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Abstract Introduction: A sialolith is a salivary stone usually presenting with swelling and pain in

the affected salivary gland, most commonly the submandibular gland. There have been speculations

about the association between this condition and other systemic diseases, especially those forming

stones, such as nephrolithiasis and cholelithiasis. This systematic review and meta-analysis aimed to

summarize the studies assessing the relationship between cholelithiasis and sialolithiasis.

Methods: PubMed/MEDLINE, Scopus, Web of Science, and Embase electronic databases were

searched according to the keywords related to both disorders without any publication date or lan-

guage restriction. Case-control and cohort studies evaluating the relationship between salivary and

biliary stones were considered eligible. Quality assessment was performed following Newcastle-

Ottawa Scale (NOS) for quality assessment of case-control studies. All meta and statistical analyses
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were performed with Comprehensive Meta-Analysis software.

Results: Two studies fully complied with the defined eligibility criteria and were included, both

of which were case-control studies using national-scale databases. In both surveys, the prevalence of

previous gallstones in patients with sialolithiasis was compared to that of a control group. Though

one of the studies found that there is no relationship between sialolithiasis and cholelithiasis, the

meta-analysis revealed that previous cholelithiasis is significantly more prevalent among patients

with sialolithiasis (P = 0.000), with an odds ratio of 2.04.

Conclusion: It seems that cholelithiasis is significantly associated with an increase in salivary

stone formation. Therefore, a thorough salivary examination in all patients declaring current or

past cholelithiasis is recommended. However, more studies, especially prospective cohorts, are

needed to make firmer conclusions.

� 2023 THE AUTHORS. Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Salivary stones, also known as sialolithiasis, are pathologic cal-
cified entities found in the parenchyma or ductal system of sali-
vary glands, most commonly the submandibular gland and

Wharton’s duct (Williams, 1999). Typically, a sialolith consists
of concentric layers of organic and inorganic material sur-
rounding an amorphous, mineralized core that is softer than
its outer sections (Harrison, 2009, Kraaij et al., 2014). The

most frequent symptoms of this condition are saliva flow
obstruction and subsequent swelling and pain in the affected
gland (Zenk et al., 2012, Kraaij et al., 2014). The pain and

swelling are often intensified during meals and can last several
hours, interspersed with symptom-free periods (Levy et al.,
1962).

Salivary stones are the second most common disease of the
major salivary glands after mumps, accounting for almost one-
third of all salivary gland disorders, with a reported incidence

of one in 10,000 to one in 30,000 (El Deel et al., 1981, Huoh
and Eisele, 2011). Also, the rate is higher among males than
women, and the disease is primarily observed in patients
between the age of 30 and 60 (Grases et al., 2003, Smith
et al., 1996).

Despite the fact that the pathophysiology of sialolithiasis is
unclear, two main theories have been put forth. According to
certain theories, intracellular microcalcifications discharged

into the canal may serve as a nidus for further calcification
(Epivatianos et al., 1987, Harrison et al., 1997). According to
a second theory, germs, food particles, or other detritus from

the oral cavity may enter the salivary ducts and serve as a focal
point for the formation of calcification (Marchal et al., 2001).

Changes in the flow and composition of saliva might predis-

pose to sialolith formation. Higher protein content, viscosity,
and calcium concentration have been detected in patients with
salivary stones (Grases et al., 2003, Harrison, 2009, Su et al.,
2010). Moreover, the saliva of patients developing sialolith

contains a lower level of crystalization inhibitors, including
phytate, magnesium, and phosphate (Proctor et al., 2007, Su
et al., 2010). Additionally, patients with systemic conditions

that reduce saliva flow, such as diuretic use and smoking, are
more likely to experience salivary stones (Huoh and Eisele,
2011, Nederfors et al., 2004); however, even though Sjögren’s

http://creativecommons.org/licenses/by-nc-nd/4.0/
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syndrome causes a significant decrease in saliva flow, sialoliths
are not more common in Sjögren’s syndrome patients (Proctor
et al., 2007).

Lithiasis or stone formation also occurs in other parts of
the body, such as the urinary system (nephrolithiasis or
urolithiasis) and biliary system (cholelithiasis). This condition

has been on the rise globally, affecting approximately 5% of
the population, with a higher incidence among males aged
30–50 (Nagy et al., 2017).

