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Gruszczyński, D.; Ruchała, M.A.;

Lehmann, A.; Surdacka, A. Salivary

Alterations in Autoimmune Thyroid

Diseases: A Systematic Review. Int. J.

Environ. Res. Public Health 2023, 20,

4849. https://doi.org/10.3390/

ijerph20064849

Academic Editors: Jordi Pérez-Tur

and Fernando Cardona

Received: 21 January 2023

Revised: 7 March 2023

Accepted: 7 March 2023

Published: 9 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Systematic Review

Salivary Alterations in Autoimmune Thyroid Diseases:
A Systematic Review
Martyna Ortarzewska 1,†, Kacper Nijakowski 1,*,† , Julia Kolasińska 2,‡, Dawid Gruszczyński 2,‡ ,
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Abstract: Autoimmune thyroid disease (AITD) is a dysregulation of the immune system that causes
an attack on the thyroid gland. Two major clinical manifestations are Hashimoto’s thyroiditis
and Graves’ disease. Saliva performs many functions and, importantly, has the potential for easy,
non-invasive diagnostics of several systemic disorders. This systematic review was designed to
answer the question whether salivary alterations are reliable for the diagnosis of autoimmune thyroid
diseases. Following the inclusion and exclusion criteria, fifteen studies were included. Due to their
heterogeneity, saliva analysis was divided into two subgroups: quantitative assessment analysing
salivation and qualitative assessment concerning potential salivary biomarkers for AITD. In addition
to detecting altered levels of thyroid hormones and antibodies, salivary changes were also observed
in the concentrations of total protein, cytokines and chemokines, as well as markers of oxidative
status. According to the saliva flow rate values, significantly reduced saliva secretion was observed
in patients with HT. In conclusion, it is not possible to unequivocally state if salivary biomarkers
can potentially be used in autoimmune thyroid disease diagnosis. Therefore, further investigations,
including salivation disorders, are necessary to validate these findings.

Keywords: autoimmune thyroid disease; Graves’ disease; Hashimoto’s thyroiditis; saliva;
biomarkers; salivation

1. Introduction

Autoimmune thyroid disease (AITD) is a dysregulation of the immune system that
results in an attack on the thyroid gland. Hashimoto’s thyroiditis (HT) and Graves’ disease
(GD) are its two major clinical manifestations [1]. It is estimated that HT and GD affect about
5% of the general population. This evaluation indicates that they are the most common
autoimmune disorder affecting humans [2]. AITD arises due to the loss of tolerance
to thyroid antigens in genetically liable individuals in association with environmental
factors, such as microbiota alterations [3–5]. Both manifestations are characterised by
infiltration of the thyroid by T and B cells, reactive to thyroid antigens, the production
of thyroid autoantibodies and abnormal thyroid functions [6]. The major autoantigens in
AITD are thyroid peroxidase (TPO), thyroglobulin (Tg) and thyroid-stimulating hormone
receptor (TSHR) [7]. Autoimmune thyroid disease is more common among women than
men [8]. Referring to HT, the inflammation leads to follicular cell damage and thyroid gland
destruction and, in consequence, the development of hypothyroidism. On the other hand, in
GD the presence of thyroid-stimulating antibodies, which activate the thyrotropin receptor
(TSHR) on thyrocytes, leads to thyroid hyperplasia and, finally, hyperthyroidism [1,3,6].
Due to various effects on thyroid function, HT and GD present different clinical symptoms.
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HT is associated with changeable and not specific features, such as fatigue, weakness,
nervousness, irritability, anaemia and skin problems [9,10], whereas GD manifests in
tremors, heat sensitivity, weight loss, anxiety, enlargement of the thyroid gland (goitre) or
alterations in menstrual cycles [11,12].

Saliva is an oral fluid containing the mixture of major and minor salivary gland secretions,
gingival crevicular fluid, cellular debris and microorganisms [13]. Saliva performs many
varied functions, such as protection of the oral cavity, digestion due to salivary amylase,
defence against microorganisms and, importantly, diagnostic functions [14]. Saliva collection
is easy, non-invasive and inexpensive, so its use in diagnostic tests is constantly growing [15].
In saliva, it is possible to find enzymes, hormones, antibodies, antimicrobial constituents, as
well as growth factors, which enter from the blood by passing through the spaces between
cells. The development of new and highly sensitive techniques (e.g., molecular diagnostics,
nanotechnology) resulted in fewer limitations caused by a low concentration of constituents
compared with the blood and more clinically practical use [16]. Oncological, endocrine,
cardiovascular, rheumatic, autoimmune, neurological or infectious diseases are just some of
the disorders in which saliva has impressive diagnostic potential [17].

Many studies prove that systemic autoimmune disorders can be accompanied by
salivary gland dysfunction, which manifests in hyposalivation, like systemic lupus erythe-
matosus, polymyositis, dermatomyositis, systemic scleroderma, mixed connective tissue
disease [18] as well as Sjögren’s syndrome or rheumatoid arthritis [19]. Not only quantita-
tive assessment of salivation but also qualitative assessment concerning biomarkers, like
salivary interleukins, immunoglobulins, cytokines, hormones, enzymes and multiple other
components is diagnostically useful [20].

