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38 Abstract

39 Objective: Thrombospondin-1 (TSP1), a matricellular protein, and Osteocalcin (OCN), a 

40 non-collagenous protein secreted by osteoblasts, are known to be up- and down-regulated 

41 respectively by glucocorticoids. The aim of this study was to determine if a ratio between 

42 TSP1:OCN was altered by changes in glucocorticoid activity in humans. 

43 Design: Prospective observational study. 

44 Setting: Tertiary university hospital in Queensland, Australia.

45 Patients and Measurements: Patients with Cushing’s syndrome (CS, n=19), asthma or giant 

46 cell arteritis on chronic prednisolone treatment (PRED, n=13), adrenal insufficiency (AI, 

47 n=16) and healthy volunteers (HV, n=20). Plasma TSP1 and serum total OCN were measured 

48 by immunoassay at 0800h, 1200h and 1600h in patients with CS, patients with AI taking 

49 replacement glucocorticoids, HV before and after 4 mg dexamethasone, and PRED patients 

50 pre-dose at 0800h and 4 hours post-dose at 1200h. 

51 Results: Plasma TSP1 in CS was higher (P<0.0001) and serum OCN was lower (P<0.0001) 

52 than HV. The TSP1:OCN ratio in HV increased significantly after 4 mg dexamethasone 

53 (P<0.0001) and in AI after taking their hydrocortisone replacement therapy (P<0.001). PRED 

54 patients had a higher TSP1:OCN ratio compared to HV at both 0800h and 1200h (both 

55 P<0.001), but no significant change occurred from pre- to post-dose. A TSP1:OCN ratio of 

56 >73 at 0800h differentiated CS from HV with a sensitivity of 95% and a specificity of 100%.

57 Conclusions: The TSP1:OCN ratio is elevated in patients on prednisolone and in patients 

58 with CS compared to healthy volunteers. It may be a useful biomarker of total body 

59 glucocorticoid activity in humans. 

60 Introduction

61 Glucocorticoids are widely prescribed medications for a diverse range of health problems and 

62 are used in many medical sub-specialties.1 When used in pharmacological doses of more than 

63 5 mg per day of prednisolone or equivalent, glucocorticoids are effective anti-inflammatory 
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64 and immunosuppressive drugs, but their use is associated with several adverse effects.2 

65 Endogenous glucocorticoid excess, as seen in Cushing’s syndrome (CS), is characterized by 

66 pathologically elevated cortisol secretion, absence or blunting of the serum cortisol diurnal 

67 rhythm and lack of glucocorticoid suppression.3 Exogenous and endogenous glucocorticoid 

68 excess can result in serious side effects such as weight gain, diabetes, profound muscle 

69 weakness, osteoporosis, marked bruising, prominent striae, cataracts and hypertension.2, 4 

70 Side effects usually correlate with longer use and higher dosage of glucocorticoids5 and there 

71 is a dose-dependent increase in mortality for patients taking glucocorticoids6 as well as for 

72 patients with CS.7 

73

74 Glucocorticoids are also used for physiological replacement in states of cortisol deficiency 

75 such as hypopituitarism and primary adrenal insufficiency. In this setting, the therapeutic aim 

76 is to mimic normal daily cortisol production, but a major issue in replacement therapy for 

77 adrenal insufficiency is that traditional doses have been excessive.8 Currently there is no 

78 established biomarker of glucocorticoid activity in clinical use. 

79

80 Thrombospondin-1 (TSP1) is a matricellular protein, first discovered in platelets.9 It is widely 

81 expressed in diverse tissues including endothelial cells, monocytes /macrophages and 

82 adipocytes and is readily measurable in humans.10 Previously our group showed that plasma 

83 TSP1 increased both in healthy volunteers after a single dose of dexamethasone and in 

84 patients with adrenal insufficiency after an increase in their maintenance hydrocortisone and 

85 furthermore was elevated in patients with CS, compared to healthy volunteers.11 

86

87 Osteocalcin (OCN) is a vitamin K-dependent, non-collagenous protein synthesized by 

88 osteoblasts and considered a marker of bone formation.12 Glucocorticoid-treated patients 

89 have decreased OCN levels, reflecting diminished osteoblastic activity.13 Furthermore, data 

90 suggest that OCN is involved in pathogenesis of glucocorticoid-induced dysmetabolism,14 

91 and indicate reduced serum OCN in patients with CS.15 

92

93 Neither TSP1 nor OCN alone are sufficiently sensitive or specific to be clinically useful 

94 biomarkers of glucocorticoid activity. However, the use of a ratio between an up-regulated 

95 and down-regulated glucocorticoid-responsive protein potentially amplifies the observed 

96 changes and might improve performance both as a diagnostic test for glucocorticoid excess 

97 and for use in therapeutic drug monitoring for patients on exogenous glucocorticoids. This 
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98 study therefore aimed to test the hypothesis that the TSP1:OCN ratio was altered in people 

99 with acute and chronic states of increased glucocorticoid activity such as CS and patients 

100 taking exogenous glucocorticoids, compared to healthy individuals.

101

102 Material and Methods

103 Study design and setting

104 This prospective study was performed at the Princess Alexandra Hospital, Brisbane, 

105 Australia. The Metro South Human Research Ethics Committee, Brisbane approved the study 

106 protocol and written informed consent was obtained from all participants. 

107

108

109 Participants

110 In total, we included 19 patients with Cushing’s syndrome (CS), 13 patients on chronic 

111 supra-physiological prednisolone treatment (PRED), 16 patients with adrenal insufficiency 

112 (AI) and 20 healthy volunteers (HV). In all patients and HV vital signs, comorbidities, 

113 current medication, and symptoms related to glucocorticoid excess were assessed. 