Cholelithiasis, commonly known as gallstone, affects virtu-
ally 10% to 20% of adults worldwide and is considered one of
the most economically costly hepatobiliary diseases (Lammert
et al., 2016). Additionally, it is a significant risk factor for the

development of gallbladder cancer (Stinton and Shaffer, 2012).
Gallstone development is impacted by a number of factors,
including heredity, environmental influences, diabetes, and

metabolic syndrome, with high cholesterol secretion being a
major cause (Crawford et al., 2010). The prevalence of
cholelithiasis increases with age, with 15% of men and 24%

of women having gallstones by the age of 70. By the age of
90, these numbers increase to 24% and 35%, respectively
(Attili et al., 1995, Sanson and O’Keefe, 1996). However, over

80% of individuals with cholelithiasis remain asymptomatic
without any complications (Marschall and Einarsson, 2007,
Shrikhande et al., 2010).

Although these conditions affect different body parts, some

common factors contribute to their development; for instance,
because salivary stones are mainly made up of calcium carbon-
ate and calcium phosphates (Marchal and Dulguerov, 2003),

some researchers have suggested that there might be a link
between sialolithiasis and nephrolithiasis, as they may share
a similar underlying pathology (Lustmann et al., 1990, Wu

et al., 2016). Some associations between salivary stones and
stones in other organs or disorders have been proposed in
the literature. It has been reported that patients with sialolithi-

asis are more prone to developing nephrolithiasis (Harrison,
2009, Lustmann et al., 1990). Also, an association between
sialolithiasis and osteoporosis, which has been shown to be
linked with abnormal mineral concentrations in the blood, is

reported (Hung et al., 2016, 2019). Gout disease seems to pre-
dispose the formation of salivary stones predominantly com-
posed of uric acid (Williams, 1999). Some studies have

suggested that sialolith development is related to gallstone
(Hung et al., 2016, Kim et al., 2019).

This study aims to assess the association between sialolithi-

asis and cholelithiasis, given the high incidence of both situa-
tions and their potential shared risk factors. The objective of
this study is to inform both healthcare providers and patients
about the potential relationship between sialolithiasis and

cholelithiasis and to emphasize the importance of considering
cholelithiasis as a prognostic factor for sialolithiasis in order
to prevent further health complications.
2. Materials and methods

2.1. Protocol

This review was designed in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline (Page et al., 2021).
2.2. Information sources and search strategy

PubMed/MEDLINE, Scopus, EMBASE, and Web of Science
online databases were electronically searched using the terms
sialolithiasis, sialolith, salivary gland calculus or stone, sali-

vary duct calculus or stone, and cholelithiasis, choledocholithi-
asis, gallstone, biliary tract calculus or stone in March 2023.
No language or publication date or status restriction was
exerted. Selected citations were imported into EndNote 20.5

(Clarivate).

2.3. Eligibility criteria

Original research articles were selected on the basis of our
PECO question, which consists of the following criteria.

1. Participants: Both retrospective or prospective longitudi-

nal studies investigating the general population were included.
2. Exposure: The study needed to regard cholelithiasis or

gallstone as exposure. Studies considering other stones, includ-

ing nephrolithiasis or urolithiasis, and other hepatobiliary dis-
eases, such as jaundice or cirrhosis, were excluded.

3. Comparison: Since the prevalence of cholelithiasis can
vary significantly between groups of different races, sex, age,

and even socioeconomic status (Figueiredo et al., 2017,
Nascimento et al., 2022, Sun et al., 2009), studies had to
include a matched control group in order to compare the

results.
4. Outcome: Studies reporting sialolithiasis or salivary

stone in one or more major salivary gland(s) or its related sali-

vary duct were included. Patients who had a history of
sialolithiasis could be involved too. Although, the studies
regarding other salivary diseases, such as sialadenitis, Sjogren’s
syndrome, or sialectasis, were excluded. Included studies

needed to report the exact number of exposed and unexposed
patients developing sialolithiasis. However, studies reporting
risk ratio or odds ratio in which the number of affected and

unaffected patients could be calculated were also included.

2.4. Study selection and data extraction

Two authors (NF and RS) independently screened the
imported citations according to the eligibility criteria. A third
author (PH) settled conflicts. Finally, an expert author (HM)

investigated all the included studies. Full texts of included
studies were retrieved, and two authors (AA, AT) indepen-
dently extracted the following data into predesigned tables:

a) Number of cases and controls.

b) Age and gender distribution of patients.
c) Number of cases and controls developing gallstone.

2.5. Assessment of bias

Quality assessment was performed according to the Newcastle-
Ottawa Scale for Quality Assessment of Case-Control Studies

(Wells, 2011).

2.6. Meta-analysis

All statistical analyses, including meta-analysis, were per-
formed with Comprehensive Meta-Analysis V4 (Biostat).