There are signs that autoimmune thyroid diseases, like HT and GD, can also be accom-
panied by salivary gland dysfunction, and markers detected in saliva can have potential
diagnostic value. Therefore, our systematic review was designed to answer the question “Are
salivary alterations reliable for the diagnosis of autoimmune thyroid diseases?”, formulated
according to the PICO (“Population”, “Intervention”, “Comparison”, “Outcome”).

2. Materials and Methods
2.1. Search Strategy and Data Extraction

A systematic review was conducted up to 27th September 2022, according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
guidelines [21], using the databases PubMed, Scopus and Web of Science. The search
formulas included:

- For PubMed: saliva* AND (((thyroid OR Graves) AND (orbitopathy OR ophthalmopa-
thy)) OR ((Graves OR Hashimoto) AND (disease OR thyroiditis)));

- For Scopus: TITLE-ABS-KEY(saliva* AND (((thyroid OR Graves) AND (orbitopathy
OR ophthalmopathy)) OR ((Graves OR Hashimoto) AND (disease OR thyroiditis))));

- For Web of Science: TS = (saliva* AND (((thyroid OR Graves) AND (orbitopathy OR
ophthalmopathy)) OR ((Graves OR Hashimoto) AND (disease OR thyroiditis)))).

Records were screened by the title, abstract and full text by two independent inves-
tigators. Studies included in this review matched all the predefined criteria according to
PICOS (“Population”, “Intervention”, “Comparison”, “Outcomes”, and “Study design”),
as shown in Table 1. In general, the original studies on AITD patients (GD and HT) were
selected for salivary alterations assessment—quantitative (e.g., hyposalivation) and/or
qualitative (e.g., biochemical profile changes). A detailed search flowchart is presented in
Section 3. The study protocol was registered in the international prospective register of
systematic reviews PROSPERO (CRD42022370454).

2.2. Quality Assessment and Critical Appraisal for the Systematic Review of Included Studies

The risk of bias in each individual study was assessed according to the “Study Quality
Assessment Tool” issued by the National Heart, Lung and Blood Institute within the
National Institute of Health [22]. These questionnaires were answered by two independent
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investigators, and any disagreements were resolved by discussion between them. The
summarised quality assessment for every single study is reported in Figure 1. The most
frequently encountered risks of bias were the absence of data regarding randomisation (all
studies), blinding (thirteen studies) and sample size justification (thirteen studies). Critical
appraisal was summarised by adding up the points for each criterion of potential risk
(points: 1—low, 0.5—unspecified, 0—high). Seven studies (46.7%) were classified as having
“good” quality (≥80% total score) and eight (53.3%) as “intermediate” (≥60% total score).

Table 1. Inclusion and exclusion criteria according to PICOS.

Parameter Inclusion Criteria Exclusion Criteria

Population

Patients with autoimmune thyroid diseases,
including Graves’ disease and Hashimoto’s

thyroiditis—aged from 0 to 99 years,
both genders

Patients with other autoimmune diseases

Intervention Not applicable
Comparison Not applicable

Outcomes
Salivary alterations quantitative

(e.g., hyposalivation) and/or qualitative
(e.g., biomolecules)

Other salivary alterations (e.g., microbiota)

Study design Case-control, cohort and cross-sectional studies Literature reviews, case reports, expert opinion,
letters to the editor, conference reports

Published until 27th September 2022 Not published in English

The level of evidence was assessed using the classification of the Oxford Centre for
Evidence-Based Medicine levels for diagnosis [23]. All of the included studies have the
third or fourth level of evidence (in this 5-graded scale).
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3. Results

Following the search criteria, our systematic review included fifteen studies, demon-
strating data collected in twelve different countries from a total of 473 participants with
diagnosed autoimmune thyroid diseases (including 46 with GD and 427 with HT). Figure 2
shows the detailed selection strategy of the articles. The inclusion and exclusion criteria are
presented in Section 2.

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 5 of 16 
 

 

 
Figure 2. PRISMA flow diagram presenting the search strategy. 

From each eligible study included in the present systematic review, we collected data 
about its general characteristics, such as year of publication and setting, involved partici-
pants, AITD diagnosis, inclusion and exclusion criteria of patients, smoking status and 
pharmacological treatment. Table 2 presents the general characteristics for studies dealing 
mainly with qualitative assessments of saliva. The detailed characteristics considering 
types of saliva, methods of collection, centrifugation, storing and laboratory analysis, 
method of salivation assessment, as well as potential salivary markers for AITD from 
these studies are reported in Table 3. The included studies similarly concerned both GD 
and HT patients, unfortunately rarely reporting smoking status. Not all studies had a con-
trol group due to the cross-sectional design. Two papers by the same authors present a 
similar group of patients with HT—however, one includes only untreated patients, and 
the other already treated, and in these studies, completely different markers were deter-
mined. Most studies concerned unstimulated saliva, and only a few—additionally stimu-
lated. Only half of these studies determined flow rate. Each study identified different 
types of markers (e.g., cytokines, chemokines, antioxidants, hormones) without being able 
to compare these results. Centrifuge and storage parameters varied, but freezing temper-
atures were typically below −20 °C until the biochemical analyses. Moreover, Table 4 
shows the general characteristics for studies describing only a quantitative assessment of 
saliva. Most of these studies involved patients with HT. Almost all evaluated both types 
of saliva (unstimulated and stimulated) with a scintigraphic evaluation of salivary gland 
functions. 

