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Abstract
The aim of this review is to analyze the value of determining saliva steroid profile for diagnosis
of various conditions and diseases. Steroid hormones, due to their high lipophilicity, quite easily
pass from the blood to the saliva. Saliva steroids can reflect the concentration in plasma of a free
fraction of hormones, that is, non-conjugated with proteins.
During a systematic review of the literature, publications were considered in the electronic
databases Google Scholar and PubMed, the main concept of which was to study the steroid profile
of saliva and its diagnostic significance.
56 publications were initially studied, of which 39 were included in the review after analysis by
exclusion criteria.
The study of saliva steroid profile is an appropriate technique, which can confirm some
diagnoses, such as Cushing's syndrome. At the same time, it is necessary to keep in mind the
limitations imposed by the saliva itself as a biomatrix due to the variability of its composition and
cross sensitivity of components to certain reagents.
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Introduction
The human body is a dynamic open
system, and, in its regulation, the endocrine
system takes not the last place, which performs
its work through the secretion of certain
hormones.
In
various
pathophysiological
conditions and diseases disorders of organ
activity is possible due to excessive/insufficient
release of certain hormones.
The group of steroid hormones, including
sex
hormones,
glucocorticoids,
mineralocorticoids and cardiotonic steroids, is
widespread in terms of the number of target
organs and their effects1-4. These substances, in
particular, their quantity, are measured in clinical
practice for the purpose of diagnosing
pathologies and planning the further structure of
the endocrine diseases treatment. Laboratory
analysis can be subjected to completely different
in composition and characteristics biological
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substrates: plasma and blood serum, urine and
others6,7,8.
Now, saliva is a promising matrix for
calculating concentrations of steroids and some
other biologically active substances in terms of
laboratory diagnostics7-11. The technique of saliva
sampling is not particularly difficult, it is noninvasive and short in time, allows to get several
samples in a short period of time, which
facilitates the process of obtaining a sample for
the patient, since the procedure is painless and
does not lead to excessive excitement, stress.
Also, the procedure does not require special
training of both medical personnel and the patient,
as well as equipment9-12.
Salivary steroids can reflect the levels of
free circulating in blood steroids, that are not
bound to some types of proteins. These
nonconjugated hormones make up about 2 to
10% of their total content. During the analysis for
the saliva steroid profile it is possible to suspect
or confirm the presence of kidney pathologies, for
example, chronic renal failure, adrenal glands,
and genital glands7,12,13.
The purpose of this review article is to
determine the relevance of steroid hormones
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concentration in saliva tests for the diagnosis of
various diseases, in comparison with standard
matrices (blood, urine).
Materials and methods

Identification

The analysis of literature sources in the
electronic databases Google Scholar and
PubMed, as well as references in found articles,
was performed to collect up-to-date information
for writing the presented review article (Table 1).
Search terms included: "saliva steroids", "saliva
hormones", "steroid analysis in saliva",
"Cushing's syndrome and cortisol".

Records identified through
database searching
(n = 55)

Additional records identified
through other sources
(n = 1)

Screening

Records after duplicates removed
(n = 49)

Records screened
(n = 46)

Records excluded
(n = 4)

Full-text articles assessed
for eligibility
(n = 42)

Full-text articles excluded
(n = 3)
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For the included studies, the risk of
systematic error was assessed using the twocomponent Cochrane Collaboration tool, and the
risks were put forward at each selection stage of
the publications 34. The levels of systematic error
were classified according to the following: low
risk- all criteria were met; moderate risk - only
one criterion was missing ; high risk- two or more
criteria were missing; unclear risk- too few details
to make a decision on a particular risk
assessment.
Results
During the systematic review of data, 56
publications were reviewed (12 - PubMed
database, 43 - Google Scholar and 1 article link).
After analyzing each article for inclusion and
exclusion criteria, the total number of publications
have become 39. In included in the discussion
studies the composition of saliva, ways of
penetration of different substances into it, as well
as the possibility of saliva use as a biomatrix for
analyzing the steroid profile of the body in the
presence of various pathologies were described.

Eligibility

Discussion

Included

Studies included in
qualitative synthesis
(n = 39)

Table 1.

Studies included in
quantitative synthesis
(meta-analysis)
(n = 39)

Article selection process.