114

115 Healthy volunteers

116 Twenty HV, ten male and ten female, were studied. On day one, venous blood was sampled 

117 at 0800h, 1200h and 1600h in a non-fasting state. On day two, separated from day one by at 

118 least 48h, each participant took 4 mg of dexamethasone orally at midnight, followed by 

119 repeat venous sampling at 0800h, 1200h and 1600h the following day.

120

121 Patients with Cushing’s syndrome

122 Nineteen patients with CS were enrolled in the study, of whom 15 (79%) had Cushing’s 

123 disease (adrenocorticotrophic hormone (ACTH) secreting pituitary adenoma) and 4 (21%) 

124 had ACTH-independent hypercortisolism of adrenal origin. All patients with CS had clinical 

125 features of cortisol excess, including at least 2 out of: characteristic weight distribution 

126 (18/19), thinning of the skin (16/19), easy bruising (14/19) and proximal myopathy (13/19). 

127 They were diagnosed with  CS according to the Endocrine Society Clinical Practice 

128 Guidelines16 with at least two abnormal diagnostic tests (elevated 24h urinary free cortisol, 

129 elevated late night salivary cortisol or failure to suppress serum cortisol to 50 nmol/L after 1 

130 mg dexamethasone), in combination with a normal or elevated plasma ACTH in the case of 

131 Cushing’s disease16 or suppressed ACTH in adrenal Cushing’s. Three participants had 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

132 recurrence or persistence following previous trans-sphenoidal resection of an ACTH-

133 secreting pituitary adenoma and had a clinically mild phenotype at the time of testing. One 

134 patient had cyclical Cushing’s disease, but was tested during an “on” phase. There was a 

135 range of biochemical severity, with urinary free cortisol (UFC) excretion varying from 0.7-

136 22.7 times the upper limit of the reference range (ULN) - median UFC 2.8x ULN (IQR 1.8-

137 4.5). In all patients, venous blood was sampled across the day at 0800h, 1200h and 1600h in a 

138 non-fasting state for serum cortisol, plasma ACTH, plasma TSP1 and serum OCN, after the 

139 diagnosis of CS was confirmed but prior to the institution of any specific therapy. Of the 15 

140 patients with Cushing’s disease, 11 later had histological confirmation of an ACTH-secreting 

141 pituitary adenoma, 2 had negative histology but biochemical and clinical remission post-

142 operatively, 1 was deemed medically unsuitable for surgery and 1 (the patient with cyclical 

143 Cushing’s) declined follow-up prior to any intervention. All patients with adrenal Cushing’s 

144 underwent successful unilateral adrenalectomy.

145

146 Patients on chronic prednisolone treatment

147 In total, 13 patients either with asthma (n=8, 62%) or giant cell arteritis (n=5, 38%) on 

148 chronic prednisolone treatment (PRED) were included. All patients were on oral 

149 prednisolone or equivalent therapy of ≥7.5 mg per day for a minimum of three months with 

150 stable dosage in the preceding four weeks. Blood sampling occurred before taking their usual 

151 prednisolone dose at 0800h and 4 hours after at 1200h.

152

153 Patients with adrenal insufficiency

154 Out of 16 patients with AI, 12 had primary adrenal insufficiency (75%) and 4 had secondary 

155 adrenal insufficiency (25%). Serial venous blood samples were drawn across the day at 

156 0800h, 1200h and 1600h while patients received their routine glucocorticoid replacement 

157 (either hydrocortisone or cortisone acetate) at 0800h, 1200h and 1600h for those on a thrice 

158 daily regimen (n=10, 63%), or 0800h and 1400h for those on a twice daily regimen (n=6, 

159 37%). 

160

161 Blood sampling and laboratory tests

162 Blood samples were immediately centrifuged and stored at -80°C. Plasma TSP1 was 

163 determined in a batch analysis using our previously published ELISA.17 Reanalysing assay 

164 precision after the purchase of a new TSP1 antibody, the inter-assay co-efficient of variation 

165 (CV) was 9% and the intra-assay CV was 3%. Half-life of TSP1 has been reported to be 9 
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166 hours.10 Serum total OCN was measured with a commercial ELISA (MicroVue Osteocalcin 

167 EIA kit 8002, Quidel, San Diego, CA, USA), as per manufacturer’s instructions. The limit of 

168 the detection was 0.5 ng/mL and co-efficient of variation (CV) was 6.5% and 10.5% within 

169 and between assays respectively at 18.5 ng/mL. Serum cortisol was measured by Beckman 

170 DxI800 immunoassay method (Beckman Coulter, Brea, CA, USA) CV 8.1% at 124 nmol/L, 

171 5.1% at 627 nmol/L. 

172

173 Statistical analysis

174 Categorical variables are expressed as frequency (percentage), Gaussian continuous variables 

175 as mean ± standard deviation (SD), and non-Gaussian continuous variables as median and 

176 (interquartile range, IQR). Most data sets did not satisfy parametric assumptions and were 

177 therefore log transformed prior to analysis with two-way repeated measures analysis of 

178 variance (ANOVA). In HV, two-way repeated measures ANOVA was performed on the log 

179 transformed data to assess the effect of treatment (dexamethasone) and time. Two-way 

180 repeated measures ANOVA on log-transformed data was also used to assess the effect of 

181 participant group and time when comparing patients with CS, AI and PRED to HV. Data are 

182 depicted graphically as box and whisker plots (median, interquartile range, range). Serum 

183 cortisol was normally distributed among HV and CS, so the untransformed cortisol data were 

184 used for the two-way repeated measures ANOVA. 

