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Measurement of Dehydroepiandrosterone sulphate (DHEAS): 

a comparison of ID-LC-MS/MS and seven currently available 
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Abstract 

Background Dehydroepiandrosterone sulphate (DHEAS) is an important marker of the 

adrenal gland. Its measurement is required in several adrenal diseases, such as adrenal tumours, 

adrenal insufficiency and congenital adrenal hyperplasia. Most clinical laboratories measure DHEAS 

using commercially available immunoassays. The aim of the present study was to investigate the 

accuracy of currently available DHEAS methods.  

Methods Seven commercially available DHEAS assays were compared to ID-LC-MS/MS by 

measuring 75 serum samples (concentration range 0.06- 20.6 µmol/L measured by ID-LC-MS/MS) 

with each method. Moreover, recovery and linearity experiments were performed. Data from our 

present study were compared to DHEAS data of the Dutch, German and British External Quality 

Assessment Schemes (EQAS’s).  

Results Three methods agreed well with ID-LC-MS/MS (r between 0.93 and 0.99 and slopes 

ranging from 0.92 to 1.07) and showed good recoveries. Four methods showed standardization 

problems (slopes were 0.84, 1.14, 1.20 and 1.28). Linearity was good in all methods. Intra-assay 

coefficients of variation was 4.1% using ID-LC-MS/MS and below 5.5% in immunometric methods; 

one assay had an unacceptably high intra-assay coefficient of variation of 18%. Our data are in 

agreement with data obtained in three EQAS’s. 

Conclusion Some of the commercially available DHEAS methods show standardization 

problems and/or a high imprecision. These problems may potentially have clinically adverse 

consequences. We advise the manufacturers to improve their assays and laboratory specialists to 

scrutinize the DHEAS method they employ. 

 

Introduction 

Dehydroepiandrosterone sulphate (DHEAS) is an important marker of the adrenal gland. It is 

produced in the adrenal cortex and functions as a precursor of androgens and estrogens.  DHEAS is 

the most abundant steroid hormone in humans and provides the peripheral target tissues a large 

reservoir for conversion into sex steroids [1;2]. Further to the established role as sex steroid 

precursor, it has been suggested that DHEAS also plays a role in several disease states, such as 

cardiovascular disease, immunological disorders, psychiatric pathology and degenerative diseases as 

well as ageing processes [3]. Therefore, DHEAS is often assessed in research settings. In clinical 

practice, measurement of DHEAS is required in cases of adrenal tumours, adrenal insufficiency, 

congenital adrenal hyperplasia, or when other adrenal diseases are suspected [4;5]. 

Most clinical laboratories measure DHEAS using one of many commercially available 

immunoassays. However, in steroid hormone analysis Isotope-Dilution Liquid Chromatography 



Tandem Mass Spectrometry (ID-LC-MS/MS) is becoming more and more common, due to its 

superiority in terms of sensitivity and specificity in comparison with currently available 

immunoassays [6;7]. Recently, an accurate, specific and sensitive ID-LC-MS/MS method to determine 

DHEAS in serum and cerebral spinal fluid (CSF) was developed in our laboratory [8].  

To investigate the performance of the currently available immunoassays we compared seven 

routine DHEAS immunoassays with our ID-LC-MS/MS method. The aim of the present study was to 

investigate whether the routine DHEAS assays are accurate.  

 

 

Materials and Methods 

Samples Serum samples were obtained from 75 patients who visited the outpatient clinic of 

the VU University Medical Center in May 2012. There were no selection criteria. All subjects provided 

written informed consent. All samples were handled identically: after centrifugation, the samples 

were aliquoted and kept frozen at -20 °C until analysis took place. Storage time of specimens did not 

exceed 2 months. 