Figure 2. PRISMA flow diagram presenting the search strategy.

From each eligible study included in the present systematic review, we collected
data about its general characteristics, such as year of publication and setting, involved
participants, AITD diagnosis, inclusion and exclusion criteria of patients, smoking status
and pharmacological treatment. Table 2 presents the general characteristics for studies
dealing mainly with qualitative assessments of saliva. The detailed characteristics consider-
ing types of saliva, methods of collection, centrifugation, storing and laboratory analysis,
method of salivation assessment, as well as potential salivary markers for AITD from these
studies are reported in Table 3. The included studies similarly concerned both GD and
HT patients, unfortunately rarely reporting smoking status. Not all studies had a control
group due to the cross-sectional design. Two papers by the same authors present a similar
group of patients with HT—however, one includes only untreated patients, and the other
already treated, and in these studies, completely different markers were determined. Most
studies concerned unstimulated saliva, and only a few—additionally stimulated. Only half
of these studies determined flow rate. Each study identified different types of markers
(e.g., cytokines, chemokines, antioxidants, hormones) without being able to compare these
results. Centrifuge and storage parameters varied, but freezing temperatures were typi-
cally below −20 ◦C until the biochemical analyses. Moreover, Table 4 shows the general
characteristics for studies describing only a quantitative assessment of saliva. Most of these
studies involved patients with HT. Almost all evaluated both types of saliva (unstimulated
and stimulated) with a scintigraphic evaluation of salivary gland functions.
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Table 2. General characteristics of included studies considering mainly qualitative assessments of saliva.

Author, Year Setting Study Group (F/M);
Age

Control Group (F/M);
Age

AITD
Diagnosis Inclusion Criteria Exclusion Criteria Smoking Status Pharmacological

Treatment

Ford et al., 1997 [24] New Zealand 38 (NR); NR 93 (NR); NR GD Hyperthyroidism NR NR CBZ, 370 MBq 131I
Higashi et al., 2011 [25] Japan 2 (2/0); 22–43 16 (6/10); 22–41 GD Diagnosed with GD NR NR Untreated

Morawska et al., 2021 [26] Poland 25 (25/0); 34.5
(27.8–41.5)

25 (25/0);
34.3 (27.2–42.0) HT

Euthyroid HT who had
never been treated with

synthetic or natural
thyroid hormones or

had any other
treatments applied, no

other diseases

BMI < 18.5 and >25, periodontal disease,
candidiasis, inflammation in the oral

mucosa, poor oral hygiene, presence of
multiple dental deposits, medications

on a permanent basis, other than second
phase of the menstrual cycle (between

the 18th and 25th day), weight-loss diet
and significantly changed lifestyle

(during 6 months preceding the
research), consumption of alcohol not

only occasionally and addiction to other
stimulants

Non-smokers Untreated

Morawska et al., 2020 [27] Poland 45 (45/0); 35 (29–43) 45 (45/0); 35 (29–43) HT

Not any associated
diseases, including
other autoimmune

diseases or depression;
Ctrl: normal serum

TSH, fT4, anti-TG and
anti-TPO levels as well

as thyroid imaging
(homogenous

parenchyma without
nodules) on USG

BMI < 18.5 and >25, any drugs that
could affect saliva secretion (mainly

antidepressants or drugs for
hypertension) or its redox status
(vitamins, antioxidants) within 3
months prior to saliva collection,

reducing diet, periodontitis, gingivitis,
active foci of odontogenic infections,

any amount of alcohol or other
stimulants

Non-smokers

24 patients treated with
LT4 (doses from 50 to 150
mg; the last tablet taken
24 h before the hormone
level test) and 21 patients

untreated

Pelewicz et al., 2020 [28] Poland 14 (11/3); NR NA GO
Euthyroidism within

the last 3 months before
the study

Diagnosis of adrenal insufficiency,
treatment with GCs or medication

altering the plasma CBG and serum
DHEA-S levels within the last 6 months

before the study, medical conditions
altering CBG levels

NR IVMP followed by oral
prednisone

Rao et al., 2010 [29] India 30 (28/2);
28.85 ± 8.83

20 (17/3);
31.82 ± 9.39 HT Clinical features of

hypothyroidism

Ctrl: existence of any comorbid cardiac,
autoimmune, infectious,

musculoskeletal, malignant disease,
oral disease; recent history of operation

or trauma; pregnancy, peri- or
postmenopausal age; drug regimen

NR NR

Tumilasci et al., 1996 [30] Argentina GD: 8 (NR); NR
HT: 10 (NR); NR 6 (NR); NR GD, HT Diagnosed with AITD NR NR LT4

Van Herle et al., 1989 [31] USA GD: 21 (NR); NR
HT: 9 (NR); NR 10 (NR); NR GD, HT

Ctrl: no thyroid
disorders; age between

14 and 52 years
NR NR NR

Legend: F, females; M, males; AITD, autoimmune thyroid disease; GD, Graves’ disease; GO, Graves’ orbitopathy; HT, Hashimoto’s thyroiditis; Ctrl, controls; NR, not reported; NA, not
applicable; BMI, body mass index; CBZ, carbimazole; TSH, thyroid stimulating hormone; fT4, free thyroxine; anti-TG, thyroglobulin antibody; anti-TPO, thyroid peroxidase antibody;
USG, ultrasonography; LT4, levothyroxine; GCs, glucocorticoids; CBG, cortisol-binding globulin; DHEA-S, dehydroepiandrosterone sulphate; IVMP, intravenous methylprednisolone.
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Table 3. Detailed characteristics of included studies considering mainly qualitative assessments of saliva.