185

186 Intergroup comparisons were made applying the chi-square test, Mann-Whitney U test or 

187 Kruskal-Wallis test, as appropriate. Paired data were analysed using the paired t test or non-

188 parametric equivalent (Wilcoxon signed rank test). To quantitate TSP1, OCN and TSP1:OCN 

189 ratio accuracy in distinguishing between HV and CS, we performed receiver operator 

190 characteristic (ROC) curve analysis, and report area under the ROC curve (AUC) and its 95% 

191 CI. Analyses were performed using Graph Pad Prism 7 (GraphPad Software, Inc., La Jolla, 

192 CA, USA). Testing was two-tailed; P<0.05 was considered statistically significant.

193

194 Results

195 Baseline characteristics

196 Baseline characteristics of the study population are provided in Table 1. 

197 Median age of HV (female n=10, male n=10) was 26 years (IQR 23-30). Healthy volunteers 

198 had a median blood systolic pressure of 122 mmHg (IQR 114-136) and a body mass index 

199 (BMI) of 23.8 kg/m2 (IQR 22.7-25.2). The median age of patients with CS was 46 years 
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200 (IQR 41-55), and 17 participants (89%) were female. Median systolic blood pressure was 141 

201 mmHg (IQR 132-152) and median BMI was 32.2 kg/m2 (IQR 28.6-36.8). Seven patients 

202 (38%) had a manifest diabetes mellitus, 14 patients (74%) had hypertension and three 

203 patients (16%) had treatment-requiring osteoporosis. Eight PRED patients had asthma (62%) 

204 and five (38%) were diagnosed with giant cell arteritis. Patients were taking a median dose of 

205 14 mg prednisolone (IQR 10-20) and median duration of prednisolone treatment was 24 

206 months (IQR 5-60). Median systolic blood pressure was 132 mmHg (IQR 125-142) and 

207 median BMI was 30.6 kg/m2 (IQR 29.7-34.4). Three patients (23%) had diabetes mellitus, 

208 nine (69%) had hypertension and eight (62%) had osteoporosis. Median age for patients with 

209 AI was 53 years (IQR 39-65) and 11 (69%) were female. The median hydrocortisone 

210 replacement dose was 20 mg/day (IQR 18-22) and 12 patients (75%, those with primary AI) 

211 were on fludrocortisone therapy – median dose 0.1 mg/day, (IQR 0.04-0.16). Median systolic 

212 blood pressure was 119 mmHg (IQR 114-128) and median BMI was 26.1 kg/m2 (IQR 24.0-

213 31.9). 

214

215 Serum cortisol

216 Diurnal serum cortisol concentrations in HV and CS are depicted in Figure 1, while the 

217 individual 0800h cortisol concentrations are outlined in Figure 2. In the HV group, median 

218 cortisol levels were 393 (IQR 241-483) nmol/L at 0800h and decreased significantly during 

219 the day as expected along the circadian rhythm (P<0.0001). After 4 mg dexamethasone at 

220 midnight, serum cortisol and plasma ACTH were suppressed throughout the sampling period, 

221 while median serum cortisol was elevated in the CS at 0800h: 511 (IQR 412-554) nmol/L and 

222 showed only a slight decline during the day (P=0.012). Patients with CS had higher cortisol 

223 levels compared to HV at all three time points (P<0.0001, Figure 1). In the PRED patients, 

224 0800h serum cortisol was low due to hypothalamic-pituitary-adrenal axis suppression, and 

225 very low in the patients with AI. Using Kruskal Wallis one-way ANOVA, 0800h cortisol was 

226 significantly lower in both AI and PRED groups compared to the HV group (P<0.0001, 

227 Figure 2). 

228

229 TSP1 and OCN in healthy volunteers before and after dexamethasone

230 On day one at 0800h, median plasma TSP1 was 271 (IQR 237-336) ng/mL, median serum 

231 OCN was 11.0 (IQR 7.5-13.7) ng/mL and the TSP1:OCN ratio was 24.0 (IQR 17.8-46.0), 

232 Table 2. Two-way ANOVA on log transformed data demonstrated that all parameters 

233 remained unchanged during the day (P=0.80, P=0.79 and P=0.99 respectively). The increase 
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234 in plasma TSP1 after dexamethasone in this group has been previously reported.11 Following 

235 dexamethasone, OCN levels were lower compared to the control day (all time points 

236 P<0.0001, Figure 3A). Median OCN levels after dexamethasone were 6.8 (5.0-8.8) ng/mL at 

237 0800h and decreased further during the day (P=0.0006). Accordingly, median TSP1:OCN 

238 ratio was lowest at 0800h: 53.3 (IQR 28.7-85.7) and increased during the study day (P=0.02). 

239 The TSP1:OCN ratio in HV was significantly higher after 4 mg dexamethasone than the 

240 control day at all time points (main effect of treatment: P<0.0001, Figure 3B). 

241

242 TSP1 and OCN in patients with Cushing’s syndrome

243 Plasma TSP1 was significantly higher in CS compared to HV at all three time points (0800h: 

244 P=0.0002, 1200h and 1600h: P<0.0001, Table 2). At 0800h a plasma TSP1 >389 ng/mL 

245 identified patients with CS with a sensitivity of 79% and a specificity of 85% (AUC 0.84 

246 (95% CI 0.70-0.97). At 1200h and 1600h the diagnostic accuracy of plasma TSP1 for CS 

247 remained similar. Serum OCN was significantly lower in patients with CS compared to HV 

248 (0800h: P<0.0001, 1200h: P=0.0009, 1600h: P<0.0001, Table 2). ROC analysis showed the 

249 best sensitivity and specificity for the diagnosis of Cushing’s syndrome with a single OCN 

250 measurement at 0800h: (serum OCN <6.5 ng/mL, AUC 0.95 (95% CI 0.88-1.0), sensitivity: 

251 84%, specificity: 90%). The TSP1:OCN ratio was significantly higher in patients with 

252 Cushing’s syndrome compared to HV at all time points (P<0.0001), see Table 2 and Figure 

253 4A. 