Method comparison Seven commercially available DHEAS assays were compared to ID-LC-

MS/MS. The ID-LC-MS/MS method was described earlier [8]. In short, samples were analyzed on a 

Symbiosis online SPE system (Spark Holland, Emmen, The Netherlands) coupled to a Quattro Premier 

XE tandem mass spectrometer (Waters Corp., Milford, MA) after addition of deuterated internal 

standard ([
2
H6]DHEAS) and a protein precipitation step using acetonitrile. All samples were analyzed 

using this method at the Endocrine Laboratory of the VU University Medical Center. Six of the 

currently available assays are automated assays performed on Access (Beckman Coulter, Fullerton, 

CA; lot no.119082), Advia Centaur XP (Siemens Diagnostics, Erlangen, Germany; lot no. 110016), 

Architect i2000SR (Abbott Diagnostics, Lake Forest, IL; lot no. 00512C000), Immulite 2000 (Siemens 

Diagnostics, Erlangen, Germany; lot no. 275) Liaison (Diasorin, Sallugia, Italy; lot no. 118029), 

Modular Analytics E170 (Roche Diagnostics, Indianapolis, Indiana; lot no. 00167453). One assay was a 

Radioimmunoassay (RIA) (Siemens Diagnostics, Erlangen, Germany; lot no. TKDS2 1112). All seven 

routine assays are competitive assays, where DHEAS in the sample competes with labelled DHEAS for 

binding to assay specific antibodies. Analyses using Advia Centaur XP, Architect, Liaison, Modular and 

the RIA were performed at the Endocrine Laboratory of the VU University Medical Center. Analyses 

using Access and Immulite 2000 were performed at Eurofins Medinet, Global Central Laboratory.  

Recovery and linearity experiments  Five serum samples were spiked with exogenous DHEAS 

to perform recovery experiments. Of these, two samples had DHEAS concentrations between 1.5 and 

3.0 µmol/L; these were spiked with 2.88 µmol/L DHEAS. Three samples had DHEAS concentrations 

between 4.5 and 10 µmol/L and were spiked with 8.05 µmol/L. This was obtained by addition of 5 



and 14 µL of a solution of 0.0996g dehydro-isoandrosteron-3-sulfate sodium salt dihydrate 

(molecular weight: 426.5 g/mol) (Lotnr: #071M1482V, Sigma-Aldrich, St. Louis, MO) in 100 mL 

ethanol absolute (Merck, Darmstadt, Germany)) to 4 mL serum of the samples of the first and the 

second group, respectively. After the addition of the DHEAS solution the samples were vortexed and 

aliquoted. Subsequently, these samples were kept frozen at -20 °C until analysis took place. Two 

samples were selected to assess linearity. One with a concentration of approximately 4.5 µmol/L and 

another with 10 µmol/L. Both samples underwent a series of dilutions (two-, four-, eight- and sixteen 

fold dilution) using the respective diluents according to the manufacturer’s instructions. Dilution 

series for the ID-LC-MS/MS method were prepared using MilliQ water (Millipore ReferenceA+). All 

dilutions were performed immediately before analysis.  

Comparison with EQAS data Additionally the present data were compared to data obtained 

in three External Quality Assessment Schemes (EQAS) during 2011. The mean values measured with 

the seven methods investigated in the present study in the 2011 surveys of the Dutch EQAS (Stichting 

Kwaliteitsbewaking Medische Laboratoriumdiagnostiek (SKML)) and the British EQAS (United 

Kingdom National EQAS (UK NEQAS)) were collected. These values were compared to the All 

Trimmed Mean (ALTM) obtained in the same samples using Passing and Bablok regression analyses. 

Using data of the German EQAS (Referenzinstitut für Bioanalytik (RfB)) same analysis was performed 

using medians instead of means, as only medians were available.  

Statistical analysis  The DHEAS concentrations measured by immunoassays were compared 

to concentrations measured by ID-LC-MS/MS. We calculated Pearson’s correlation coefficients and 

performed Passing-Bablok regression analyses, using the mean [DHEAS] of each duplicate. Intra-

assay coefficients of variation (CVs) were calculated from duplicate variation using the formula: CV % 

= square root{((∑ (a-b)
2
)/2N)(N/∑)}, where ∑ was the sum, a and b were the duplicate 

concentrations of the respective method and analyte, N was total number of duplicates and  was 

the mean analyte concentration of a and b. Recoveries were calculated using the following formula: 

Recovery % = (([DHEAS] spiked sample - [DHEAS]sample without addition )/ [DHEAS]added *100% and were 

expressed as means and standard deviations. A linear regression was performed to assess linearity in 

the dilution series. All analyses were performed using MedCalc 9 (MedCalc Software, Mariakerke, 

Belgium) and Microsoft Excel 2007.  