Author, Year AITD
Diagnosis Type of Saliva and Method of Collection Centrifugation and Storing Method of Analysis Method of Salivation

Assessment
Potential Salivary

Biomarkers

Ford et al., 1997 [24] GD
Stimulated saliva collected over a 5 min period

during which the subject chewed raw gum (chicle)
and spat into a plastic container

Lysozyme activity and total protein
concentration determined on fresh specimens
left at 5 ◦C overnight; other assays performed
on specimens frozen at −70 ◦C up to 3 weeks

Protein assay kits based on
the method of Bradford,

Hitachi 717 random access
analyser

Flow rate (mL/min)

Up: urate (p-value < 0.02),
potassium (p-value < 0.01);

down: total protein,
calcium (p-value < 0.02),
lactate dehydrogenase

(p-value < 0.01)

Higashi et al., 2011 [25] GD Unstimulated saliva (ca. 1 mL) directly collected into
a collecting tube; at least 1 h after any food intake

Stored below −15 ◦C until the analysis; after
thawing, centrifuged at 1000× g for 10 min

Stable isotope-dilution
liquid

chromatography/tandem
mass spectrometry method

NR T4

Morawska et al., 2021 [26] HT

Unstimulated whole saliva collected into a
centrifuge tube placed in a container with ice for 15

min, one day after blood collection and dental
examination, between 7 a.m. and 9 a.m., on an

empty stomach (last meal at least 10 h earlier) and
did not perform any oral hygiene procedures on this

day other than rinsing the mouth with water

Centrifuged for 20 min at 4 ◦C, 10,000× g,
and frozen at −80 ◦C for no longer than 4

months, until assayed

Bio-Plex Pro Human
Cytokine Assay (a

multiplex assay based on
magnetic beads)

Flow rate (mL/min)
measured with a
calibrated pipette

Cytokines: up: IL-3, IFN-γ,
IL-5, IL-6, TNF-α, IL-12

(p40), HGF, IL-1α, IL-1β,
IL-1RA, down: IL-8, IL-10;

chemokines: up:
CCL27/CTACK,

CXCL1/Gro-α; growth
factors: up: G-CSF, VEGF,

TRIAL

Morawska et al., 2020 [27] HT

Whole saliva unstimulated (for 15 min) and
stimulated (after a 5 min break, for 5 min), collected
via the spitting method into plastic centrifuge tubes
placed in ice containers, between 8 a.m. and 10 a.m.;

participants advised to refrain from consuming
meals and drinks other than clean water, performing

oral hygiene procedures for 2 h and taking any
medications for 8 h; the first-minute sample

discarded; stimulation triggered by dripping 100 µL
2% citric acid under the tongue every 20 s; to avoid

oxidation, 0.5 M BHT added

Centrifuged for 20 min at 4 ◦C, 10,000× g,
and frozen at −80 ◦C for no longer than 6

months, until assayed

Spectrophotometry, ELISA,
colorimetry

Flow rate (mL/min)
measured with a pipette

calibrated to 0.1 mL

Up: total protein, IL-1β,
CAT, Px, AGE, AOPP,

LOOH, MDA (p-value <
0.0001); down: amylase,

GSH, UA (p-value <
0.0001), SOD (p-value <
0.05, only unstimulated)

Pelewicz et al., 2020 [28] GO

Using a Salivette® commercial device; at three time
points: directly before administration of the 1st and

12th IVMP pulses and after the cessation of oral
prednisone therapy, between 8:00 and 9:00 a.m. after

fasting

Stored at −20 ◦C until analysis A first-generation Elecsys®

cortisol assay NR Cortisol (decreased after
oral prednisone therapy)

Rao et al., 2010 [29] HT
Unstimulated whole saliva collected by passive

drooling into an ice-chilled polypropylene vial to a
volume about 2 mL, at least 2 h after any food intake

Stored below −20 ◦C until the analyses ELISA NR C-reactive protein (ns)
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Table 3. Cont.

