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Chapter X 

Salivary steroid hormone analysis: why the way of sample 

collection and the analytical method matter 
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Introduction 

The measurement of steroid hormones, such as cortisol and testosterone, in saliva, is more 

and more applied in psychological studies. Salivary steroid concentrations are thought to reflect the 

serum concentrations of these hormones and are therefore used as an intermediate measure to 

investigate the relationship between hormone biology and psychology [1]. Steroid hormone 

measurement in saliva however is complex. Mainly because of the low concentrations in saliva and 

the structural similarity of steroid hormones, which can cause cross reaction in the assays. For these 

reasons a highly sensitive and specific method is needed to obtain reliable results. In daily practice 

many different assays are used for salivary steroid measurements and not all assays are equally 

reliable.  

We illustrate the consequences of using an unreliable method with the following study.  In a 

study concerning the relation between authoritarian leadership and salivary testosterone 

concentrations 42 saliva samples were measured for testosterone in two different laboratories. 

Testosterone was measured in the same samples using an immunoassay (Salimetrics, samples were 

measured singular) in one laboratory and using a LC-MS/MS method (method described earlier in 

detail [2]), samples were measured in duplicate, mean concentrations of the duplicate were used for 

further analysis) in another laboratory. The Passing-Bablok regression analysis to compare both 

methods is shown in Figure 1 and reveals the following: slope 2.90 (2.05 to 4.44 (95% C.I.)); intercept 

-154 (-390 to -21.7). The correlation coefficient (r) is 0.6865, which is unacceptable for a method 

comparison [3]. Together these analyses show that the two analytical methods are not comparable. 

Most probably a high variation combined with possible cross reactivity in the immunoassay as well as 

a standardization difference is responsible for this. Probably also the singular analysis using the 

immunoassay contributed to the found differences. When calculating the association between 

authoritarian leadership and testosterone with a correlation coefficient (r), we found that the 

conclusion regarding the association depended on the analytical method used. The association 

between authoritarian leadership and salivary testosterone measured using the immunoassay was 

significant (r=0.375 (p=0.02)), whereas the association between authoritarian leadership and salivary 

testosterone measured using the LC-MS/MS method was not (r=0.122 (p=0.46)).  



 

Figure 1: Passing-Bablok regression analysis to compare [Testosterone] measured by an Immunoassay (Salimetrics) and 

LC-MS/MS. ____ regression line; ----- 95% C.I. of regression line; ……. x=y. Slope regression line 2.90 (2.05 - 4.44 (95% C.I.)); 

intercept regression line -154 (-390 - -21.7); r 0.6865. 

 

This example illustrates that the choice of analytical method can have a remarkable influence 

on the conclusion drawn from a study. Therefore, attention should be paid to the accuracy of 

measurement techniques by researchers using hormone measurements as an outcome of their 

study. In addition to the analytical method used, pre-analytical circumstances can influence the 

reliability of the salivary steroid hormone results as well. This paper aims to describe the advantages 

and pitfalls in salivary hormone preanalysis and analysis in order to help researchers using these 

measurements to design a reliable study.  

Pre-analysis: sample collection and storage 

Several different ways of saliva sample collection are used. The most straightforward way is 

to collect unstimulated, total saliva by waiting until saliva is produced and spitting in a tube. 

However, some subjects have a very low passive saliva production. Therefore, often stimulated saliva 

(without device) is used for analysis instead of saliva obtained by passive drool. For some steroid 

hormones such as cortisol and testosterone there is no difference in hormone concentration 

between unstimulated and stimulated saliva [4]. However, commonly used devices used to stimulate 

saliva production highly influence for instance testosterone concentrations. Synthetic Salivette® 

swabs (Sarstedt) dramatically lower the salivary testosterone concentration, most probably by 

absorption of the hormone. In contrast, cotton Salivette® swabs (Sarstedt) cause a remarkable 

increase in testosterone concentrations possibly by contamination of plant steroids. Chewing gum 

decreases salivary testosterone concentrations when compared to passive saliva [4]. Also other, less 

common devices, such as Quantisal® (Immunalysis) and SCS® (Greiner-BioOne) were found to cause 



similar problems [5]. Although cortisol levels are not influenced by any of these devices the 

concentrations of steroids like androstenedione, dehydroepiandrosterone (DHEA) and estradiol are 

also affected by several collection devices [4;6]. For this reason swabs as well as chewing gum are not 

recommended for the analysis of testosterone and most other steroids.  

Another preanalytical issue is leakage of blood into the saliva. As hormone concentrations 

are much higher in blood when compared to saliva, already very subtle leakages can falsely elevate 

hormone concentrations in saliva [7]. Therefore, in general, participants undergoing salivary testing 

should be asked to avoid dental work days before and avoid tooth brushing, eating and drinking 

anything but water one or more hours prior to sample collection [8;9]. This procedure as well as a 

visual check of the oral cavity for cuts and abrasions or a visual check of the saliva sample does not 

completely exclude the possibility of blood leakage. At this moment there is no agreement on 

whether there is necessity to screen saliva samples for blood contamination and there is also no 

consensus on the most reliable method to quantify blood contamination. Kivlighan et al. showed that 

both Hemastix® reagent strip for haemoglobin and transferrin measurement in saliva might be 

valuable instruments to detect blood leakage in saliva samples [10]. Their data also show that blood 

leakage, detected by these methods, was only present within 45 minutes after micro injury (tooth 

brushing) [10]. Therefore, it seems reasonable to stick to the protocol avoiding tooth brushing and 

eating one hour before sample collection. 