Results 

Samples There were no icteric and/or haemolytic samples. One sample was lipemic (lipemic 

index measured by Modular (Roche Diagnostics) was 303). As the measured concentration of this 

lipemic sample did not out lie in the comparison, it was assumed that the lipemia did not interfere in 

the investigated assays.  

Method comparison Each method was compared separately to ID-LC-MS/MS. Results from 

the Passing and Bablok analyses and Pearson’s correlation coefficients are shown in Figure 1. The 



intra-assay CVs were 4.1%, 3.1%, 18%, 2.5%, 4.9%, 5.5%, 4.5% and 1.9% using ID-LC-MS/MS, 

Beckman Access, Siemens Advia Centaur XP, Abbott Architect, Siemens Coat-a-Count RIA, Siemens 

Immulite 2000, Diasorin Liaison and Roche Modular, respectively (see Table 1). Siemens Advia 

Centaur XP performed poorly in terms of reproducibility between duplicates which for some were up 

to twofold between each other. This performance is also reflected in the overall CV of 18 %.  

Recovery and linearity experiments Recoveries found per method were expressed as means 

± standard deviations and were 101 ± 4.1 %, 103 ± 8.0 %, 113 ± 9.6 %, 137 ± 7.5 %, 80 ± 13.5 %, 102 ± 

13.4 %, 107 ± 18.7 %, 123 ± 8.3 %  using ID-LC-MS/MS, Beckman Access, Siemens Advia Centaur XP, 

Abbott Architect, Siemens Coat-a-Count RIA, Siemens Immulite 2000, Diasorin Liaison and Roche 

Modular, respectively. Recoveries are also shown in Table 1. The linearity experiments revealed r > 

0.99  in all investigated methods, see Figure 2 for data per method. 

  Intra-assay CV Recoveries 

Beckman Acces 3.1% 95-115 % 

Abbott Architect 2.5% 126-142 % 

Siemens Immulite 2000 5.5% 87-119 % 

Roche Modular 1.9% 115-136 % 

Siemens Advia Centaur XP 18.0% 103-126 % 

Siemens RIA 4.9% 61-85 % 

Diasorin Liaision 4.5% 76-120 % 

ID-LC-MS/MS 4.1% 97-108 % 

Table 1: Intra-assay CVs and recoveries per method. 

 

Interference Four of the assays, Siemens Advia Centaur XP, Abbott’s Architect i2000SR, 

Diasorin’s Liaison and Roche’s Modular, showed one or more obvious outliers in the method 

comparison plots. These four assays use mouse-antibodies, whereas the other investigated methods 

use rabbit-antibodies. The outliers were therefore thought to be caused by Human Anti-Mouse 

Antibodies (HAMAs). The presence of HAMAs was tested in the most extreme outlier by adding 

mouse serum and re-measuring the sample using the Abbott’s Architect i2000SR and Diasorin’s 

Liaison. The concentration did not decrease after addition of mouse serum.  

Blocking Tube (both Scantibodies, Villebon-sur-Yvette, France) and re-assessment using the 

Abbott’s Architect i2000SR and Diasorin’s Liaison did not reduce the measured concentration. It was, 

therefore, not possible to prove the presence of HAMAs or other interfering antibodies. But seeing as 

the sample did not show a linear response to dilution using Abbott’s Architect i2000SR and Diasorin’s 

Liaison, in addition to the obvious difference in measured concentration between the mentioned 

methods and ID-LC-MS/MS, the presence of an interfering factor in this sample is very likely. 