Author, Year AITD
Diagnosis Type of Saliva and Method of Collection Centrifugation and Storing Method of Analysis Method of Salivation

Assessment
Potential Salivary

Biomarkers

Tumilasci et al., 1996 [30] GD, HT

Stimulated total parotid saliva obtained by use of a
CarlsonCrittenden cannula after stimulation with a
solution of citric acid 0.1 M for 3 min; between 08:00

and 09:00 a.m. after fasting

Frozen so the TRAb assay could be carried
out monthly TRAb receptor assay Flow rate (mL/min) TRAb

Van Herle et al., 1989 [31] GD, HT

Unstimulated saliva from 2 to 10 mL in a clean
disposable plastic container, from 5 to 30 min;

patients asked to discard first salivary discharge 1
min after rinsing with water

After the collection immediately
centrifugated at 10,000 rpm (5 min) and

stored at −20 ◦C; immediately before the
assays thawed and recentrifuged at 3500 rpm

at 4 ◦C

Radioimmunoassay NR Tg and TgAb

Legend: AITD, autoimmune thyroid disease; GD, Graves’ disease; HT, Hashimoto’s thyroiditis; GO, Graves’ orbitopathy; NR, not reported; T4, thyroxine; IL-3, interleukin 3; IFN-γ,
interferon γ; IL-5, interleukin 5; IL-6, interleukin 6; TNF-α, tumour necrosis factor α; IL-12, interleukin 12; HGF, hepatocyte growth factor; IL-1α, interleukin 1α; IL-1β, interleukin
1β; IL-1RA, interleukin 1 receptor antagonist; IL-8, interleukin 8; IL-10, interleukin 10; CCL27/CTACK, c-c motif chemokine ligand 27/cutaneous T cell-attracting chemokine;
CXCL1/Gro-α G-CSF, chemokine (C-X-C motif) ligand 1/granulocyte colony stimulating factor; VEGF, vascular endothelial growth factor; BHT, butylated hydroxytoluene; ELISA,
enzyme-linked immunoassay; CAT, catalase; Px, peroxidase; AGE, advanced glycation end products; AOPP, advanced oxidation protein products; LOOH, lipid hydroperoxides; MDA,
malondialdehyde; GSH, reduced glutathione; UA, uric acid; SOD, superoxide dismutase; IVMP, intravenous methylprednisolone; ns, non-significant; TRAb, thyrotropin receptor
antibody; Tg, thyroglobulin; TgAb, thyroglobulin antibody.

Table 4. Characteristics of included studies considering only quantitative assessments of saliva.

Author, Year Setting Study Group
(F/M); Age

Control Group
(F/M); Age

AITD
Diagnosis Inclusion Criteria Exclusion Criteria Smoking Status Pharmacological

Treatment Method of Salivation Assessment

Agha-Hosseini
et al., 2016 [32] Iran 40 (40/0);

39.20 ± 13.8
40 (40/0);

38.95 ± 14.2 HT
Diagnosed with HT;
euthyroidism at the

time of the study

Smoking; neurologic drugs;
steroids therapy;

pregnancy; breast feeding;
taking xerogenic medical
agents; oral candidiasis;
unfavorable oral health

conditions (PPD > 3 mm);
history of head and neck
radiation; diagnosis of an
immunological disorder,
diabetes, any infectious

disease, any malignancy, or
any other systemic disease

Non-smokers LT4

The flow rate calculated in
milliliters per minute (under

resting conditions in a quiet room
between 8 a.m. and 9 a.m.);

unstimulated (by expectoration
without chewing movements) and
stimulated (by chewing a piece of
paraffin of identical size, after 60 s
of pre-stimulation and swallowing

the saliva present in the mouth)
whole saliva collected over a

period of 5 min in a calibrated and
dry plastic tube

Chang et al.,
2003 [33] Taiwan 120 (67/53); 35–75 36 (13/23); 37–75 HT

History of
autoimmune

thyroiditis for more
than 10 years from the

time of diagnosis

Smoking; bad blood sugar
control; autonomic

neuropathy;
immunorheumatic, other

endocrine, gastrointestinal,
hepatobiliary, renal diseases

Non-smokers NR

Quantitative salivary scintigraphy
after intravenous injection of 5

mCi Tc-99m pertechnetate
(including the bilateral parotid and
submandibular glands) for 30 min;
at 15 min, stimulation with a 200
mg ascorbic acid tablet placed on
the dorsal surface of the tongue
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Table 4. Cont.

Author, Year Setting Study Group
(F/M); Age

Control Group
(F/M); Age

AITD
Diagnosis Inclusion Criteria Exclusion Criteria Smoking Status Pharmacological

Treatment Method of Salivation Assessment

Changlai et al.,
2002 [34] Taiwan 40 (17/23); 41–70

Xerostomia (−): 36
(13/23); 37–75;

Xerostomia (+): 25
(7/18); 35–76

HT

History of
autoimmune

thyroiditis for more
than 10 years

Smoking; bad blood sugar
control; autonomic

neuropathy;
immunorheumatic, other

endocrine, gastrointestinal,
hepatobiliary, renal diseases

Non-smokers NR

Quantitative salivary scintigraphy
after intravenous injection of 5

mCi Tc-99 m pertechnetate
(including the four major salivary

glands) for 30 min; at 15 min,
stimulation with a 200 mg ascorbic

acid tablet given orally
Coll et al.,
1997 [35] Spain 176 (152/24);

18–85 (49.3) NA GD, HT Diagnosed with AITD NR NR NR Salivary gland scintigraphy

Jung et al.,
2017 [36]

Republic of
Korea

173 (144/29);
53.3 ± 13.3 NA GD, HT Symptoms of

xerostomia

Drug-induced xerostomia;
history of radiation therapy,
surgery for head and neck
tumors (including thyroid

cancer)

NR NR

Salivary gland scintigraphy after
the intravenous injection of 370

MBq Tc-99 m pertechnetate
(including the major salivary

glands and the thyroid gland) over
a 20-min period; then 10 min after
the stimulation with a sialagogue

the same acquisition time

Pang et al.,
2021 [37] China 32 (32/0); 36 ± 12 28 (28/0); 40 ± 12

HT
accompanied

by DTC.