Each publication was evaluated for
inclusion criteria during the review period, such
as: dated 2006 and later, figuring out in the
subject and discussion of articles the evaluation
of composition saliva and significance of the
hormones analysis, including steroid ones, for
diagnosis.
The articles were selected and included in
the analysis in several stages. At the first stage,
the exclusion criterion was dating earlier than
2006. Then the title and short content of the
publications were evaluated. At the last stage, a
complete reading and analysis of the content and
full-text versions of selected articles was carried
out.
Volume ∙ 14 ∙ Number ∙ 1 ∙ 2021

Mixed saliva has a complex composition.
It is a conglomerate of major (parotid, sublingual)
and minor salivary glands secretion, gingival fluid,
desquamated oral epithelium, microorganisms
and their products of vital activity, food
residues9,12,13. It, in addition to the aqueous
phase, which represents up to 99% of the total
volume, contains inorganic components and
more than 200 different biologically active
substances involved in the homeostasis of the
oral cavity and the entire body 13,23. Daily
secretion ranges from 500 to 1500 ml, with basal
flow velocity averaging about 0.5 ml/min17,18. The
primary saliva, located within the acinus, has the
same ionic composition as plasma, that it is
isotonic. The final saliva modified by ductal cells
by transferring various substances using specific
transporters and ion channels and entering the
oral cavity through the ducts of the glands is
hypotonic due to the increased content of
bicarbonate buffer components and low
concentrations of chlorides and sodium18,20.
Based on the chemical composition, it can
be said that saliva is a plasma ultrafiltrate, which
is why it is able to reflect the concentration of
various substances in the blood with sufficient
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accuracy. Saliva is a matrix into which
substances are either transported from blood
vessels, or independently produced by the
glands and can be incorporated into its
composition in various ways. The most frequent
pathway is ultrafiltration, which allows relatively
small lipophilic molecules, including hormones of
a steroid structure, with a mass about 1900 Da17
to enter the oral fluid through intercellular slits.
Also, the phenomenon of simple diffusion along
the concentration gradient occurs quite often.
Lipophilic molecules, such as steroids, are
transported through cellular barriers faster than
hydrophilic ones, such as peptides. Active
transport requires the expenditure of a certain
energy amount and is directly dependent on the
rate of salivation, pH, and chemical structure of
the transferred substance. Active, energydependent transport is associated with some
difficulties in interpreting the concentrations of
certain saliva molecules, in particular, a number
of
peptide-nature
hormones,
since
the
concentrations of salivary peptides correlate with
plasma content at a low level, while the
concentration of steroids in saliva reflects a
biologically active «free» fraction of the blood
hormonal profile that is not conjugated with
plasma proteins7,16,19.
In some cases within the parenchyma of
the salivary glands, a cascade of enzymatic
reactions is possible, for example, under the
action of 11β -hydroxysteroid dehydrogenase II,
cortisol passes into cortisone, which in turn leads
to the probability of false-positive results and
discrepancies in plasma and saliva cortisol
concentrations due to insufficient selectivity of
analytical systems. This dictates a more accurate
attitude to the study of reagents used in
analytical kits cross-reactivity7,26,28.
It must be that peptides are the most
difficult to analyze by determining the
concentration of hormones through the saliva
biomatrix, so their detection is more often
interpreted as markers for specific oral diseases.
In contrast, the analysis of saliva steroid profile
(concentrations of such hormones as cortisol,
progesterone, androgens, estrogens - in free
form, describing up to 10% of their total number)
can qualitatively reflect their concentration in
plasma, including in long-term observations.
Moreover, conjugated steroids, such as, for
example, dehydroepiandrosterone1,5, are present
in saliva in reduced concentrations and account
Volume ∙ 14 ∙ Number ∙ 1 ∙ 2021
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for less than 1% of the unbound plasma
concentration 7.
The determination of the steroid saliva
profile is practiced not only in endocrinology, but
also in pediatrics, pharmacology, toxicology, and
sports medicine for a fairly long period of time.
Due to the availability and non-invasiveness of
this analysis, rapid diagnosis and confirmation of
the disease presence is possible.
Certain help in promoting saliva use as
biomatrix for determining the concentration of sex
steroids became the following fact, observed by
the overwhelming majority of the authors: in
contrast to blood, saliva does not contain sex
hormone–binding globulin (SHBG), and similarly,
the absence of corticosteroid-binding globulin
was observed 35,36. Plasma SHBG, produced
primarily by the liver, is the main plasma
transport protein for biologically active androgens
and estrogens, mediating their breadth of
distribution and access to target tissues37. Nonconjugated hormones (e.g., testosterone,
estradiol, dihydrotestosterone), which penetrate
in various ways in oral fluid, will not be bind with
