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Abstract

Male testosterone concentrations gained recent attention in
the field of andrology. Various epidemiological cohort studies
presented associations of low serum testosterone concentra-
tions with incident cardiovascular risk factors and increased
mortality risk. Furthermore, low serum testosterone concen-
trations are integral part for the diagnosis of late-onset hy-
pogonadism. Because of their high validity and throughput,
mass spectrometry assays have replaced conventional immu-
noassays for testosterone measurement, and are believed to
become the “gold standard” for sex hormone quantitation.
This article will focus on challenges in the measurement of
serum testosterone concentrations and will provide practical
information on the interpretation of serum testosterone mea-
surements.
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Introduction

In recent years increasing interest in the definition of hypo-
gonadism or the aging male has developed in the field of
andrology. The terms “aging male”, PADAM (partial andro-
gen deficiency in the aging male), climacterium virile or
andropause describe hormonal changes caused by reduced
testosterone secretion and the resulting physical and psycho-
logical symptoms.

Although there are no specific symptoms of androgen de-
ficiency, there is a discussion that physical complaints like
erectile dysfunction, decreased libido, muscle weakness or
osteopenia as well as psychosocial aspects like fatigue or de-
pression are testosterone-associated [1]. In addition, numer-
ous observational studies presented during the last few years
showed an inverse correlation between testosterone concen-
tration and known cardiovascular risk factors like adiposity
[2], lipid metabolism disorders [3] and hepatic steatosis [4].
Prospective observational studies produced evidence that a
low testosterone concentration in serum can be considered a
biomarker for the development of dyslipidemia [3], meta-
bolic syndrome [5], Type 2 diabetes [6] or hypertension [7]
or that a low testosterone concentration is a potential risk
factor of cardiovascular end points [8] and increased mortal-
ity [9] in males (Figure 1). Evaluating the soundness of tes-
tosterone measurements and their clinical implications, how-
ever, requires knowledge of various biological, pre-analytical
and analytical factors of influence (Table 1).

Biological influences on testosterone
measurement

Testosterone is the dominant male sexual hormone and is
produced in the testes throughout life [10]. In serum, testos-
terone is bound predominantly to sex hormone-binding glo-
bulin (SHBG) and albumin, while only about 2% are present
in free form. Besides minor but detectable seasonal varia-
tions [11], the mean testosterone concentration is subject to
distinct circadian rhythms with higher concentrations in the
morning and 30% to 50% lower evening concentrations [12,
13]. Therefore, current guidelines for diagnosing testosterone
deficiency invariably recommend that blood samples should
be collected repeatedly at the same day time between 7 a.m.
and 11 a.m. [14]. The fasting state at the time of blood col-

Figure 1 (online only) Low male serum testosterone concentration
as biomarker for various cardiometabolic risk factors.
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lection is yet another biological factor of influence [15]. An
intervention study showed that the standard oral dose of 75 g
glucose reduces the fasting testosterone concentration by
15% for up to three hours [16]. Chronic stress and/or a nega-
tive subjective assessment of health could also lower testos-
terone concentrations [17].

Hence, the individual testosterone concentration is to a
considerable degree subject to lifestyle influences. Healthy
nutrition, weight control, as well as physical activity could
positively influence the age-related, secular decline of male
testosterone concentrations [18]. Beginning at the age of
forty this decline amounts to approx. 1% to 2% per year
[19]. With the addition of an accompanying illness or medi-
cation, the decline of testosterone concentration is clearly
more pronounced [20]. The physiologic testosterone concen-
tration is therefore age-dependent and subject to fluctuations
ranging from 6.2 to 32.2 nmol/L [21]. Particularly the free
testosterone fraction in serum declines even more with ad-
vancing age, caused by the increase in SHBG. Generally, the
testosterone concentration of an individual shows a random
distribution in the range of the subject’s individual, diagnos-
tically relevant mean level. This intra-individual variability is
approx. 9% [22]. Since the intra-individual variability cannot
be changed, the potential for a quality improvement of analy-
tical precision lies in the optimization of pre-analytical and
analytical factors.