254

255 TSP1 and OCN in patients with adrenal insufficiency

256 Plasma TSP1 levels in patients with AI did not change during the day (overall P=0.097). 

257 Compared to HV, TSP1 levels were higher only at 1200h (P=0.02, Table 2). Serum OCN 

258 levels were highest at 0800h: 13.4 (IQR 9.8-15.9) ng/mL and decreased during the day – 

259 1200h: 10.4 (IQR 7.7-14.5) ng/mL, 1600h: 8.9 (IQR 6.5-12.1) ng/mL, P=0.005. At all time 

260 points, OCN levels were similar to HV, but were higher than PRED or CS groups (Table 2). 

261 The TSP1:OCN ratio in patients with AI was lowest at 0800h: 28.2 (IQR 23.2-38.8) and 

262 increased across the day after taking the usual replacement therapy 1200h: 32.9 (IQR 26.9-

263 48.2), 1600h: 43.5 (IQR 29.4-58.3), (P=0.0009). The TSP1:OCN ratio in AI was similar to 

264 HV at 0800h and 1200h. However, at 1600h the TSP1:OCN ratio was higher in AI compared 

265 to HV (P=0.027), see Figure 4B. 

266

267 TSP1 and OCN in patients on chronic prednisolone treatment
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268 Plasma TSP1 in PRED patients was similar before and four hours after taking their 

269 medication (P=0.27). There was no difference in TSP1 compared to HV at 0800h and 1200h 

270 (P=0.62, and P=0.15), see Table 2. On the contrary, OCN was significantly lower in PRED 

271 patients compared to HV at 0800h (P<0.001, Table 2) and 1200h (P<0.01), but there was no 

272 significant change from pre- to post-dose (P=0.44). The TSP1:OCN ratio in PRED patients 

273 was similar at 0800h: 59.2 (IQR 38.8-91.9) compared to 1200h: 49.3 (IQR 36.4-134.6), 

274 P=0.74. PRED patients had significantly higher TSP1:OCN ratio compared to HV at both 

275 time points (both P<0.001, Table 2 and Figure 4C). Furthermore, the pre-dose TSP1:OCN 

276 ratio was lower in the PRED group compared to CS at 0800h (P<0.01), However, after 

277 receiving the dose of prednisolone, the ratio was similar for both patient groups at 1200h 

278 (Table 2 and Figure 4C).

279

280 Diagnostic Performance of the TSP1:OCN ratio in Cushing’s syndrome

281 The best diagnostic accuracy for the TSP1:OCN ratio was at 0800h, which is outlined in 

282 Figure 5. A TSP1:OCN ratio of >73 distinguished patients with CS from HV with a 

283 sensitivity of 95% and a specificity of 100% – AUC 0.997 (95% CI 0.99-1.0), P<0.0001. The 

284 TSP1:OCN ratio at 0800h did not correlate with the 24h urinary free cortisol, expressed as 

285 fold change from the upper limit of the reference range (P=0.32).

286

287 Effect of inverting the ratio

288 The investigators chose to express the numerically higher value of the upregulated protein as 

289 the numerator and the numerically lower value of the downregulated protein as the 

290 denominator, leading to an increase in the TSP1:OCN ratio when glucocorticoid activity rose. 

291 Inverting the ratio to express it as OCN:TSP1 resulted in numeric values in the range of 0.01-

292 0.1 which fell in response to increased glucocorticoid exposure. There was no difference in 

293 the statistical significance of the measure regardless of which parameter was the numerator or 

294 denominator. 

295

296 Discussion

297 This prospective observational study demonstrates that the TSP1:OCN ratio increases in 

298 response to both acute and chronic glucocorticoid exposure in humans. Firstly, the 

299 TSP1:OCN ratio increased in HV after a single dose of dexamethasone, and patients on 

300 chronic supra-physiological prednisolone treatment had a higher TSP1:OCN ratio compared 

301 to HV. Secondly, the TSP1:OCN ratio was elevated in patients with CS compared to HV with 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

302 high sensitivity and specificity, reflecting elevated endogenous cortisol secretion. Thirdly, the 

303 TSP1:OCN ratio increased during the day in patients with AI receiving their daily 

304 glucocorticoid supplementation, indicating the effect of replacement therapy. 

305

306 Several studies have shown that both TSP1 and OCN are affected by glucocorticoids in 

307 humans.11, 13, 15 Glucocorticoids inhibit OCN gene expression in osteoblasts via a negative 

308 glucocorticoid response element (GRE) in the OCN promoter,18 but the precise molecular 

309 mechanism of the TSP1 induction has not been elucidated. The current study suggests that a 

310 ratio between TSP1 and OCN reflects total body glucocorticoid activity in both an acute and 

311 chronic setting. Furthermore, in patients with CS, the TSP1:OCN ratio might be useful as a 

312 novel diagnostic marker. Establishing a diagnosis of CS can be challenging. The sensitivity 

313 and specificity of the various diagnostic tests varies depending on several patient factors. 

314 False-positive elevation of 24-hour urinary free cortisol may be seen in patients with high 

315 fluid intake and any physiological or pathological condition that increases cortisol 

316 production.16 False-negative results of urine cortisol may occur in patients with moderate to 

317 severe renal impairment.19 In obese subjects and in women taking the oral contraceptive pill, 

318 up to 50% false positive results have been reported with the 1 mg dexamethasone suppression 

319 test.16, 20 The diagnostic accuracy of the late-night salivary cortisol in CS is similar to that of 

320 24-hour urinary free cortisol and the 1 mg dexamethasone test, with several studies reporting 

321 a sensitivity between 92-100% and a specificity between 93-100%.21 Nevertheless, falsely 

322 elevated results can occur in patients with blunted circadian rhythm, i.e. depressive illness, 

323 shift workers and critically ill patients.22 Furthermore, a recent study including elderly men 

324 reported that 20% of all participants and 40% of diabetic hypertensive subjects had at least 

325 one falsely elevated late-night salivary cortisol.23 While we acknowledge that a larger pool of 

326 patients both with and without CS needs to be studied, our results show the TSP1:OCN ratio 

327 from a single morning blood draw, shows potential as a screening test. 

