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Chapter VIII 

Reference values for salivary testosterone in adolescent boys 

and girls determined using Isotope-Dilution Liquid-

Chromatography Tandem Mass Spectrometry 
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Abstract 

The measurement of testosterone in saliva is an attractive alternative to serum analysis due 

to the simple and non-invasive sample collection. In children and adolescents salivary testosterone is 

mainly measured to investigate whether puberty has started or not. This study aimed to establish 

reference values for salivary testosterone during puberty in boys and girls. We measured salivary 

testosterone using ID-LC-MS/MS in a cohort of 131 girls and 123 boys of whom each had salivary 

testosterone measured at two time points during puberty. Salivary testosterone concentrations start 

to increase with the start of puberty around eight years and continuously increase up to adult 

concentrations in the following ten years. Reference values were calculated using the Lambda-Mu-

Sigma (LMS)-curve fitting method and provided per year from 8 to 26 years of age in boys and girls. 



These reference ranges may help clinicians and researchers to interpret salivary testosterone results 

in both individual patients and study subjects. 

Introduction 

The measurement of steroid hormones in saliva is an attractive alternative to serum analysis 

due to the simple and non-invasive sample collection. Saliva samples are easily collected by patients 

or study subjects themselves by drooling their saliva in a simple polypropylene tube. This procedure 

needs no special training, is also suitable for older children and adolescents and can be performed at 

home or in field studies [1]. Salivary testosterone is one of the steroid hormones which is, in addition 

to cortisol, often requested for both clinical and research purposes. In children and adolescents 

testosterone is mainly measured to investigate whether puberty has started or not [2]. Reference 

values are available for children aged six to nine years old [3] as well as for adult males and females 

[5-7]. Reference ranges for children during puberty are still lacking.  

Several issues in salivary testosterone testing need to be addressed in order to obtain reliable 

results. The first issue is the necessity of a reliable method to measure salivary testosterone. As 

testosterone levels in saliva are in the picomolar range, in both males and females, a very sensitive 

method is needed. In addition, as many steroid hormones are very similar to testosterone, which can 

cause cross reactivity in the assays, a very specific method is needed. Immunoassays are often used 

for steroid hormone measurement, as by Ostatníková et al. [4]. However, immunoassays may suffer 

from cross reactivity and high variation. Nowadays, Liquid Chromatography Tandem Mass 

Spectrometry (LC-MS/MS), mainly due to its superiority in specificity and lower variation, is the 

method of choice to measure testosterone [9;10]. The second issue is the saliva sample collection 

method. Several types of saliva collecting methods are available. However, many do not offer reliable 

results [8], suggesting that the most straightforward saliva collection method (drooling directly into a 

simple polypropylene tube) is the most reliable one. 

The present study aimed to establish reference values for salivary testosterone during 

puberty in boys and girls. Saliva samples were collected by drooling into a polypropylene tube and 

salivary testosterone was measured using a sensitive and accurate LC-MS/MS method.  

Materials and methods 

The current study was part of a large longitudinal study, referred to as Braintime, conducted 

at Leiden University, the Netherlands [11]. All participants or their legal representatives gave 

informed consent. For the determination of reference values in the present study, 131 girls and 123 

boys of whom each had salivary testosterone measured at two time points during puberty from this 

larger cohort were included. Their salivary testosterone data were described earlier in a study 

concerning longitudinal changes in adolescent risk-taking [3]. At the first time point (T1), median age 

was 13.60 years (age range 8.01–24.55 years) for boys and mean age was 12.83 years (age range 

8.20–22.79 years) for girls. Approximately two years later (median time-difference 2.00 years; range 



time-difference 1.01 –2.86 years) all participants provided a second saliva sample. At the second time 

point (T2), median age was 15.57 years (age range 9.92–26.22 years) for boys and median age was 

14.84 years (age range 10.26–24.83 years) for girls. 

Saliva samples were collected by passive drool, immediately after waking up in the morning, 

and before eating or brushing teeth. Saliva was directly drooled in a polypropylene tube. Samples 

were sent to the laboratory and frozen at -20 ⁰C until analysis. Postmenarcheal females collected 

saliva on the seventh day of their menstrual cycle. Females using contraceptives interfering with the 

hypothalamic-pituitary-gonadal axis, such as oral contraceptives or hormonal intrauterine devices, 

were excluded.  

Testosterone concentrations in all saliva samples were analysed in duplicate at the Endocrine 

Laboratory, Department of Clinical Chemistry of the VU University Medical Center Amsterdam. 