Pre-analytical influences on testosterone
measurement

To minimize pre-analytical factors of influence, a standar-
dized method of blood collection is absolutely essential.
Prior to venipuncture the patient should lie or sit for 15 min-
utes and torniquet application should not exceed one minute.
Generally the sample material used should be serum. The
Siemens Centaur Assay (Siemens Medical Solutions Diag-
nostics), for example, is validated solely for testosterone
measurements in serum [23]. Even the immediate transport
of the sample has some influence. Samples that have been
stored at room temperature for more than 24 hours show a
higher testosterone concentration [24], whereas testosterone
concentrations remain nearly unchanged when samples are
stored at room temperature for up to six hours or at 4°C for

up to 48 hours [23]. Even long-term storage of more than 40
years at �25 °C has no appreciable influence on the reliabil-
ity of subsequent measurements [25, 26]. Although manufac-
turers do not recommend the repeated thawing and freezing
of any serum samples to be measured, a study demonstrated
stable testosterone concentrations even after twelve freeze-
thaw cycles [27].

Analytical influences on testosterone
meansurement

The extensively automated procedures for analyzing serum
testosterone concentrations presently used in routine diagnos-
tics are based on immunologic methods that differ only in
their various principles, e.g. homogeneous or heterogeneous
preparation, and in the measurement technique for quantify-
ing the immunologic reaction. The detection markers used
are isotopes (RIA), enzymes (EIA, ELISA), fluorescence- or
chemiluminescent compounds (e.g. ECLIA) [28]. The central
quality criteria for evaluating the diagnostic capacity of a tes-
tosterone measurement are their selectivity, which in immune
procedures is essentially determined by the specificity of the
antibodies used. However, even with modern immunoassays
there is not absolute selectivity for measuring testosterone
and cross-reactivities between 1.9% and 5.4% are of little
practical importance [29].

The variation coefficient, as a measure of the reproducibil-
ity of the result of an analysis, lies between approx. 2% in
the upper and 7.5% in the subnormal measuring range of tes-
tosterone concentration, while in the diagnostic range of
12 nmol/L immunologic procedures achieve a variation coef-
ficient of 5% to 7% [29, 30]. At present, the internationally
recognized reference method for the reference value standar-
dization of immune procedures for testosterone detection is
the isotope dilution mass spectrometry. According to the
German Medical Association’s guidelines for quality assur-
ance in quantitative medical laboratory tests the maximum
allowable deviation of a measured testosterone value from
the reference method value is 42%, a target missed by 20%
of the participants in the most recent interlaboratory tests of
January 2006 [29]. The interlaboratory test conducted by the
College of American Pathologists (CAP) in 2008 also de-
monstrated a significant lack of specificity of the current
standard immune procedure for testosterone detection. The

Table 1 Criteria of the analytical capacity of testosterone measurements.

Influence factors of testosterone measurement

Biologic factors Pre-analytic factors Analytic factors

Continuous physiologic decline of
male testosterone concentrations

Standardized blood collection
technique

Cross-reactivities

Intra-individual variability caused by general
physical condition and co-morbidities

Sample management Variation coefficient (sensitivity / specificity)

Distinct circadian rhythm Sample storage Assay platform

Fasting status Reagents
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lowest mean value measured (52.6 ng/dL) differed from the
highest mean value measured (148.7 ng/dL) by a factor of
2.8. In contrast, the factor measured by means of mass spec-
troscopic methods was 1.4 (low pool) or 1.2 (high pool)
[31]. Another comparison study showed that up to 50% of
testosterone concentrations detected through single immu-
noassays were outside the ±20% range of the exact value
measured by means of mass spectrometry [32].