Fig. 1 PRISMA flowchart of the systematic review.
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Cholelithiasis and sialolithiasis were defined as exposure and
event, respectively (Borenstein, 2022).
3. Results

3.1. Search and study selection

Three hundred and eighty-seven citations were imported from

the online database, 101 of which were duplicates and deleted.
After screening the imported citations by title and abstract, 14
articles were considered for full-text appraisal. Only two stud-
ies ultimately met the eligibility criteria of this review men-

tioned in section 2.3 and were included. Fig. 1. depicts the
PRISMA flow diagram of the current systematic review.
3.2. Quality assessment

According to Newcastle-Ottawa Quality Assessment Tool for
Ccase-Controol Studies, the quality of both studies was evalu-

ated based on object selection, comparability, and exposure.
Table 2 illustrates a summary of the quality of included stud-
ies. Each star in front of a question describes an appropriate

entry.
3.3. Characteristics of included studies

Both studies were retrospective case-control surveys, and they
both used databases of patients’ information. Kim et al. (2019)
used The Korean National Health Insurance Service (NHIS)

database, which includes records of the population of South
Korea. On the other hand, Hung et al. (2016) chose cases
and controls from the Taiwan National Health Insurance

(NHI) database, with more than 23.72 million records. They
both considered cholelithiasis as the exposure of their case-
control study. In both studies, cases were patients with a his-
tory of sialolithiasis; however, those who had a sialolith before

cholelithiasis were excluded. Controls were selected from the
general population and matched with cases according to age,
gender, urbanization level, and income. Characteristics of the

included studies and their descriptives are summarized in
Table 1. In the surveys of Hung et al. (2016) and Kim et al.
(2019), 62% and 73.1% of cases with sialolithiasis were

between 30 and 60 years old. Sialolithiasis was more common
in men in the Taiwanian cases studied by Hung et al. (2016),
although it was more frequently observed in women, as

reported by Kim et al. (2019). Even though Kim et al. (2019)
reported a significant relationship between sialolithiasis and
cholelithiasis, Hung et al. (2016) could not find any association
between the two entities.



Table 1 Characteristics of the included studies.

Authors,

year

Study

type

Matched Controls

(Ratio)

Sex

distribution

of cases

Participants Results

Casee (Sialolithiasis) Controls (No-Sialolithiasis)

Cholelithiasis No-

Cholelithiasis

Cholelithiasis No-

Cholelithiasis

Hung

et al.,

2015

Case-

Control

Yes, age and

sex (1:5)

M: 51.7%

F: 48.3

64 681 152 3573 A significant

association between

cholelithiasis and

sialolithiasis was

observed.

Kim

et al.,

2019

Case-

Control

Yes, age, sex,

income group,

region of residence,

and past medical

history (1:4)

M: 46.9%

F: 53.1%

8 753 27 3017 No significant

association between

cholelithiasis and

sialolithiasis was

found.
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3.4. Qualitative analysis

Meta-analysis revealed that prior cholelithiasis has a statisti-
cally significant correlation with the later development of sali-
vary stones (P = 0.000). Moreover, the calculated odds ratio

was 2.04 (1.53 – 2.70), which means people with cholelithiasis
are at higher risk of developing sialolithiasis. Fig. 2. depicts the
forest plot of this study with a confidence interval of 95%.
4. Discussion

Salivary gland or duct stones are the main cause of one-third

of salivary gland diseases and are typically characterized by
congestion in the salivary flow (Williams, 1999). Patients with
sialolithiasis usually suffer from swelling of the affected gland,

pain, and mal-tasted secretion, periodically (McGurk et al.,
2005). The association between prior cholelithiasis and later
sialolithiasis has been suggested in the literature (Hung et al.,

2016). Since the incidence of cholelithiasis is approximately
1000 times that of sialolithiasis (Huoh and Eisele, 2011,
Lammert et al., 2016), and the early diagnosis of sialolithiasis
can minimize the morbidity after the treatment (Avishai et al.,

2021), this possible relationship can be important for monitor-
ing patients who have suffered from cholelithiasis for early
diagnosis of sialolithiasis to lessen the burden of the treatment

for them. Therefore, this study has been set to be conducted
using a systematic search in the available literature to assess
the strength of this association. The results of the present study

showed that prior cholelithiasis has a very significant associa-
tion with later sialolithiasis development in patients
(P = 0.000), and patients with cholelithiasis are 2.04 times

more likely to have sialolithiasis in the future compared to
others.

