
Supplementary Subjects and methods 

Description of the LC-MS/MS method 

 

A deuterated internal standard was added to 300 µl of each sample, calibrator or control 

sample and allowed to equilibrate for at least 10 minutes before supported liquid extraction 

(SLE, Isolute, Biotage, Uppsala, Sweden). Elution was performed using 2x900 µl ethyl 

acetate. The solvent was removed under a gentle stream of N2 (55 °C) and the samples were 

reconstituted in 100 µl 50/50 MeOH/H2O (v/v). LC-MS/MS analysis was performed by a 1290 

UHPLC system (Agilent, Santa Clara, CA, USA) coupled to a 6490 tandem mass spectrometer 

(QQQ, Agilent).  

Two different LC-MS/MS methods were used; one for the determination of 17OHP, 21DF, 

11DF, DOC, corticosterone, cortisone, cortisol, and synthetic glucocorticoids (prednisolone, 

prednisone and dexamethasone) and one for the determination of androstendione and 

testosterone. For each method, 20 µl of the extracted sample were injected onto a 2.1x50 

mm high strength silica-pentafluorophenyl (HSS-PFP) column (Waters, Milford MA, USA). 

Mobile phase A consisted of 0.2% FA in water, while mobile phase B consisted of 0.2% FA in 

MeOH (androstenedione/testosterone) or 0.2/5/95% (v/v/v) FA/MeOH/AcN. A linear 

gradient at a flow rate of 0.4 ml/min was used to separate and elute the analytes.  

Detection was performed with positive electrospray ionization and multiple reaction 

monitoring. The ion transitions monitored for quantification are given in table S1. 

Additionally, one or two qualifier ions were monitored. Calibrations were made from 

certified reference material (Cerilliant, Round Rock, TX, USA). Synthetic glucocorticoids were 

not quantified, but their presence was confirmed with retention time. 

The method was validated according to internal guidelines. Validation included assessment 

of the following; limit of detection (LOD), limit of quantification (LOQ), linearity, recovery, 

matrix effects, specificity, intra-assay repeatability, total analytical repeatability, comparison 

to previous method, new reference values, robustness, carry-over and stability.  

The instrument LOD was established, defined as a signal-to-noise (S/N) ratio of 3. All 

analytes had acceptable low instrument LOD for the purpose of the method; to distinguish 

normal values from too high values.  

The instrument and method LOQ were established, defined as the concentration giving a 

CV% < 20%. The method LOQ for the analytes is given in table S2.  



Acceptable linearity was defined as r2>0,995. All analytes had acceptable linearity over a 

relevant concentration range. 

Recovery (defined as 100±20%) and matrix effects (defined as 100±20%) were tested as 

described by Matuszewski [1]. All analytes had acceptable recovery and matrix effects. 

Specificity was defined as the ability to separate relevant isobaric compounds, e.g. 11-

deoxycortisol, 21-deoxycortisol and corticosterone; 17-hydroxyprogesterone and 

deoxycorticosterone; testosterone and DHEA. Baseline separation was achieved for all 

tested isobaric pairs.  

The total analytical repeatability was tested prior to routine use (n=10, at minimum 2 levels, 

not presented) and after a period of time in routine use (table S2). This period of time varies 

for the different analytes, thus the different number of observations in table S2.  

Method comparison with immunoassay routine methods was done to assess the difference 

between methods. All steroid hormones have reference values established with LC-MS/MS 

and these reference values were confirmed in our laboratory. Comparison with other 

laboratories using LC-MS/MS methods was done for 17-hydroxyprogesterone, 11-

deoxycortisol, cortisol, cortisone, testosterone and androstenedione. All analytes had 

differences below 10%, which was regarded as acceptable (methods giving the same result).  

Robustness to small changes in column temperature or variation in mobile phase 

composition was tested. The method is robust.  

Carry-over was tested with blank injections after injections of a sample with high analyte 

concentration (Carry-over in the LC-system). A sample with low analyte concentration was 

extracted before and after a sample with high analyte concentration (method carry-over). 

None of the analytes did show carry-over.  

According to literature [2], steroid hormones generally have good stability in serum samples, 

thus only stability during sample preparation was assessed. 

 

Table S1 Precursor ions and product ions used for analytes and internal standards; LC-

MS/MS. 

  

Analyte Precursor ion Product ions Collision energy (V) 

Cortisol-d4  367.25  121.2*; 97.2 40, 40 



Cortisol  363,2  121.2*; 104.8; 91.1 25, 50, 50 

Cortisone   361.25 163.2*; 121.1; 97 25, 40, 40 

Prednisolone 361.25 147.2 25 

Prednisone 359.2 147.2 25 

Dexamethasone 393.3 237.1 20 

21 deoxycortisol-d8 355.2 125.2; 100.2* 40, 50 

11 deoxycortisol -d5 352.2 113; 100.1* 25, 25 

Corticosterone 347.2 329.1; 104.9; 97* 10, 50, 25 

11 deoxycortisol /21 

Deoxycortisol  
347.2 329.1; 108.8; 97* 10, 30, 25 

17OHP-d8 339.25 113.2; 100* 25, 25 

17OHP/DOC 331.25 313.2; 109.1; 97.1* 15, 30, 25 

Tetstosterone-d3  292.2 109; 97.1* 25 

Testosterone  289.3 253.2; 109.1; 97.2* 10, 20, 20 

Androstenedione-d7 294.3 100.1*; 113 25 

Androstenedione  287.3 269.3; 109; 97.1* 10, 20, 20 

* = quantification ion, other ions used as qualifier ions, 17OHP ( 17-hydroxyprogesterone), 
DOC (deoxycorticosterone) 
 
Table S2 Method limit of quantification (mLOQ) and total analytical repeatability in routine 
use; LC-MS/MS. 

Analyte 
mLOQ 

(nmol/l) 

Total analytical repeatability (CV%, 

concentration level and number of 

observations) 

Cortisol 0,50  

12% (57 nmol/l, n=12) 

5% (267 nmol/l, n=36) 

4% (676 nmol/l, n=37) 

Cortisone  3,4 

11% (8,2 nmol/l, n=14) 

10% (40 nmol/l, n=93) 

5% (137 nmol/l, n=13) 

Corticosterone 0,20 

15% (1,4 nmol/l, n=41) 

10% (7,0 nmol/l, n=95) 

10% (26 nmol/l, n=46) 



11 deoxycortisol 0,25 

8% (0,59 nmol/l, n=108) 

8% (1,07 nmol/l, n=108) 

7% (2,8 nmol/l, n=47) 

21 Deoxycortisol 0,13 
25% (0,4 nmol/l, n=14) 

11% (5,6 nmol/l, n=15) 

17OH Progesterone 0,24 
6% (2,1 nmol/l, n=168) 

7% (15 nmol/l, n=168) 

Deoxycorticosterone 0,071 

18% (0,07 nmol/l, n=83) 

13% (0,12 nmol/l, n=24) 

16% (1,7 nmol/l, n=15) 

Testosterone 0,10 

16% (0,30 nmol/l, n=58) 

7% (2,8 nmol/l, n=301) 

7% (21 nmol/l, n=304) 

Androstenedione 0,20 
13% (5,6 nmol/l, n=320) 

13% (19 nmol/l, n=318) 
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