328

329 A reliable biomarker for the glucocorticoid action would also be useful in patients with AI, as 

330 sometimes replacement doses can be excessive.8 A higher mortality rate has been noted in 

331 patients with AI24 – possible explanations include supra-physiological maintenance doses25 

332 and a poor diurnal glucocorticoid exposure-time profile.26 Our results showed that the 

333 TSP1:OCN ratio increased during the day after taking their usual replacement therapy, and 

334 was significantly elevated compared to HV at 1600h, possibly reflecting higher than ideal 

335 afternoon dosing in these patients. Once-daily dual release hydrocortisone, an alternative 
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336 replacement therapy to twice or thrice daily immediate release hydrocortisone, provides a 

337 more circadian-based serum cortisol profile, improving weight, blood pressure and glucose 

338 metabolism.27 We hypothesise that the afternoon TSP1:OCN ratio in patients on once-daily 

339 dual release hydrocortisone would be lower than those on conventional replacement therapy. 

340 Of note, the patients with AI had very low morning cortisol but a normal morning 

341 TSP1:OCN ratio, while those on PRED had a low morning cortisol but an elevated 

342 TSP1:OCN ratio. This may indicate that these patients on conventional replacement largely 

343 maintain normal tissue glucocorticoid activity overnight or that the measure is not as 

344 sensitive to detect low compared to high glucocorticoid activity, while patients on 

345 supraphysiological prednisolone maintain elevated glucocorticoid activity over the 24h 

346 period.

347

348 The question arises whether the TSP1:OCN ratio reflects recent or longer term glucocorticoid 

349 exposure (akin to the relationship between HbA1c and glucose). Given our findings, we 

350 suggest that the relationship between the TSP1:OCN ratio and glucocorticoids is similar to 

351 that between IGF1 and growth hormone (GH). IGF1 is a more sensitive marker of GH excess 

352 than GH deficiency and is a measure of integrated GH exposure rather than a reflection of the 

353 concurrent GH concentration.

354

355 The following limitations of our study are acknowledged. TSP1 and OCN concentrations 

356 may be affected by factors other than glucocorticoids. It is known that TSP1 is elevated in 

357 patients with diabetes, particularly in patients with both diabetes and cardiovascular disease.28 

358 However, data on the relationship between TSP1 and cardiovascular disease are conflicting 

359 and more research is warranted.29 Our earlier study did not show any association between 

360 plasma TSP1 and age or BMI among HV, which needs to be confirmed with a larger sample 

361 size.11 Platelet activation markedly increases TSP1 levels, which are approximately 100-fold 

362 higher in serum than plasma,17 so careful sample collection is required to avoid this. The 

363 precision of the immunoassays for TSP1 and OCN may result in errors which are minimised 

364 using batch analysis nullifying a higher inter-assay CV. However, this is largely a technical 

365 issue which we believe could be overcome (changing the TSP1 antibody for example more 

366 than halved the previous inter-assay CV), noting that immunoassays remain in widespread 

367 clinical use in the broad field of Endocrinology. It is also noted that using a ratio between two 

368 independent variables potentially has the effect of compounding error, reducing diagnostic 

369 precision.
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370

371 OCN levels can be affected by several conditions. Previous studies showed that OCN is 

372 affected by androgens and oestrogens.30 Oestrogen replacement therapy which counteracts 

373 the biochemical changes caused by increased bone turnover associated with menopause can 

374 affect OCN levels.31 However, in our CS patients we found no difference in OCN levels in 

375 postmenopausal women compared to premenopausal women (data not shown). Furthermore, 

376 several studies have explored the role of OCN in the regulation of glucose metabolism in 

377 humans and have reported associations of reduced OCN levels with hyperglycaemia, insulin 

378 resistance, type 2 diabetes and obesity.32-34 Our HV had a lower BMI compared to patients 

379 with CS and the rate of metabolic syndrome was higher in our patients with CS which might 

380 have affected our results. Further, osteoporosis and especially anti-resorptive agents might 

381 have influenced our results, as OCN is a marker of bone formation. Our results remained 

382 similar excluding patients with known osteoporosis (n = 3 for Cushing’s patients and n= 6 for 

383 PRED patients). However, due to the rather small patients group this findings have to be 

384 interpreted with caution and larger studies are needed to draw a definitive conclusion. 

385

386 Lastly, we acknowledge that the sample size in our study is small and further studies of larger 

387 cohorts, especially including more control subjects with conditions such as obesity, 

388 hypertension and type 2 diabetes are clearly needed to establish a reference range for non-

389 Cushing’s patients. 

390

391 In summary, the TSP1:OCN ratio reflects glucocorticoid activity in several different patient 

392 cohorts. The TSP1:OCN ratio increased in HV after a single dose of dexamethasone and rose 

393 during the day in patients with AI receiving their usual daily glucocorticoid supplementation. 

394 Furthermore, the TSP1:OCN ratio was high in patients on chronic prednisolone treatment and 

395 in patients with CS. We propose that the TSP1:OCN ratio is a promising glucocorticoid 

396 biomarker, which may provide adjuvant information to the standard diagnostic tests for 

397 Cushing’s syndrome and potential therapeutic drug monitoring in patients on glucocorticoids.

398

399 Declaration of interest:

400 The authors declare that there is no conflict of interest that could be perceived as prejudicing 

401 the impartiality of this study.