However, objections concerning the validity of immunolo-
gic testosterone measurements in population studies [33], ex-
pressed in view of these marked differences, were disproved
through several comparison studies [30, 34]. But because of
the sometimes substantial differences in measured absolute
testosterone concentrations [30, 34] immunologic procedures
for the diagnostically interesting low measurement range are
insufficient [32, 35, 36]. In addition, when compared to im-
munologic testosterone measurements, the more precise mass
spectroscopic procedures demonstrate considerably lower in-
tra- and interlaboratory variability [37], for what reason they
are increasingly considered to be the gold standard for clini-
cal and epidemiologic testosterone measurements [14, 32,
38–40]. The recently started “steroid hormone standardiza-
tion project“ performs various activities to standardize testos-
terone measurements, establish reference ranges, and im-
prove the comparability of testosterone measurements
independent of method, time, and place [41].

The detection of free or bioavailable testosterone could
support a diagnosis of testosterone deficiency. However, the
measurement of free testosterone by means of equilibrium
dialysis, of bioavailable testosterone by means of ammonium
sulfate precipitation, or of both androgens by means of mass
spectrometry, is too costly or impracticable for routine diag-
nostics and up to now has been used mainly for research pur-
poses or in reference laboratories [42]. Because of the their
unreliable measurement, so-called analog immunoassays for
the direct measurement of free testosterone should not be
used [43, 44]. However, assuming a constant albumin con-
centration, bioavailable and free testosterone can be calcu-
lated cost- and time-effectively by means of various mathe-
matical algorithms using measured values of total
testosterone and SHBG [45]. Although a comparison study
between the currently established algorithms showed that the
calculated free testosterone values correlate well with the
measurements from equilibrium dialysis [28, 46], the calcu-
lated values should be very critically evaluated when there is
no laboratory-specific “in-house” validation [42].

Conclusions

In summary, immunologic testosterone measurements, in
spite of their accuracy in the target concentration range of
healthy males, must be cautiously evaluated in the low con-
centration range (especially among comorbid males, females,
and children) for reasons of insufficient diagnostic and analy-
tic quality. In addition, various biologic and pre-analytic fac-
tors of influence should be considered when interpreting
measured testosterone concentrations. Since a diagnosis of

late-onset hypogonadism is based on at least three sexual
symptoms and repeatedly detected low serum testosterone
concentrations [1], the interpretation of these measured tes-
tosterone concentrations is a crucial diagnostic criterion. To
be able to make a valid clinical diagnosis, Table 1 provides
an overview of the various influence factors of testosterone
measurement (see Table 2 in [23] or [47]).

Whenever testosterone therapy is under consideration, the
advantages and disadvantages, as well as risk factors con-
cerning the prostate [48] and other organs [49], must be dis-
cussed with the patient. The effects of testosterone therapy
must be monitored. When there is no improvement in any of
the symptoms of testosterone deficiency under testosterone
substitution, treatment should be discontinued and the patient
should be re-examined for other possible causes of his clini-
cal symptoms [50]. Besides the question of which testoster-
one concentrations are clinically relevant [51], the overall ef-
fectiveness of a testosterone substitution must be considered
questionable at present [52]. Since long-term results (i.e.
>3 years) about potential benefits and risks of testosterone
substitution do not exist to date, future long-term clinical stu-
dies are much-needed.

In contrast, evidence from different prospective observa-
tional studies suggest low testosterone concentrations as a
biomarker for the general health of men and/or off-balance
metabolic processes. Thus, testosterone measurements to-
gether with already existing prevention strategies could help
to prevent the development of subclinical and manifest cardi-
ovascular diseases and more specifically, to motivate and
empower men to adopt a healty lifestyle.

References

1. Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, et
al. Identification of late-onset hypogonadism in middle-aged
and elderly men. N Engl J Med 2010;363:123–35.

2. Friedrich N, Rosskopf D, Brabant G, Völzke H, Nauck M, Wal-
laschofski H. Associations of anthropometric parameters with
serum TSH, prolactin, IGF-I, and testosterone levels: results of
the study of health in Pomerania (SHIP). Exp Clin Endocrinol
Diabetes 2010;118:266–73.