Measurements of samples of which the duplicate measurement had a difference >15% were 

repeated. Salivary testosterone was determined by isotope dilution-liquid chromatography-tandem 

mass spectrometry (ID-LC-MS/MS). This method was described in detail earlier and was calibrated on 

an LC-MS/MS method for serum testosterone which was found to be concordant with a reference 

method [5;12]. In short, after thawing and centrifugation (30 minutes at 1900g), 200 µL saliva was 

pipetted in duplicate. After addition of internal standard ([2H5]-testosterone) and derivatization using 

methoxylamine hydrochloride, the samples were injected into a Symbiosis online solid phase 

extraction (SPE) and liquid chromatography system (Spark Holland, Emmen, The Netherlands) 

coupled to a Quattro Premier XE tandem mass spectrometer (Waters Corp., Milford, MA). Intra-assay 

coefficient of variation (CV) was 11%, 4%, and 2% at 10, 140, and 900 pmoL/L, respectively and inter-

assay CV was 5% at 200 and 2000 pmol/L, respectively. Mean recovery was 93% (SD 7%). 

Testosterone levels from 23 participants on T1 and 3 participants on T2 fell below the detection limit 

of 4 pmol/L. For the calculation of the reference ranges these samples were assigned a testosterone 

concentration of 2 pmol/L. Reference ranges for boys and girls (n=123 and n=131 for boys and girls, 

respectively: all subjects were sampled twice with a 2 years between the measurements) were 

calculated using the LMS method (lmsChartMaker) [13]. This is  a curve fitting method using 

Lambda((L) skewness), Mu ((M) median) and Sigma ((S) coefficient of variation) as variables to 

calculate percentile curves. 

Testosterone levels from 23 participants on T1 and 3 participants on T2 fell below the 

detection limit of 4 pmol/L. For the calculation of the reference ranges these samples were assigned 

a testosterone concentration of 2 pmol/L. Reference ranges for boys and girls (n=123 and n=131 for 

boys and girls, respectively: all subjects were sampled twice with a 2 years between the 

measurements) were calculated using the LMS method (lmsChartMaker) (6).  

Results 



The estimated percentiles (2.5%, 15.9% 50%, 84.1% and 97.5%) as well as the variables L 

(skewness), M (median) and S (coefficient of variation) are given per year in Table 1 for boys and in 

Table 2 for girls. SD-scores can be calculated using the following formula: SD-score = 

(Measurement/M)L - 1] / [L x S]. Figure 1 shows the individual data points as well as the fitted 

percentiles for boys and girls.  

 

Boys 

Age LMS parameter Percentiles [Testosterone] (pmol/L) 

(years) L M S 2.5% 15.9% 50.0% 84.1% 97.5% n 

  -1.96 SD -1.00 SD Median +1.00 SD +1.96 SD 

8 0.1 1.6 1.2 0.1 0.4 1.6 4.9 12.4 4 

9 0.1 3.4 1.2 0.2 1.0 3.4 10.1 24.9 8 

10 0.1 5.6 1.1 0.4 1.7 5.6 15.6 37.2 15 

11 0.2 15.6 1.1 1.2 4.8 15.6 41.0 91.0 22 

12 0.3 42.5 1.0 2.8 13.5 42.6 102.5 203.7 24 

13 0.4 84.5 0.9 4.2 27.6 84.5 184.4 328.9 31 

14 0.5 134.9 0.8 6.8 48.3 134.9 268.0 441.3 25 

15 0.5 186.7 0.7 18.8 78.8 186.7 341.9 536.1 29 

16 0.5 234.7 0.6 44.3 117.2 234.7 397.4 598.4 22 

17 0.4 276.5 0.5 79.8 157.9 276.5 438.1 638.4 22 

18 0.3 311.9 0.4 115.5 194.6 311.9 472.7 675.9 9 

19 0.2 341.5 0.4 143.2 223.4 341.5 504.9 715.6 10 

20 0.2 366.1 0.4 161.5 244.7 366.1 533.5 749.3 2 

21 0.2 386.2 0.4 172.5 260.7 386.2 554.2 764.3 2 

22 0.3 402.2 0.4 178.5 273.3 402.2 566.0 759.3 7 

23 0.5 415.1 0.3 181.8 284.4 415.1 569.6 740.8 2 

24 0.7 425.8 0.3 182.5 294.6 425.9 569.5 717.6 7 

25 1.0 435.5 0.3 178.0 303.2 435.5 569.3 698.8 2 

26 1.2 444.8 0.3 166.4 310.2 444.9 570.6 685.7 3 

Table 1: LMS-parameters and percentiles for salivary testosterone per year in 123 boys, measured twice with 2 years 

between the two measurements. The 2.5
th

  and 97.5
th

  percentiles form the boundaries of the reference range. 

 

Discussion 

We established salivary testosterone reference values for boys and girls during puberty in a 

cohort of healthy children. We demonstrated that salivary testosterone concentrations gradually 

increase during puberty. It is known that in most children serum as well as saliva testosterone 

concentrations start to increase with the start of puberty between seven and nine years and 

continuously increase up to adult concentrations in the following ten years [14-17]. This is in line with 

our findings. Ostatníková et al. found prepubertal salivary testosterone levels below 93 pmol/L and 

below 60 pmol/L in boys and girls aged six to nine years, respectively [3]. These levels are higher than 

those found in the current study in children aged eight and nine years (testosterone levels were 

below 25 pmol/L). This difference might be due to differences between the assays used to asses 

testosterone, a radioimmunoassay by Ostatníková et al. and LC-MS/MS in the current study. This 

underlines the importance of method specific reference values.  