Undergone
thyroidectomy for

differentiated thyroid
cancer; no history of

radioiodine treatment;
xerostomia symptoms;
hypothyroidism at the

time of the study

Sjogren’ syndrome or other
immunopathy; external

radiotherapy to the head
and neck; smoking; intake
of medications that may

cause xerostomia

Non-smokers

Radioiodine
treatment

preparation with
LT4 medication

(discontinued for
at least one

month)

Salivary gland scintigraphy after
the intravenous injection of 185

MBq (5mCi) Tc-99 m pertechnetate
(including the parotid glands,

submandibular glands, and upper
neck) over a 15-min period; at 10
min, stimulation with a 300 mg
vitamin C tablet placed on the

dorsal surface of the tongue

Warfvinge et al.,
1992 [38] Sweden 19 (16/3); 46–61

(54.5) 12 (8/4); 56–73 (66.8) HT
Diagnosed with

autoimmune
thyroiditis

NR NR NR
Unstimulated whole sialometry

(abnormal if ≤1.5 mL saliva in 15
min); salivary gland scintigraphy

Legend: F, females; M, males; AITD, autoimmune thyroid disease; GD, Graves’ disease; HT, Hashimoto’s thyroiditis; NR, not reported; NA, not applicable; DTC, differentiated thyroid
cancer; PPD, periodontal probing depth; LT4, levothyroxine.
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Table 5 demonstrates the reported saliva flow rate values. Significantly reduced
saliva secretion can be observed in patients with HT, especially for unstimulated saliva.

Table 5. Saliva flow rates reported in the included studies (data presented as medians with interquar-
tile range or min–max).

Study AITD
Diagnosis Type of Saliva Saliva Flow Rate (mL/min)

Study Group Control Group p-Value

Ford et al., 1997 [24] GD Stimulated 1.4 (0.3–3.7) 1.2 (0.02–4.5) <0.05
Morawska et al., 2021 [26] HT Unstimulated 0.27 (0.1–0.61) 0.67 (0.46–0.89) <0.0001

Morawska et al., 2020 [27] HT
Unstimulated 0.32 (0.07–0.77) 0.51 (0.27–0.96) 0.02

Stimulated 0.90 (0.20–2.00) 1.01 (0.90–2.00) ns

Agha-Hosseini et al., 2016 [32] HT
Unstimulated 1.25 (0.90) 2.00 (2.14) 0.018

Stimulated 2.87 (3.29) 3.50 (3.37) 0.470

Legend: AITD, autoimmune thyroid disease; GD, Graves’ disease; HT, Hashimoto’s thyroiditis; ns, not significant.

4. Discussion

In the following discussion, saliva analysis was divided into two subgroups: quantita-
tive assessment analysing salivation and qualitative assessment concerning markers. This
section structure was established intentionally because of the considerable heterogeneity of
the discussed studies.

4.1. Quantitative Assessment of Saliva

For many years, researchers have been using sialometry and scintigraphy in the
process of quantitative analysis of saliva, which assesses salivary gland function. Many
scientists see the potential of these methods in the study of thyroid diseases (TD).

In 1992, Warfvinge et al. [38] was one of the first to conduct a study investigating
salivary gland involvement in autoimmune thyroiditis (AT). Salivary gland function was
assessed by unstimulated whole sialometry, lower lip salivary gland biopsy and salivary
gland scintigraphy. Eleven of 19 cases of Hashimoto’s thyroiditis (HT) showed different
degrees of salivary gland implication. In addition, the frequency of primary Sjögren’s
syndrome (SS) among patients with autoimmune thyroiditis was established with lacrimal
gland function tests—six of these cases fulfilled the criteria. The authors suggested that
meaningful involvement of salivary glands may occur. Such findings indicate the concept
that focal lymphocytic infiltration of minor salivary glands may represent an epiphe-
nomenon, somehow related to a common tendency of the immunoreactive cells of diseases
such as primary SS and AT to interact with epithelial tissue.

A decade later, the team of Changlai et al. [34] also investigated salivary function in
patients with autoimmune thyroiditis, but in a group of 40 individuals. Among the exclu-
sion criteria, apart from smoking, were bad blood sugar control, autonomic neuropathy,
immunorheumatic and other endocrine, gastrointestinal, hepatobiliary and renal diseases.
Participants were divided into two subgroups: patients with xerostomia and patients
without xerostomia, and then salivary function was evaluated by objective, quantitative
salivary scintigraphy. Uptake and excretion ratios were calculated. The study showed
impaired salivary function in patients with AT. Significantly poorer salivary function was
found in Hashimoto’s thyroiditis participants with xerostomia.