402

403 Funding:

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

404 NN was supported by a grant from the University of Basel, Switzerland. Grant support was 

405 obtained from the Princess Alexandra Hospital Research Foundation and Mater Research, 

406 University of Queensland, Brisbane, Australia

407

408 Data availability statement

409 The data that support the findings of this study are available from the corresponding author 

410 upon reasonable request.

411

412 References: 

413 1 Fardet, L., Petersen, I. & Nazareth, I. (2011) Prevalence of long-term oral 

414 glucocorticoid prescriptions in the UK over the past 20 years. Rheumatology (Oxford) 50, 

415 1982-1990.

416 2 Czock, D., Keller, F., Rasche, F.M. & Haussler, U. (2005) Pharmacokinetics and 

417 pharmacodynamics of systemically administered glucocorticoids. Clin Pharmacokinet 44, 

418 61-98.

419 3 Nieman, L.K. (2015) Cushing's syndrome: update on signs, symptoms and 

420 biochemical screening. Eur J Endocrinol 173, M33-38.

421 4 Fardet, L., Petersen, I. & Nazareth, I. (2012) Risk of cardiovascular events in people 

422 prescribed glucocorticoids with iatrogenic Cushing's syndrome: cohort study. BMJ 345, 

423 e4928.

424 5 Huscher, D., Thiele, K., Gromnica-Ihle, E., Hein, G., Demary, W., Dreher, R., Zink, 

425 A. & Buttgereit, F. (2009) Dose-related patterns of glucocorticoid-induced side effects. Ann 

426 Rheum Dis 68, 1119-1124.

427 6 Listing, J., Kekow, J., Manger, B., Burmester, G.R., Pattloch, D., Zink, A. & 

428 Strangfeld, A. (2015) Mortality in rheumatoid arthritis: the impact of disease activity, 

429 treatment with glucocorticoids, TNFalpha inhibitors and rituximab. Ann Rheum Dis 74, 415-

430 421.

431 7 Lambert, J.K., Goldberg, L., Fayngold, S., Kostadinov, J., Post, K.D. & Geer, E.B. 

432 (2013) Predictors of mortality and long-term outcomes in treated Cushing's disease: a study 

433 of 346 patients. J Clin Endocrinol Metab 98, 1022-1030.

434 8 Peacey, S.R., Guo, C.Y., Robinson, A.M., Price, A., Giles, M.A., Eastell, R. & 

435 Weetman, A.P. (1997) Glucocorticoid replacement therapy: are patients over treated and does 

436 it matter? Clin Endocrinol (Oxf) 46, 255-261.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

437 9 Lawler, J.W., Slayter, H.S. & Coligan, J.E. (1978) Isolation and characterization of a 

438 high molecular weight glycoprotein from human blood platelets. J Biol Chem 253, 8609-

439 8616.

440 10 Dawes, J., Clemetson, K.J., Gogstad, G.O., McGregor, J., Clezardin, P., Prowse, C.V. 

441 & Pepper, D.S. (1983) A radioimmunoassay for thrombospondin, used in a comparative 

442 study of thrombospondin, beta-thromboglobulin and platelet factor 4 in healthy volunteers. 

443 Thromb Res 29, 569-581.

444 11 Barclay, J.L., Petersons, C.J., Keshvari, S., Sorbello, J., Mangelsdorf, B.L., 

445 Thompson, C.H., Prins, J.B., Burt, M.G., Whitehead, J.P. & Inder, W.J. (2016) 

446 Thrombospondin-1 is a glucocorticoid responsive protein in humans. Eur J Endocrinol 174, 

447 193-201.

448 12 Zoch, M.L., Clemens, T.L. & Riddle, R.C. (2016) New insights into the biology of 

449 osteocalcin. Bone 82, 42-49.

450 13 Lukert, B.P., Higgins, J.C. & Stoskopf, M.M. (1986) Serum osteocalcin is increased 

451 in patients with hyperthyroidism and decreased in patients receiving glucocorticoids. J Clin 

452 Endocrinol Metab 62, 1056-1058.

453 14 Brennan-Speranza, T.C., Henneicke, H., Gasparini, S.J., Blankenstein, K.I., 

454 Heinevetter, U., Cogger, V.C., Svistounov, D., Zhang, Y., Cooney, G.J., Buttgereit, F., 

455 Dunstan, C.R., Gundberg, C., Zhou, H. & Seibel, M.J. (2012) Osteoblasts mediate the 

456 adverse effects of glucocorticoids on fuel metabolism. J Clin Invest 122, 4172-4189.

457 15 Belaya, Z.E., Iljin, A.V., Melnichenko, G.A., Solodovnikov, A.G., Rozhinskaya, 

458 L.Y., Dzeranova, L.K. & Dedov, II (2016) Diagnostic performance of osteocalcin 

459 measurements in patients with endogenous Cushing's syndrome. Bonekey Rep 5, 815.

460 16 Nieman, L.K., Biller, B.M., Findling, J.W., Newell-Price, J., Savage, M.O., Stewart, 

461 P.M. & Montori, V.M. (2008) The diagnosis of Cushing's syndrome: an Endocrine Society 

462 Clinical Practice Guideline. J Clin Endocrinol Metab 93, 1526-1540.

463 17 Barclay, J.L., Keshvari, S., Whitehead, J.P. & Inder, W.J. (2016) Development of an 

464 enzyme-linked immunosorbent assay for thrombospondin-1 and comparison of human 

465 plasma and serum concentrations. Ann Clin Biochem 53, 606-610.

466 18 Leclerc, N., Noh, T., Khokhar, A., Smith, E. & Frenkel, B. (2005) Glucocorticoids 

467 inhibit osteocalcin transcription in osteoblasts by suppressing Egr2/Krox20-binding enhancer. 

468 Arthritis Rheum 52, 929-939.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

469 19 Chan, K.C., Lit, L.C., Law, E.L., Tai, M.H., Yung, C.U., Chan, M.H. & Lam, C.W. 