Finally, we mention the issue of the stability of samples. Usually, saliva samples are frozen 

soon after collection and re-thawn for analysis. This freeze-thaw cycle is necessary to break down the 

mucopolysaccharides, because these components interfere with pipetting, performed during the 

analysis. Salivary testosterone levels were found to remain stable when the sample is stored 5 days 

at room temperature as well as at 4 °C, over 6 months at -20 °C and 3 years at -80 °C. It is unclear 

whether longer storage influences the testosterone concentrations [8]. Concentrations of cortisol 

were found to decrease around 10% per month in samples stored at room temperature, but remain 

stable for 3 months at 5 °C and for 1 year at  −20°C and −80°C. Cortisol levels were not influenced by 

repeated freezing and thawing of the samples up to four times [11]. Based on these data, it seems 

possible to collect saliva in field studies using self-sampling at home and returning the saliva samples 

by mail to the laboratory within a few days. 

Analytical methods: advantages and pitfalls 

One of the difficulties in salivary hormone measurement is the analytical method used for 

hormone analysis.  Every analytical method has a certain amount of variation. This variation is 

often shown as the intra-assay and inter-assay coefficients of variation (CV). Intra-assay variation, 

also called within run variation, is a measure for the accuracy of repeated measurements in one 

sample. Inter-assay variation, also called between run variation, is a measure for the accuracy of an 

assay from day-to-day. Usually, an inter-assay CV below 10% is fine; a CV below 15% is acceptable in 

the lower range of concentrations. By definition is the concentration with an inter-assay CV of 20% 



the lowest concentration that can reliably being measured, the so-called Lower Limit of Quantitation. 

To minimize the error caused by the intra-assay variation samples are usually measured in duplicate 

and the average of both duplicates is used for further statistical analysis or clinical diagnostics. This 

duplicate measurement is most important in assays including manual pipetting. A difference of 15-

20% between the duplicates is usually reason to repeat the measurement as a pipetting error or 

another problem in one of the measurements is then likely. Although duplicate testing is common 

sense this is not always performed due to financial reasons, leading to a higher variation in the 

results.  

Before using an assay for clinical or research purposes a validation to proof the accuracy of 

an assay is needed. Manufacturers validate their assays before bringing them to the market and 

provide their validation data in the assay supplement. But, as manufacturers have also other 

interests than providing accurate assays or have not validated the assay for the sample type you are 

dealing with, an assay needs validation in the laboratory before using it in diagnostics and research. 

The minimum validation needs to provide information on variation (intra-assay and inter-assay CVs), 

trueness (e.g. linearity and recovery), selectivity and sensitivity of the assay investigated. For the 

validation experiments it is necessary to use sample matrix which will be also used for diagnostics 

and research after the validation. Experiments to perform in method validation are described by 

Theodorsson et al.  [12]. If the results of the validation are not satisfying, than the assay should not 

be used for diagnostic or research purposes. In research articles showing data on hormone 

concentrations this information on the analytical method should be provided. The minimum 

information needed to judge whether a method is reliable for the presented study includes above 

mentioned data from an own validation  as well as the name and manufacturer of the assay.  

It is only possible to combine different analytical methods for one hormone in a study if it is 

proven that both methods agree with each other. Methods can differ quite a lot from each other for 

several reasons, as was shown in our example. There might be differences in standardization that 

causes a structural difference between two methods. Where the standardization difference allows to 

re-calculate the values from one method into another, an unreliable assay, due to a high variation or 

as it suffers from cross reactivity  does exclude such a possibility.  

Measurement of steroids in saliva is complex, in particular due to their low concentrations in 

saliva. Next to that, a strong structural similarity between the different steroid hormones can cause 

cross-reactions in the assays [13]. Highly sensitive and specific methods are therefore needed to lead 

to reliable results. Salivary steroid hormones are nowadays measured by either immunoassays 

(radioimmunoassay (RIA), enzyme-linked immunosorbent assay (ELISA) or automated 

electrochemiluminescent assay (ECLIA)) or by liquid-chromatography tandem mass spectrometry (LC-

MS/MS). Immunoassays are often relatively easy methods for laboratories, but are prone to suffer 

from cross reaction and other problems [13], which will lead to unreliable results and finally false 

conclusions. LC-MS/MS is a very sensitive and specific technique, but the complex instruments need 

trained technicians and most often also a laborious sample pre-treatment. The LC-MS/MS technique 



is nowadays recommended for steroid hormone analysis, mainly because of its high specificity 

[14;15].  

Conclusion 

We have shown that the choice of analytical method in salivary hormone analysis is vital for 

reliable results and can influence your conclusions. Furthermore, we outlined which factors should 

be taken into account during pre-analysis: sample collection and storage. Last, we aimed to provide 

an overview of advantages and limitations of assays and factors to pay attention to in method 

validation. Researchers should be aware of the limitations and possibilities in pre-analysis and 

analysis and ask for support of laboratory specialists if needed. 
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