Passing-Bablok analysis corrects for such outliers: the Passing-Bablok equation of the 

comparison of the Abbott’s Architect i2000SR and ID-LC-MS/MS was y  = 0,24  + 1,28 x with inclusion 



of the outlier, whereas the same comparison without the outlier revealed a similar equation 

(y  = 0,23  + 1,28 x). Therefore, we did not exclude the outlier from the analyses. 

Comparison with data  from External Quality Assessment Services (EQAS) In Table 2 the 

Passing and Bablok regression formulas are shown together with those obtained from the 2011 data 

of the Dutch EQAS (SKML), the British EQAS (UK NEQAS) and the German EQAS (DGKL (RfB)) surveys. 

The 2011 survey of the UK NEQAS included results from two to three LC-MS/MS methods. The results 

obtained by LC-MS/MS were compared to the ALTM of the respective samples. Regression analysis 

according to Passing and Bablok revealed the following formula: y = -0,10  + 0,96  x.   

Figure 1: Passing and Bablok 

regression analyses and Pearson correlation coefficients of each method compared to ID-LC-MS/MS. Measured 

concentrations in 75 serum samples, regression lines and Pearson correlation coefficients are plotted in the graphs; their 

slope, intercept and correlation coefficient r  are given in the included table. All [DHEAS] are given in µmol/L. ----- y = x. 

 

 

 



Figure 2: Linearity 

experiments using the different methods. Measured concentrations are plotted against expected values. All [DHEAS] are 

given in µmol/L. ____ y = x;     • sample 1;   ° sample 2. 

  



  

Compared to 

LCMS present 

study 

Compared to 

ALTM of 

UKNEQAS 

Compared to 

ALTM of DEQAS 

Compared to 

group median of 

DGKL 

  

  

ALTM vs MS 

(n=2-3) 

UKNEQAS     

Beckman Acces 
y  = 0.2  + 1.1  x

  

y  = 0.3  + 1.0  x 

(n = 1-2) 

y  = -0.2  + 1.1  x   

(n = 1-2) 

y  = 0.2  + 0.9 x  

(n = 16-18) 

Abbott 

Architect 

y  = 0.2  + 1.1  x 

 
    

y  = -0.4 + 1.0  x  

(n = 16-18) 

Siemens 

Immulite 2000 

y  = 0.2  + 1.3  x 

 

y  = -0.5  + 1.3  x   

(n = 3-4) 

y  = -0.0  + 1.2  x  

(n = 1-2) 

y  = -0.2  + 1.1  x   

(n = 25-30) 

Roche Modular 
y  = 0.4  + 0.8  x 

 
  

y  = -0.0  + 0.9  x   

(n = 4) 

y  = -0.0  + 0.,9  x  

(n = 6-10) 

Siemens Advia 

Centaur XP 

y  = 0.1  + 1.0  x 

 

y  = -0.2 + 1.0  x  

(n = 23-49) 

y  = -0.1  + 1.0 x   

(n = 16-21) 

y  = -0.0  + 0.9  x  

(n = 163-172) 

Siemens RIA 
y  = 0.1  + 0.9  x 

 
    

y  = -0.3  + 0.9  x  

(n = 5-8) 

Diasorin 

Liaision 

y  = 0.3  + 1.2  x

  

y  = 0.2  + 1.1 x   

(n = 7-21) 

y  = 0.2  + 1.1  x   

(n = 7-9) 

y  = 0.,2  + 1.1  x  

(n =  120-129) 

Table 2: Comparison of the present data with data from three EQAS. The mean values per method measured in the 2011 

surveys of the Dutch EQAS (SKML) and the British EQAS (UK NEQAS) were compared to the All Trimmed Mean (ALTM) using 

Passing and Bablok regression analyses. Using data of the German EQAS (DGKL) same analysis was performed using 

medians instead of means. The minimum and maximum number of users of the respective methods are depicted between 

brackets. 