A year later, Chang et al. [33] published a quite similar study considering salivary
gland function in patients with autoimmune thyroiditis, but carried out on a wider group—
120 participants. The same exclusion criteria and division into subgroups were used.
Interestingly, the results and conclusions after objective quantitative salivary scintigraphy
were similar. The authors found significantly decreased uptake and excretion ratios values
in AT patients with xerostomia which proved impaired salivary function.

Moreover, Agha-Hosseini et al. [32] focused their research on salivation in Hashimoto’s
thyroiditis. Forty non-smoker women diagnosed with autoimmune thyroiditis without
any other systemic disease were enrolled in the study. Stimulated and unstimulated whole
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saliva samples were collected, and the flow rate was calculated in millilitres per minute.
Patients with HT demonstrated higher xerostomia, especially the difference in unstimulated
salivary flow rate was significant. The authors suspected that autoimmune diseases could
be accompanied by salivary gland dysfunction because of cytokines in the autoimmune
process or thyroid hormone disorder.

In the year 2021, Pang et al. [37] conducted a study investigating salivary gland
function in women with Hashimoto’s thyroiditis accompanied by differentiated thyroid
cancer, interestingly without xerostomia. Moreover, for the first time, they analysed the
correlation with auto-thyroid antibodies. The authors concluded that women without
xerostomia may not present salivary functional impairment during hypothyroidism, despite
Hashimoto’s thyroiditis. Furthermore, the serum thyroid autoantibody and TSH values
correlated with salivary excretive function.

Among thyroid diseases, not only Hashimoto’s thyroiditis is the subject of research.
The goal of the study led by Coll et al. [35] was to evaluate the prevalence of subclinical
Sjögren’s syndrome features among individuals with thyroid diseases, except HT, also Graves’
disease and primary myxedema. Salivary scintigraphy, labial salivary gland biopsy and
immunohistopathological studies were carried out on 176 participants. The results presented
that a third of patients with autoimmune TD had Sjögren’s syndrome features. The authors
postulated that these diseases are associated and closely related pathogenetically.

Jung et al. [36] also examined a large group, mainly women, to estimate the prevalence
of thyroid disease, like Hashimoto’s thyroiditis, subacute thyroiditis, subclinical hypothy-
roidism and Graves’ disease in participants with xerostomia. Furthermore, they were
concerned about the efficacy of salivary gland scintigraphy in the detection of TD. Based on
results showing that more than half of the patients with xerostomia suffered from thyroid
diseases, the researchers suggested that symptoms of xerostomia should be considered as
possible signs of them.

To sum up, patients with HT demonstrate reduced saliva secretion. This is true since
around half of these patients have clinical and histopathological features of salivary gland
inflammation, and a substantial proportion of them fulfil the criteria for Sjogren’s syndrome.

4.2. Qualitative Assessment of Saliva

Additionally, qualitative assessment of saliva, that is, the detection of biomarkers, is
used in research related to thyroid diseases.

Morawska et al. [27] juxtaposed stimulated and unstimulated whole saliva of Hashimoto’s
thyroiditis patients, considering oxidation markers. HT individuals presented significantly
lower levels of salivary amylase activity, reduced glutathione and uric acid compared to
those in the control group. However, the activity of peroxidase, catalase as well as levels of
total protein and IL-1 were notably higher in the examined subjects. Generally, Hashimoto’s
thyroiditis patients showed lower antioxidant potential. A significant increase in oxidatively
modified molecules in saliva suggests the failure of the salivary gland antioxidant barrier to
combat excess ROS production. In these patients, salivary oxidative stress appeared to be
closely connected with autoimmunity-related inflammation, and not with the level of thyroid
hormones or TSH. Moreover, the decreased secretory function of the submandibular glands
of HT female patients in euthyreosis manifested with a significant reduction of unstimulated
saliva secretion.

A year later, a similar research team [26] investigated cytokines, chemokines and
growth factor levels in patients with Hashimoto’s thyroiditis in unstimulated whole saliva.
Endocrine individuals demonstrated elevated levels of cytokines associated with Th1
lymphocyte activation, interleukins connected with Th2 lymphocyte activation, TNF-α,
IL-12 (p40), HGF, IL-1α, IL-1β, IL-1RA, CCL27/CTACK and CXCL1/Gro-α, G-CSF and
VEGF. Additionally, the general protein concentration was higher than that in the healthy
group. On the contrary, levels of salivary IL-8 and IL-10 were lower. The highest predictive
values showed IFN-γ and IL-12 (AUC = 0.910, 95% CI: 0.828–0.993 and AUC = 0.861,
95% CI: 0.755–0.966, respectively). The authors concluded that the cytokine levels in the
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saliva and plasma of patients with untreated euthyroid HT did not indicate the dominance
of any of the branches of the immune response. However, salivary IL-12 (p40) may be
helpful in assessing the progression of autoimmunity-related inflammation in the course
of HT. Furthermore, IL-6 and IL-1 as well as INF-γ, TNF-α, and IL-12 may be potential
biomarkers for salivary gland dysfunction in HT.