3. Haring R, Baumeister SE, Völzke H, Dörr M, Felix SB, Kroe-
mer HK, et al. Prospective association of low total testosterone
concentrations with an adverse lipid profile and increased inci-
dent dyslipidemia. Eur J Cardiovasc Prev Rehabil 2010, Jun 17.
Epub ahead of print.

4. Völzke H, Aumann N, Krebs A, Nauck M, Steveling A, Lerch
MM, et al. Hepatic steatosis is associated with low serum tes-
tosterone and high serum DHEAS levels in men. Int J androl
2010;33:45–53.

5. Haring R, Völzke H, Felix SB, Schipf S, Dörr M, Rosskopf D,
et al. Prediction of metabolic syndrome by low serum testoste-
rone levels in men: results from the study of health in Pomera-
nia. Diabetes 2009;58:2027–31.

6. Schipf S, Haring R, Friedrich N, Nauck M, Lau K, Alte D, et
al. Low total testosterone is associated with increased risk of
incident Type 2 diabetes mellitus in men: Results from the Stu-
dy of Health in Pomerania (SHIP). Aging Male 2010; Nov 2.
Epub ahead of print.

Haring et al.: Challenges in the measurement of serum testosterone concentrations 3



7. Torkler S, Wallaschofski H, Baumeister SE, Völzke H, Dörr M,
Felix SB, et al. Inverse Association Between Total Testosterone
Concentrations, Incident Hypertension, and Blood Pressure.
Aging Male 2010; Nov 19. Epub ahead of print.

8. Maggio M, Basaria S. Welcoming low testosterone as a cardio-
vascular risk factor. Int J Impot Res 2009;21:261–4.

9. Haring R, Völzke H, Steveling A, Krebs A, Felix SB, Schoefl
C, et al. Low serum testosterone levels are associated with in-
creased risk of mortality in a population-based cohort of men
aged 20–79. Eur Heart J 2010;31:1494–501.

10. Kaufman JM, Vermeulen A. The decline of androgen levels in
elderly men and its clinical and therapeutic implications. Endo-
crine Reviews 2005;26:833–76.

11. Svartberg J, Jorde R, Sundsfjord J, Bonaa KH, Barrett-Connor
E. Seasonal variation of testosterone and waist to hip ratio
in men: the Tromso study. J Clin Endocrinol Metab
2003;88:3099–104.

12. Diver MJ, Imtiaz KE, Ahmad AM, Vora JP, Fraser WD. Diurnal
rhythms of serum total, free and bioavailable testosterone and
of SHBG in middle-aged men compared with those in young
men. Clin Endocrinol (Oxf) 2003;58:710–7.

13. Brambilla DJ, Matsumoto AM, Araujo AB, McKinlay JB. The
effect of diurnal variation on clinical measurement of serum tes-
tosterone and other sex hormone levels in men. J clin Endocri-
nol Metab 2009;94:907–13.

14. Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder
PJ, et al. Testosterone therapy in men with androgen deficiency
syndromes: an Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab 2010;95:2536–59.

15. Cameron JL, Helmreich DL, Schreihofer DA. Modulation of re-
productive hormone secretion by nutritional intake: stress sig-
nals versus metabolic signals. Hum Reprod 1993;8:162–7.

16. Jeibmann A, Zahedi S, Simoni M, Nieschlag E, Byrne MM.
Glucagon-like peptide-1 reduces the pulsatile component of tes-
tosterone secretion in healthy males. Eur J clin invest
2005;35:565–72.

17. Halford C, Anderzen I, Arnetz B. Endocrine measures of stress
and self-rated health: a longitudinal study. J Psychosom Res
2003;55:317–20.