a specific protein due to its absence and will
correctly reflect the quantitative characteristics of
the required "free" hormone (5-10% of the total
content in the blood) mediating the functional
activity on target cells. However, some authors
have raised concerns about the possibility of
transferring the discussed globulins to the
salivary glands, and then to the saliva secreted
by them, which can distort to one extent or
another the test results11. This statement dictates
a more sensitive attitude to checking the purity of
the studied samples.
Steroid hormones are responsible for
many metabolic and physiological processes in
the body, which is why it is worth to consider the
possibility of an excess or lack secretion leading
to a particular pathology, based on data of their
content in saliva in correlation with plasma levels.
CORTISOL
Cortisol (glucocorticoid synthesized by the
zona fasciculata of the adrenal cortex) is a
hormone that properly reflects the functional
activity of the hypothalamic-pituitary-adrenal axis,
which determines the significance of variations in
its concentrations in the pathogenesis of certain
diseases6,13,21. Tracking the trend of total cortisolto-salivary cortisol ratio is a complex issue due to
the presence of corticosteroid-binding globulin,
which binds up to 500-600 nmol/l of cortisol,
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which appears to be a barrier to its free
penetration by ultrafiltration or passive diffusion
into saliva. According to research data, saliva
cortisol correlates well with its free fraction in the
blood plasma, which exerts its biological
functions. The levels of cortisol in saliva correlate
with those in plasma even after ACTH stimulation
and physical exertion under stress in clinicodiagnostic practice12,21,26,33.
Various methods of saliva collecting can
be used: collection of unstimulated and
stimulated saliva by chewing a cotton or
polyester roller, the use of various commercially
available devices, aspiration, and simple spitting
into a sterile container 21. It is necessary to make
sure that the samples are not contaminated with
residues of orally taken medications, especially
of a hormonal nature, blood to prevent falsepositive results.
Various authors have suggested the
clinical significance of determining the cortisol
concentration in saliva in the diagnosis of
Cushing's and Addison diseases, secondary
adrenal
insufficiency
and
hypercorticism,
congenital adrenal hyperplasia6,20,32,33. Also,
presumably, the level of salivary cortisol can be a
valuable marker for assessing the degree of an
individual adaptation to environmental conditions,
as well as evaluating the presence of mental
pathologies, such as chronic fatigue syndrome,
enduring\lasting
stress
and
depressive
disorder22,23,32.
If we talk about Cushing's disease, the
most informative saliva samples are those that
were collected at night between 23.00 and 24.00,
since peak cortisol concentration during these
hours is observed, according to most
publications6,21,25,32. Late measurements of
salivary cortisol are useful for monitoring patient’s
remission and/or relapse after pituitary surgery
for Cushing's disease. 92-100% specificity and
91-100% sensitivity of the saliva test was
reported, which is similar to a late-night serum
cortisol measurement cut-off value exceeding
240 nmol/L12,25. It is recommended to refrain from
interpreting the converted values of salivary
cortisol below 0.5 nmol/L and above 60 nmol/L
(according to LC-MS/MS data) 28. Cortisol
analysis by the urine matrix is quite difficult for
the patient, since in some cases it requires 24hour collection, also the procedure of blood
sampling can cause stress for patients, which will
also affect the results of the test.
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Due to the fact that saliva is an ultrafiltrate of
plasma, salivary cortisol measurement can also
be performed during the test with ACTH
stimulation in patients with an increased
concentration of corticosteroid-binding protein in
the blood plasma due, for example, to excessive
estrogen stimulation21.
Determination of cortisol in saliva is also
indicated for the detection of functional
hypercorticism and its control in dexamethasone
treatment. The authors suggested that the
salivary cortisol test should be used in the
diagnosis of adrenal insufficiency6,21,32. However,
in the course of reasoning and detailed
consideration of the circadian rhythm of the HGH
axis, it was noted that measurements of basal
morning salivary cortisol levels are not able to
provide reliable data for the diagnosis of primary
or secondary adrenal insufficiency, because of
the test specificity and sensitivity were at the
level of only 35% when evaluating a sample
collected at 8.00 am21.
According to the experiment, nonstimulated and stimulated total saliva had similar
concentrations of cortisol as well as testosterone
and androstenedione, while cortisone in
stimulated saliva showed the 16% less values,
which is probably connected with the limitation of
the reaction rate of cortisol and cortisone
conversion
under
the
action
of
11βhydroxysteroid dehydrogenase II33.
Most identifications of cortisol in saliva are
performed using immunoassays. This study is
based on binding of the analyzed substances to
antibodies that exhibit different specificity for the
molecules to be detected. A limitation in the use
of saliva as a biomatrix for determining the