On the other hand, Rao et al. [29] examined C-reactive protein (CRP) levels in patients
with Hashimoto’s thyroiditis, but also subacute thyroiditis (ST). They determined whether
there were differences compared to the control group. Saliva collected from HT patients
did not show significant CRP concentration disproportions. However, ST presented higher
levels of CRP, as opposed to HT and euthyroid groups. It indicated that salivary CRP could
be used as an inflammatory marker, which could also be helpful with clinical evaluation by
using a non-invasive and minimally stressful sampling methodology.

Tumilasci et al. [30] considered thyrotropin receptor antibodies (TRAb) in parotid
saliva and serum in patients with Graves’ disease, Hashitoxicosis and Hashimoto’s thy-
roiditis. They compared levels of TRAb in saliva and serum. It appeared they were higher
in stimulated saliva rather than in serum in all three aforementioned diseases. The differ-
ences between the pathologies in serum and saliva were very slight in considered ailments.
The significant one was between Graves’ and Hashitoxicosis individuals. Serum TRAb
may be used to diagnose and evaluate Graves’ progression. The authors recommended the
parotid salivary assay as a complementary study in patients with thyroid diseases due to a
good correlation between salivary and serum TRAb levels.

Similarly, Van Herle et al. [31] were interested not only in HT but also in other various
thyroid disorders. They studied the appearance of serum TgAb in saliva of patients who
had TgAb in their sera. There were no statistically significant differences between the
control and thyroid-malfunction groups for mean thyroglobulin salivary concentration.
Individuals with elevated Tg levels and TgAb negative sera did not display higher salivary
Tg extents. In spite of detecting thyroglobulin in saliva, it was impossible to use this as a
marker to assess the risk of thyroid cancer or Graves’ disease repercussions.

Some scientists focused their studies on hyperthyroidism, especially Graves’ disease.
Ford et al. [24] investigated possible changes in saliva constituents in hyperthyroidism
after administering an ablative dose of radioactive iodine. The examined group presented
an increase in salivary flow, as well as urate and potassium concentrations. On the other
hand, they observed a decrease in total protein and calcium concentrations along with
lactate dehydrogenase activity. After the intake of radioactive 370 MBq iodine, there were
no significant changes for most of the salivary components. The researchers observed some
positive trends in the levels of N-acetylglucosaminidase (NAG), IgA and total protein. It
could be attributed to the effects of radiation on salivary glands, thyroid condition alteration
or both. Although the team detected some changes, concentrations of different components
varied based on the size of the subgroups. The authors suggested that clinically significant
salivary gland dysfunction was associated with the minor changes observed in total protein,
NAG activity and IgA.

Patients suffering from Graves’ disease were also enrolled in a study conducted
by Higashi et al. [25]. The researchers examined thyroxine levels in saliva. In order to
obtain the results, they used a stable isotope-dilution liquid chromatography/tandem mass
spectrometry method. The results showed that T4 concentrations were considerably higher
in studied subjects, as opposed to that in healthy individuals. It should be emphasised
that the measurements of salivary T4 could serve as a potential help in diagnosing Graves’
disease because of their repetitiveness and simplicity to perform.

Furthermore, Pelewicz et al. [28] examined patients with orbitopathy, which is a
consequence of Graves’ disease. The authors decided to check the impact of intravenous
methylprednisolone (IVMP) treatment in a group that suffered from Graves’ orbitopathy.
They noted no significant decrease in salivary cortisol before the administration of the 12th
IVMP pulse. Additionally, the researchers examined patients with oral prednisone therapy
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and came to the conclusion that there was a statistically significant decrease in salivary
cortisol levels. However, they did not note a considerable difference among age groups.

4.3. Study Limitations

Among the limitations of the review, the limitations of the individual included studies
should be pointed out first and foremost. Some studies had relatively small sample sizes,
without any justification, and not rarely unmatched groups by age or gender. Only one
research team tried to carry out sample size justification. Both randomisation and blinding
methods have not been described, but they do not significantly affect the performed studies.
A few articles (especially older ones) did not accurately present the inclusion and exclusion
criteria for participants in the study. The majority of participants suffered from HT, and a
significant minority from GD.

Moreover, the measurement of biomarkers in saliva has a lot of parameters that must be
considered (oral diseases, such as gingivitis, smoking status, saliva volume, environmental
temperature, season of the year as well as diurnal fluctuations of saliva production). Not
all of the included studies considered these parameters in their analyses. Additionally, the
appropriate method of storing and processing the specimens was not always well described
for the different substances used as biomarkers.

Diverse research models reporting different types of data did not allow to perform
any meta-analyses. In terms of diagnostic reliability, only one of the studies presented AUC
values (outside the article in the supplementary materials). In general, it must be said that
there is a lack of reliable reports on the effect of AITD on the composition of secreted saliva,
as well as its flow rate.

5. Conclusions

Based on the systematic review, it is not possible to unequivocally conclude if salivary
biomarkers can potentially be used in autoimmune thyroid disease diagnosis. Previous
studies show numerous limitations, which underlines the lack of scientific evidence in this
area about the salivary diagnostics of AITD. So far, AITD diagnosis has been relatively
easily performed on the basis of clinical and laboratory tests of thyroid function as well as
the presence of thyroid-disease-specific autoantibodies. Therefore, further investigations,
including salivation disorders, are necessary to validate these findings.
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