470 (2004) Diminished urinary free cortisol excretion in patients with moderate and severe renal 

471 impairment. Clin Chem 50, 757-759.

472 20 Nickelsen, T., Lissner, W. & Schoffling, K. (1989) The dexamethasone suppression 

473 test and long-term contraceptive treatment: measurement of ACTH or salivary cortisol does 

474 not improve the reliability of the test. Exp Clin Endocrinol 94, 275-280.

475 21 Viardot, A., Huber, P., Puder, J.J., Zulewski, H., Keller, U. & Muller, B. (2005) 

476 Reproducibility of nighttime salivary cortisol and its use in the diagnosis of hypercortisolism 

477 compared with urinary free cortisol and overnight dexamethasone suppression test. J Clin 

478 Endocrinol Metab 90, 5730-5736.

479 22 Pfohl, B., Sherman, B., Schlechte, J. & Stone, R. (1985) Pituitary-adrenal axis rhythm 

480 disturbances in psychiatric depression. Arch Gen Psychiatry 42, 897-903.

481 23 Liu, H., Bravata, D.M., Cabaccan, J., Raff, H. & Ryzen, E. (2005) Elevated late-night 

482 salivary cortisol levels in elderly male type 2 diabetic veterans. Clin Endocrinol (Oxf) 63, 

483 642-649.

484 24 Bergthorsdottir, R., Leonsson-Zachrisson, M., Oden, A. & Johannsson, G. (2006) 

485 Premature mortality in patients with Addison's disease: a population-based study. J Clin 

486 Endocrinol Metab 91, 4849-4853.

487 25 Filipsson, H., Monson, J.P., Koltowska-Haggstrom, M., Mattsson, A. & Johannsson, 

488 G. (2006) The impact of glucocorticoid replacement regimens on metabolic outcome and 

489 comorbidity in hypopituitary patients. J Clin Endocrinol Metab 91, 3954-3961.

490 26 Dallman, M.F., Akana, S.F., Bhatnagar, S., Bell, M.E. & Strack, A.M. (2000) 

491 Bottomed out: metabolic significance of the circadian trough in glucocorticoid 

492 concentrations. Int J Obes Relat Metab Disord 24 Suppl 2, S40-46.

493 27 Johannsson, G., Nilsson, A.G., Bergthorsdottir, R., Burman, P., Dahlqvist, P., Ekman, 

494 B., Engstrom, B.E., Olsson, T., Ragnarsson, O., Ryberg, M., Wahlberg, J., Biller, B.M., 

495 Monson, J.P., Stewart, P.M., Lennernas, H. & Skrtic, S. (2012) Improved cortisol exposure-

496 time profile and outcome in patients with adrenal insufficiency: a prospective randomized 

497 trial of a novel hydrocortisone dual-release formulation. J Clin Endocrinol Metab 97, 473-

498 481.

499 28 Choi, K.Y., Kim, D.B., Kim, M.J., Kwon, B.J., Chang, S.Y., Jang, S.W., Cho, E.J., 

500 Rho, T.H. & Kim, J.H. (2012) Higher plasma thrombospondin-1 levels in patients with 

501 coronary artery disease and diabetes mellitus. Korean Circ J 42, 100-106.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

502 29 Krishna, S.M. & Golledge, J. (2013) The role of thrombospondin-1 in cardiovascular 

503 health and pathology. Int J Cardiol 168, 692-706.

504 30 Massafra, C., De Felice, C., Agnusdei, D.P., Gioia, D. & Bagnoli, F. (1999) 

505 Androgens and osteocalcin during the menstrual cycle. J Clin Endocrinol Metab 84, 971-974.

506 31 Heikkinen, A.M., Parviainen, M., Niskanen, L., Komulainen, M., Tuppurainen, M.T., 

507 Kroger, H. & Saarikoski, S. (1997) Biochemical bone markers and bone mineral density 

508 during postmenopausal hormone replacement therapy with and without vitamin D3: a 

509 prospective, controlled, randomized study. J Clin Endocrinol Metab 82, 2476-2482.

510 32 Im, J.A., Yu, B.P., Jeon, J.Y. & Kim, S.H. (2008) Relationship between osteocalcin 

511 and glucose metabolism in postmenopausal women. Clin Chim Acta 396, 66-69.

512 33 Kindblom, J.M., Ohlsson, C., Ljunggren, O., Karlsson, M.K., Tivesten, A., Smith, U. 

513 & Mellstrom, D. (2009) Plasma osteocalcin is inversely related to fat mass and plasma 

514 glucose in elderly Swedish men. J Bone Miner Res 24, 785-791.

515 34 Yeap, B.B., Chubb, S.A., Flicker, L., McCaul, K.A., Ebeling, P.R., Hankey, G.J., 

516 Beilby, J.P. & Norman, P.E. (2012) Associations of total osteocalcin with all-cause and 

517 cardiovascular mortality in older men. The Health In Men Study. Osteoporos Int 23, 599-606.

518

519 Legends for Figures:

520 Figure 1

521 Mean ± standard error of the mean (SEM) diurnal serum cortisol in healthy volunteers (n=20) 

522 under resting conditions () and after 4mg of dexamethasone orally administered at 

523 midnight () compared to patients with Cushing’s syndrome (, n=19). *** P<0.001 and 

524 **** P<0.0001 compared to healthy volunteers.

525

526 Figure 2

527 Serum cortisol at 0800h in healthy volunteers (n=20) under resting conditions (), patients 

528 with Cushing’s syndrome (, n=19), patients on chronic supra-physiological prednisolone 

529 therapy (, n=13) and adrenal insufficiency on replacement hydrocortisone or cortisone 

530 acetate (, n=16). The 0800h cortisol represents a pre-dose concentration in both groups 

531 receiving glucocorticoids. * P<0.05 vs HV and AI, ** P<0.01 vs HV and CS, 

532 *** P<0.0001 compared to HV and CS.