Seventy to eighty percent of the chemical compound of sub-
mandibular salivary stones and 50% of that of parotid stones

are made up of inorganic components (Ekberg and Isacsson,
1981). The inorganic matrix is mainly composed of Octacalci-
umphosphate (Ca8H2(PO4)6�5H2O), Whitlockite (Ca3(PO4)2),

Brushite (CaHPO4�2H2O), and Hydroxyapatite (Ca5(PO4)3-
OH). (Burnstein et al., 1979), all of which contain calcium in
their structures. Besides, it has been shown that high amounts
of dietary calcium and hyperparathyroidism, which leads to
high blood and saliva calcium levels, can be associated with

the incidence of sialolithiasis (Stack Jr and Norman, 2008,
Waseem and Forte, 2005, Weinberger et al., 1974). On the
other hand, pigmented cholelithiasis prevalence is about 15%

among all gallstones (Jones et al., 2017), which is remarkable,
and calcium participates as calcium bilirubinate, calcium car-
bonate, calcium phosphate, and calcium palmitate in the struc-

ture of pigmented cholelithiasis and mixed stones (Weerakoon
et al., 2015). Furthermore, the relationship between hyper-
parathyroidism and hypercalcemia and cholelithiasis was sug-
gested before (Saito et al., 2021, Selle et al., 1972). These

common points could be a rationale for the strong correlation
between cholelithiasis and sialolithiasis.

Kim et al. (2019) evaluated the association between

cholelithiasis and sialolith development. According to their
findings, cholelithiasis was not more frequently observed in
the sialolithiasis group (1.05% [8/761]) than in the control II

group (0.88% [27/3044]), and there was no statistically signif-
icant difference between the two groups (Kim et al., 2019).
Despite a large number of participants (approximately 1 mil-
lion), only 761 patients were diagnosed with sialolithiasis.

Also, the included subjects were limited to the ones who
showed symptoms and visited a hospital seeking treatment,
while not all cases of cholelithiasis and sialolithiasis were

symptomatic. Therefore, their inclusion criteria underesti-
mated the incidence and association between sialolithiasis
and cholelithiasis.

In a case-control research, Wu et al. (2016) examined the
potential connection between sialolithiasis and nephrolithiasis
utilizing a population-based dataset. They reported a signifi-

cant difference in the prevalence of prior nephrolithiasis
between the patients diagnosed with sialolithiasis and patients
who were not (10.25% vs. 2.28%) with an odds ratio of 4.74
and 3.41–6.58 confidence interval (Wu et al., 2016). The

macro- and micro-structure of the hydroxyapatite salivary cal-
culi in patients suffering from sialolithiasis are roughly the
same as those in hydroxyapatite renal calculi. Thus, it is likely

that they share a similar mechanism of formation. While the
exact mechanism of sialolith formation remains a mystery,
their study demonstrates that sialolithiasis is significantly asso-

ciated with nephrolithiasis, proposing that the two could have
certain predisposing factors in common.



Table 2 Newcastle-Ottawa quality assessment tool for case-

control studies.

Criteria Question Hung

et al.

Kim

et al.

Selection

(Maximum

Is the case definition adequate?

Representativeness of the cases * *

Selection of Controls * *

Definition of Controls * *

Comparability: Comparability of cases and

controls on the basis of the design

or analysis

** **

Outcome Ascertainment of exposure

Same method of ascertainment

for cases and controls

* *

Non-Response rate * *

Total – 7

Stars

7

Stars
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In a case-control study, the risk of sialolithiasis in
nephrolithiasis patients was evaluated by Choi et al. (2018).

Using data from the same database of the Korean population
that Kim et al. (2019) used to assess the relationship between
sialolith and gallstone, 24,038 patients with nephrolithiasis

were selected. The rates of sialolithiasis in the nephrolithiasis
and the control groups were not significantly different
(0.08% vs. 0.1%), and they reported no evidence of an

increased risk of sialolithiasis associated with nephrolithiasis
(Choi et al., 2018). Although this was the first study using a
national public database to report a lack of association
between the prevalence of nephrolithiasis and sialolithiasis, it

was not a randomized clinical trial, and the subjects were all
Koreans. The stone disease varies between different ethnic
groups.
Fig. 2 Forest plot of the included case-control studies with odd ratio

and without sialolithiasis. Horizontal lines and squares represent study

ratio.
While sialolithiasis has a high incidence and potential
shared risk factors with cholelithiasis, a limited number of
studies discuss the correlation between them. Therefore, there

is insufficient data to comprehensively examine the role of
cholelithiasis as a prognostic factor for sialolithiasis. Hence
the two studies included in this article were done in the Thai

and Korean populations; studies in the other ethnical popula-
tions should be done for more information in this field. More-
over, given the similarities in structure and risk factors of these

calculuses, we highly recommend that more prospective studies
be done on the relationship between sialolithiasis and
cholelithiasis.
5. Conclusion

We found that cholelithiasis is significantly associated with an

increase in salivary stone formation. Therefore, a thorough
salivary examination in all patients declaring current or past
cholelithiasis is recommended. However, there is a lack of evi-
dence to make a firm conclusion, and further prospective stud-

ies should be conducted regarding this association.
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