 

Girls 

Age 

LMS 

parameter 
Percentiles [Testosterone] (pmol/L) 

(years) L M S 2.5% 15.9% 50.0% 84.1% 97.5% n 

-1.96 SD -1.00 SD Median +1.00 SD +1.96 SD 

8 0.1 2.9 0.6 0.7 1.5 2.9 5.4 9.3 9 

9 0.2 5.0 0.7 1.2 2.5 5.0 9.4 16.2 13 

10 0.2 7.8 0.7 1.8 3.9 7.8 14.4 24.8 26 

11 0.2 10.5 0.7 2.4 5.3 10.5 19.6 33.4 25 

12 0.2 13.3 0.7 3.0 6.6 13.3 24.5 41.5 33 

13 0.2 15.8 0.6 3.5 7.9 15.8 28.9 48.0 27 

14 0.3 18.1 0.6 4.0 9.0 18.1 32.4 52.5 27 

15 0.3 19.9 0.6 4.3 10.0 19.9 35.0 55.3 22 

16 0.4 21.6 0.6 4.7 11.0 21.6 37.0 57.2 19 

17 0.4 23.0 0.6 5.3 12.0 23.0 38.7 58.8 16 

18 0.4 24.3 0.6 6.2 13.2 24.3 40.2 60.4 9 

19 0.3 25.6 0.5 7.2 14.4 25.6 41.6 62.1 15 

20 0.3 27.0 0.5 8.5 15.7 27.0 43.0 63.8 5 

21 0.2 28.4 0.5 9.8 17.1 28.4 44.5 65.6 7 

22 0.2 29.7 0.5 11.3 18.5 29.7 45.8 67.3 7 

23 0.1 31.1 0.4 12.8 20.0 31.1 47.1 68.7 0 

24 0.1 32.4 0.4 14.4 21.6 32.4 48.2 69.7 2 

Table 2: LMS-parameters and percentiles for salivary testosterone per year in 131 girls  measured twice with 2 years 

between the two measurements. The 2.5
th

  and 97.5
th

  percentiles form the boundaries of the reference range. 

 

 



 

 Figure 1: Individual points 

and fitted percentile curves (2.5; 15.9;  50.0;  84.1; 97.5 percentiles) for salivary testosterone in boys (n=123) and girls 

(n=131). First measurement is indicated by     ; the second by     .  

The upper cut-off value found in young males and females above 19 years in the current 

study were clearly higher, than those reported in adults. Adult reference ranges for salivary 

testosterone reported earlier were 135-400 pmol/L [4], 73-343 pmol/L [5] and 64–356 pmol/L [6] for 

adult males and  <39 pmol/L for adult females [6]. One of the reasons for this difference is that due 

to the lower number of data points above 19 years in the current study, the reference ranges show 

increased variation. This might be due to a peak in testosterone concentrations occurring in the late 

teens and early twenties [15]. An earlier study on salivary testosterone concentrations in males 

between 18 and 30 years showed a reference range 190-680 pmol/L [7]. The difference between 

these values and those reported in the current study might be caused by assay differences as 
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mentioned earlier and is probably also caused by the younger age of the subjects in the current 

study.  

Our study has several strengths. First, samples for this study were collected in the morning 

which is optimal, as testosterone shows a circadian rhythm [18]. Secondly, saliva samples were 

collected and handled adequately [8]. Finally, we used an accurate method [4]. A limitation of this 

study is that these subjects were sampled twice. This seems to increase the number of observations, 

but might have influenced the final reference ranges since the same children have been analysed 

twice, rather than using samples from different children.  However, as a relatively large and 

heterogeneous group of healthy children was used in this study, it is unlikely that the analysis of 

more children using single collections would have severely altered the reference ranges found. In 

addition, we did not analyse testosterone levels in relation to pubertal stage. Although this might be 

interesting information for clinicians, we believe that conclusions about the start of puberty can also 

be drawn based upon these age-based reference values. In the present study, most measurements 

were between 10 and 17 years of age. At younger as well as older age the number of measurements 

is limited. This causes an increased variation in the reference values found in these ages. Further 

research, including more subjects aged below 10 and above 17 years of age, needs to be performed, 

in order to confirm the reference ranges presented in our study. 

In conclusion, we determined reference values testosterone in properly collected saliva 

specimens from boys and girls aged 8-26 years using a sensitive and accurate LC-MS/MS method. 

These reference ranges may help clinicians and researchers to interpret salivary testosterone results 

in both individual patients and study subjects.  
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