18. Haring R, Ittermann T, Völzke H, Krebs A, Zygmunt M, Fe-
lix SB, et al. Prevalence, incidence and risk factors of testos-
terone deficiency in a population-based cohort of men: results
from the study of health in Pomerania. Aging Male
2010;13:247–57.

19. Travison TG, Araujo AB, Kupelian V, O'Donnell AB, McKin-
lay JB. The relative contributions of aging, health, and lifestyle
factors to serum testosterone decline in men. J clin endocrinol
metab 2007;92:549–55.

20. Carruthers M, Trinick TR, Wheeler MJ. The validity of andro-
gen assays. Aging Male 2007;10:165–72.

21. Friedrich N, Völzke H, Rosskopf D, Steveling A, Krebs A,
Nauck M, et al. Reference ranges for serum dehydroepiandros-
terone sulfate and testosterone in adult men. J Androl
2008;29:610–7.

22. Valero-Politi J, Fuentes-Arderiu X. Within- and between-subject
biological variations of follitropin, lutropin, testosterone, and
sex-hormone-binding globulin in men. Clin Chem
1993;39:1723–5.

23. Wheeler MJ, Barnes SC. Measurement of testosterone in the
diagnosis of hypogonadism in the ageing male. Clin Endocrinol
(Oxf) 2008;69:515–25.

24. Hammer EJ, Astley JP. Increase in serum testosterone following
contact with blood cells. Ann clin biochem 1985;22:539–40.

25. Bolelli G, Muti P, Micheli A, Sciajno R, Franceschetti F, Krogh
V, et al. Validity for epidemiological studies of long-term cryo-
conservation of steroid and protein hormones in serum and
plasma. Cancer Epidemiol Biomarkers Prev 1995;4:509–13.

26. Stroud LR, Solomon C, Shenassa E, Papandonatos G, Niaura
R, Lipsitt LP, et al. Long-term stability of maternal prenatal ste-
roid hormones from the National Collaborative Perinatal Pro-
ject: still valid after all these years. Psychoneuroendocrinology
2007;32:140–50.

27. Bauman JE. Stability of radioimmunoassayable steroid and pro-
tein hormones after repeated freeze-thaw cycles. Clin Chem
1982;28:2336–7.

28. Rosner W, Auchus RJ, Azziz R, Sluss PM, Raff H. Utility, Li-
mitations, and Pitfalls in Measuring Testosterone: An Endocrine
Society Position Statement. J Clin Endocrinol Metab
2007;92:405–13.

29. Schönicke G, Junge M. Der Testosteronspiegel - Messung und
analytische Bewertung. Blickpunkt der Mann 2006;4:19–22.

30. Hsing AW, Stanczyk FZ, Belanger A, Schroeder P, Chang L,
Falk RT, et al. Reproducibility of serum sex steroid assays in
men by RIA and mass spectrometry. Cancer Epidemiol Biomar-
kers Prev 2007;16:1004–8.

31. Soldin SJ, Soldin OP. Steroid hormone analysis by tandem mass
spectrometry. Clin Chem 2009;55:1061–6.

32. Wang C, Catlin DH, Demers LM, Starcevic B, Swerdloff RS.
Measurement of total serum testosterone in adult men: compari-
son of current laboratory methods versus liquid chromatogra-
phy-tandem mass spectrometry. J Clin Endocrinol Metab
2004;89:534–43.

33. Stanczyk FZ, Lee JS, Santen RJ. Standardization of steroid hor-
mone assays: why, how, and when? Cancer Epidemiol Biomar-
kers Prev 2007;16:1713–9.

34. Dorgan JF, Fears TR, McMahon RP, Aronson Friedman L, Pat-
terson BH, et al. Measurement of steroid sex hormones in se-
rum: a comparison of radioimmunoassay and mass spectrome-
try. Steroids 2002;67:151–8.

35. Taieb J, Mathian B, Millot F, Patricot MC, Mathieu E, Quey-
rel N, et al. Testosterone measured by 10 immunoassays and
by isotope-dilution gas chromatography-mass spectrometry in
sera from 116 men, women, and children. Clin Chem
2003;49:1381–95.