concentration of cortisol is the presence of a
certain cross-reactivity of cortisol and its
metabolite cortisone, which is formed in the
salivary glands under the action, as previously
indicated, of 11β -hydroxysteroid dehydrogenase
type II. The cross-reactivity of cortisone is
particularly important, given that its concentration
is up to 280% compared to cortisol, due to its
long half-life. This fact leads to an increase ratio
of cortisone compared to cortisol, with a
decrease in the concentration of cortisol in the
final values28,32.
It is necessary to take into account that
the hypothalamic-pituitary-adrenal system is very
sensitive to stress states, undoubtedly this
statement dictates to take any sample in calm
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conditions. Saliva, in relation to causeing fear in
the patient, is one of the best methods of
evaluating the hormonal profile. However, we
should not exclude the study of total cortisol
serum levels, since this technique is quite
accurately able to reflect the concentration of the
hormone and its individual fractions, as well as
evaluate the functional activity of the
hypothalamic-pituitary-adrenal system.
ANDROGENS.
Saliva testosterone is used for diagnosis
and confirmation of male hypogonadism and
eugonadism. In one of the studies the authors
obtained data that the concentration of salivary
testosterone does not depend on the rate of
salivation and that, preferably, choose morning
saliva samples from 7.00 to 9.00 for a more
accurate analysis. Just morning samples were
selected by the researchers for the differential
diagnosis of eugonadism and hypogonadism.
Clear cut - off values evaluated for salivary, as
well as serum free and bioactive testosterone
showed 100% sensitivity and specificity for
excluding hypogonadism. The concentration of
testosterone in a healthy man in the morning is
369 pmol/L on average, which is statistically
different from the level of the presented hormone
in patients with androgen deficiency (51-249
pmol/L)24,29.
Unlike
testosterone,
dehydroepiandrosterone-sulfate is not detected
in saliva under normal conditions, since its polar
group disrupts intermembrane transport of the
molecule, and its penetration into saliva is
associated with injury of the oral mucosa and
bleeding32.
According to the authors of one of the
studies, if the concentration of testosterone is
more than 25 pmol/L, the question of
hypogonadismin presence in patient is not raised,
that is, we should look for the causes of these
pathologies in another ways32.
Salivary androstenedione correlates well
with its free plasma concentrations and can be
used in studies along with DHEA and
testosterone12,30. We should not forget about the
possibility of cross-reaction of untreated samples,
because of it is necessary to confirm the data by
chromatographic studies12. There may also be
some data distortion while using different
methods for collecting saliva. Concentrations of
testosterone and androstenedione decreased
when using synthetic Salivettes (58% and 41%
respectively) and higher when using cotton
Volume ∙ 14 ∙ Number ∙ 1 ∙ 2021
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Salivettes (217% and 46% respectively)33.
Patients with polycystic ovarian syndrome
have
elevated
salivary
levels
of
the
testosterone/androstenedione
ratio,
which
correlates
with
their
disturbed
plasma
concentrations and can be considered as
adverse metabolic indicators when planning
treatment 27.
ESTROGENS AND PROGESTERONE
Determination of estriol and progesterone
concentrations, including in saliva, as well as
their mutual ratio can be valuable for predicting
complicated and early labor in the period up to 34
weeks. A lower concentration of progesterone
and a high ratio estriol to progesterone in saliva
samples from women who gave birth before 34
weeks, confirm the authors' hypothesis that an
imbalance between these hormones may be
associated with preterm birth, but, of course, it is
not the only pathogenetic factor in the initiation of
this process19.
The levels of 17B-estradiol at a high-level
correlate with the plasma concentration of the
discussed hormone. The test for the presence of
17B-estradiol in saliva can be used as one of
many diagnostic matrices to confirm/deny the
patient's infertility32.
Saliva progesterone is sometimes used
as an ovulation test, as there is a good
correlation between this hormone in blood
plasma and saliva. Unfortunately, the authors
noticed that there was insufficient sensitivity and
specificity of the test when comparing the
follicular and luteal phases (78% and 77%
respectively). Joint determination of progesterone
and estradiol in saliva can be useful for
monitoring fertility12.
Conclusion
Determining the steroid profile of saliva is a
fairly common diagnostic system in various areas of
medicine. Due to the noninvasiveness, cheapness
and ease of the procedure, an increasing number of
diseases caused by an imbalance of steroids can be
detected at an early stage.
Unfortunately, saliva is not the gold standard
and cannot fully replace and displace other widely
used biomaterials, such as blood and urine. In
particular, the changeability of saliva matrix variables
and their sensitivity to certain reagents, the stability of
steroid hormones in various conditions, the presence
of binding proteins and anomalies in the reference
range can affect the quality of the obtained results to a
greater or lesser extent.
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