 

Discussion and Conclusion 

 

In the present study seven commercially available immunoassays for measuring DHEAS were 

compared to ID-LC-MS/MS. Three of the methods studied, Beckmann Access, Siemens Immulite 2000 

and Diasorin Liaison, agreed well with ID-LC-MS/MS (slope between 0.92 and 1.07). Three methods, 

Abbott Architect, Siemens Advia Centaur XP and Roche Modular, measured higher DHEAS 

concentrations compared to ID-LC-MS/MS (slope between 1.14 and 1.28); one method, Siemens 

Coat-a Count RIA, measured lower concentrations than ID-LC-MS/MS did (slope 0.84). The ID-LC-

MS/MS method is standardized on accurately weighted standard solution and showed recoveries of 

101 ± 4.1 % (mean ± SD). The observed difference in standardization between ID-LC-MS/MS and four 

of the investigated methods is therefore most likely due to standardization problems of the four 

abovementioned methods, as three methods correlated neatly with ID-LC-MS/MS while the four 

other methods each show a different deviation from the measured values using ID-LC-MS/MS.  These 

standardization problems may also explain the high or low recoveries upon DHEAS addition using 

Siemens Advia Centaur XP, Abbott Architect, Siemens Coat-a Count RIA and Roche Modular. The 

standardization problems of the aforementioned methods could potentially have adverse clinical 

consequences, especially because the reference intervals as provided by the manufacturers of these 

methods are not set higher or lower, respectively, compared to other methods. We would 

recommend to re-standardize these assays in order to avoid potentially misleading diagnostic 

information that may result in unnecessary interventions and/or erroneous therapeutic decisions.  

 

 Reference values in males Reference values in females 



Beckman Acces 0.14 – 18.7 0.19 – 10.6 

Abbott Architect 1.3 – 16.1 0.8 – 13.9 

Siemens Immulite 2000 2.1 – 15.2 0.95 – 11.7 

Roche Modular 0.44 – 13.4 0.26 – 11.0 

Siemens Advia Centaur XP 0.94 – 15.4 0.70 – 12.5 

Siemens RIA 0.76 – 17.4 0.35 – 10.3 

Diasorin Liaision 1.1 – 15.2 0.90 – 9.2 

Table 3: Reference intervals as indicated by the manufacturers in adult males and females. Ranges were taken from the 

respective manuals. If reference intervals were indicated per age group, the lowest and highest mentioned concentration 

were taken. All concentrations are given in µmol/L. 

 

The Siemens Advia Centaur XP showed an unacceptably high intra-assay CV. To confirm our 

findings the measurements were repeated with the help of Siemens Diagnostics using the initially 

used, as well as two other, instruments in two different laboratories using different reagent lots. 

These re-measurements confirmed our primary data. The poor reproducibility of this assay was 

unlikely to be caused by sample characteristics as this phenomenon appeared to occur randomly and 

was not limited to specific samples. This too may lead to potentially adverse clinical consequences.  

Recently, a TurboFlow-LC-MS/MS method measuring DHEAS among other steroids was 

compared to the Immulite 2000 using serum samples of 38 pre-pubertal children [9]. These authors 

reported a reasonably good correlation between their LC-MS/MS method and the Immulite 2000, 

which is in line with our findings. However, their scatter plot seems to show more outliers than ours. 

This might be due to the lower DHEAS concentrations in pre-pubertal children compared to the 

adults in our study as well as differences in the serum steroid profile of children compared to adults. 

The other commercially available DHEAS assays have not yet been compared to LC-MS/MS methods. 

But, findings from the British, German and the Dutch EQAS’s show a similar picture as the findings in 

our comparison study. It is therefore tempting to speculate that the results obtained in the present 

study, using only one reagent lot per method, can be generalized to other lots. The minor differences 

between our results and those of the EQAS data may be, at least partly, explained by the fact that in 

the German EQAS a relatively high number of participants are Modular users, while in both the 

British and the Dutch EQAS programs the ALTM is mainly determined by the preponderance of 

Immulite users. This leads to different group medians between the British/Dutch and German EQAS 

data. 

 

In conclusion, three of the currently available DHEAS assays were in agreement with our ID-

LC-MS/MS method. Four assays have standardization problems. One of these assays has an 

unacceptably high intra-assay CV. We advise the manufacturers to improve their assays and 

laboratory specialists to scrutinize the DHEAS method they employ. 
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