36. Matsumoto AM, Bremner WJ. Serum testosterone assays–accu-
racy matters. J Clin Endocrinol Metab 2004;89:520–4.

37. Vesper HW, Bhasin S, Wang C, Tai SS, Dodge LA, Singh RJ,
et al. Interlaboratory comparison study of serum total testostero-
ne [corrected] measurements performed by mass spectrometry
methods. Steroids 2009;74:498–503.

38. Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ,
Gooren LJ, et al. Investigation, treatment, and monitoring of la-
te-onset hypogonadism in males: ISA, ISSAM, EAU, EAA,
and ASA recommendations. J Androl 2009;30:1–9.

39. Thienpont LM, Van Uytfanghe K, Blincko S, Ramsay CS, Xie
H, Doss RC, et al. State-of-the-art of serum testosterone measu-
rement by isotope dilution-liquid chromatography-tandem mass
spectrometry. Clin Chem 2008;54:1290–7.

40. Stanczyk FZ, Clarke NJ. Advantages and challenges of mass
spectrometry assays for steroid hormones. J Steroid Biochem
Mol Biol 2010;121:491–5.

41. Vesper HW, Botelho JC. Standardization of testosterone
measurements in humans. J Steroid Biochem Mol Biol
2010;121:513–9.

42. de Ronde W, van der Schouw YT, Pols HA, Gooren LJ, Muller
M, Grobbee DE, et al. Calculation of bioavailable and free tes-

4 Haring et al.: Challenges in the measurement of serum testosterone concentrations



tosterone in men: a comparison of 5 published algorithms. Clin
Chem 2006;52:1777–84.

43. Rosner W. Errors in the measurement of plasma free testostero-
ne. J Clin Endocrinol Metab 1997;82:2014–5.

44. Swerdloff RS, Wang C. Free testosterone measurement by the
analog displacement direct assay: old concerns and new evi-
dence. Clin Chem 2008;54:458–60.

45. Mazer NA. A novel spreadsheet method for calculating the free
serum concentrations of testosterone, dihydrotestosterone, est-
radiol, estrone and cortisol: with illustrative examples from ma-
le and female populations. Steroids 2009;74:512–9.

46. Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation
of simple methods for the estimation of free testosterone in se-
rum. J Clin Endocrinol Metab 1999;84:3666–3672

47. Ceglarek U, Werner M, Kortz L, Korner A, Kiess W, Thiery J,
et al. Preclinical challenges in steroid analysis of human sam-
ples. J Steroid Biochem Mol Biol 2010;121:505–12.

48. Bhasin S, Singh AB, Mac RP, Carter B, Lee MI, Cunningham
GR. Managing the risks of prostate disease during testosterone
replacement therapy in older men: recommendations for a stan-
dardized monitoring plan. J Androl 2003;24:299–311.

49. Basaria S, Coviello AD, Travison TG, Storer TW, Farwell WR,
Jette AM, et al. Adverse events associated with testosterone ad-
ministration. N Engl J Med 2010;363:109–22.

50. Nieschlag E, Wang C, Swerdloff R, Behre H, Helstrom WJ,
Gooren LJ, et al. Untersuchung, Behandlung und Überwachung
des Altershypogonadismus (Late-onset hypogonadism) des
Mannes: ISA-, ISSAM-, EAU-, EAA- und ASA-Empfehlungen.
J Reproduktionsmed Endokrinol 2010;7:60–6.

51. McLachlan RI. Certainly more guidelines than rules. J clin En-
docrinol Metab 2010;95:2610–3.

52. Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V,
Isidori A, et al. Effects of testosterone on body composition,
bone metabolism and serum lipid profile in middle-aged men: a
meta-analysis. Clin Endocrinol (Oxf) 2005;63:280–93.

Haring et al.: Challenges in the measurement of serum testosterone concentrations 5