533
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A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

535 A – Serum osteocalcin (OCN) in healthy volunteers (n=20) under resting conditions () and 

536 after 4 mg dexamethasone orally administered at midnight (). *** P<0.001 and 

537 **** P<0.0001 compared to control day.

538 B – Thrombospondin-1 to osteocalcin (TSP1:OCN) ratio in healthy volunteers under resting 

539 conditions () and after 4 mg dexamethasone orally administered at midnight (). 

540 *** P<0.001 and **** P<0.0001 compared to control day.

541

542

543

544 Figure 4

545 A – Thrombospondin-1 to osteocalcin (TSP1:OCN) ratio in patients with Cushing’s 

546 syndrome (n=19, ) and healthy volunteers (n=20, ). ****P<0.0001 compared to healthy 

547 volunteers.

548 B – Thrombospondin-1 to osteocalcin (TSP1:OCN) ratio in patients with adrenal 

549 insufficiency (n=16, ) and healthy volunteers (n=20, ). *P<0.05 compared to healthy 

550 volunteers.

551 C – Thrombospondin-1 to osteocalcin (TSP1:OCN) ratio in patients with Cushing’s 

552 syndrome (n=19, ), patients on chronic supra-physiological prednisolone treatment (n=13, 

553 ) and healthy volunteers (n=20, ). The 0800h sample in the patients on prednisolone was 

554 drawn pre-dose and the 1200h sample was drawn 4h post-dose. *** P<0.001 and **** 

555 P<0.0001 compared to healthy volunteers. †† P<0.01 compared to Cushing’s syndrome.

556

557 Figure 5

558 Diagnostic performance of the TSP1:OCN ratio in Cushing’s syndrome at 0800h. The dashed 

559 line indicates a TSP1:OCN ratio of 73, where both are expressed in ng/mL. ROC curve 

560 (inset) AUC 0.997 (95% CI 0.99-1.0), P<0.0001. Sensitivity 95%, Specificity 100%.
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Table 1: Baseline Characteristics

Characteristics Healthy 

volunteers 

(n = 20)

Adrenal 

insufficiency 

(n = 16)

Cushing’s patients 

(n = 19)

Patients on 

chronic 

prednisolone 

(n = 13)

Median (IQR) age, y 26 (23-30) 53 (39-65) 46 (41-55) 66 (58-72)

Female, n (%) 10 (50) 11 (69) 17 (89) 4 (31)

Median (IQR) prednisolone 

dose, mg

14 (10-20)

Median (IQR) duration of 

prednisolone treatment, 

months

24 (5-60)

Median (IQR) hydrocortisone 

dose, mg

20 (18-22)

Median (IQR) vital signs

Systolic BP, mmHg 122 (114-136) 119 (114-128) 141 (132-152) 132 (125-142)

Diastolic BP, mmHg 79 (71-82) 78 (71-82) 85 (81-97) 81 (76-86)

Body mass index, kg/m2 23.8 (22.7-25.2) 26.1 (24.0-31.9) 32.2 (28.6-36.8) 30.7 (29.9-35.0)

Clinical variables

Diabetes mellitus n (%) 0 (0) 3 (15) 7 (38) 3 (23)

Hypertension n (%) 0 (0) 3 (15) 14 (74) 9 (69)

Osteoporosis n (%) 0 (0) 1 (5) 3 (16) 6 (46)
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Table 2

Median (IQR) plasma thrombospondin-1 (TSP1), serum osteocalcin (OCN) and TSP1:OCN ratio in healthy volunteers (HV), and patients 

with Cushing’s syndrome (CS), adrenal insufficiency on physiological glucocorticoid replacement (AI) and patients on supra-physiological 

doses of prednisolone (PRED).

Condition
Healthy 

Volunteers (n=20)

Cushing’s syndrome 

(n=19)

P- Value 

HV vs. CS

Adrenal 

insufficiency 

(n=16)

P- Value 

HV vs AI
Prednisolone 

(n=13)

P- Value 

HV vs 

PRED

Plasma TSP1 (ng/mL) 0800h 271 (237-336) 467 (399-630) 0.0002 374 (326-402) ns 274 (249-388) ns

Plasma TSP1 (ng/mL) 1200h 278 (193-357) 507 (386-576) < 0.0001 356 (318-398) 0.02 324 (254-424) ns

Plasma TSP1 (ng/mL) 1600h 294 (219-376) 510 (383-673) < 0.0001 378.(340-402) ns N/A

Serum OCN (ng/mL) 0800h 11.0 (7.5-13.7) 4.1 (3.3-5.9) < 0.001 13.4 (9.8-15.9) ns 5.9 (3.5-7.4) < 0.001

Serum OCN (ng/mL) 1200h 10.2 (7.9-14.0) 6.5 (3.6-8.3) 0.0009 10.4 (7.7-14.5) ns 5.9 (3.2-10.1) < 0.01

Serum OCN (ng/mL) 1600h 11.4 (8.4-14.3) 6.5 (3.6-8.3) <0.0001 8.9 (6.5-12.1) ns N/A

TSP1:OCN ratio 0800h 24.0 (17.8-46.0) 91.0 (83.2-157.3) < 0.0001 28.2 (23.2-38.8) ns 59.2 (38.8-91.9) < 0.001

TSP1:OCN ratio 1200h 25.5 (18.7-47.1) 87.7 (64.8-131.7) < 0.0001 32.9 (26.9-48.2) ns 49.3 (36.4-134.6) < 0.001

TSP1:OCN ratio 1600h 25.4 (20.5-34.5) 102.1 (71.9-160.5) <0.0001 43.5 (29.4-58.3) 0.027 N/A
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