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Abstract

Background. Osteoporosis is a metabolic disease characterized by increased bone fragility. As itis charac-
terized as a general skeletal disease, changes can also be seen in the stomatognathic system (edentulism,
wrong fitting of dentures, etc.). The question is whether early changes in the salivary mineral content and
acid-base balance may reflect skeletal status and risk of bone fracture.

Objectives. The objective of the study was to evaluate whether minerals in the saliva were associated with
skeletal fractures in a population of postmenopausal women.

Materials and methods. In this observational study, dental examinations along with the collection of saliva
were conducted in 117 randomly recruited women (mean age 64.6 +5.9 years). The study group included
23 study participants with fractures, of which 10 had a history of osteoporotic fractures. Saliva samples for
mineral content including copper (Cu), zinc (Zn), calcium (Ca), and phosphorus (P), as well as salivary pH
were collected and analyzed to determine associations between salivary mineral content and fracture risk.

Results. Asaresult, the median pH value was 6.8, and the median levels for Cu (0.35 umol/L), Zn (0.61 umol/L),
(a (0.7 mmol/L), and P (6.64 mmol/L) were observed. No differences were noted in salivary mineral content
and acid-basic balance between the fractured and non-fractured participants.

Conclusions. The results of our study suggest that salivary mineral content has limited usability in predicting
skeletal fragility in postmenopausal women when used alone.
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Background

Osteoporosis is a metabolic disease characterized by low
bone mass and deterioration of the bone microarchitecture
and quality, usually leading to increased bone fragility, which
in turn results in severe negative health outcomes.? There
are numerous risk factors that can contribute to age-related
decreases in bone mass in women. Hormonal disturbances,
such as hypogonadism and estrogen deficiency, long-term
glucocorticoid therapy, thyroid diseases, and a number
of chronic endocrine diseases are essentially associated with
bone loss and may be, indirectly, responsible for clinically sig-
nificant fractures.3~> Women after menopause, due to a rap-
idly progressing estrogen deficiency, are exposed to the det-
rimental effects on bone and, therefore, are at a higher risk
of osteoporosis. Along with hormonal insufficiency, they
also experience various co-morbidities influencing calcium-
phosphate and mineral metabolism that can increase bone
resorption and negatively affect bone quality and strength.
All those factors, along with a history of any previous frac-
ture (including all sustained significant fractures beyond
those related to osteoporosis), make postmenopausal women
more susceptible to increased skeletal fragility.®

A generalized compromised skeletal status resulting from
osteoporosis may be associated with alterations in other
mineralized tissues, including the teeth, and the alteration
of microelement levels, although the causal pathway remains
unclear.”~!! It has been reported that clinical manifestations
of osteoporosis in the stomatognathic system may result
in periodontal disease and a loss of teeth with all the con-
sequences, like wrong fitting of dentures and several dental
and oromandibular dysfunctions.!?"8 In the adult popula-
tion, the number of natural teeth can be recorded in the as-
sessment of osteoporosis, particularly to estimate the risk
of hip fracture.’® The connections through dental status, oral
diseases, bone mass, bone loss, and risk of osteoporosis have
been largely studied in adult and older populations. However,
available data are inconsistent to some extent and cannot be
generalized, mainly due to the variety of different research
methods used.?°-%

A question arises whether the aforementioned changes
in the masticatory system may reflect any changes in sali-
vary content and the acid-base balance. Another issue
is whether salivary characteristics and other markers mea-
sured in the saliva may accurately indicate, or correspond
to, general metabolic processes or measurable dysfunc-
tions of the skeleton.

Objectives

This study aimed to evaluate the relationship be-
tween salivary mineral content, saliva characteristics,
and the prevalence of fragility fractures in women after
menopause.
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Materials and methods
Patients

The study group was randomly selected from the popu-
lation of Zabrze in Silesia, Poland. The recruitment part
consisted of acquiring a list of 3,000 women aged over
55 years (which was 10% of the gender and age-specific
population) and sending them invitations to participate.
Of these women, 365 responded to the invitation. Out
of them, only 117 women agreed to visit the dental office
and adhered to the entire study protocol.

Specimen characteristics, assay methods

At the following stage, saliva was collected after a pre-
cise preparation of the standard to test salivary pH, cal-
cium (Ca), copper (Cu), phosphorus (P), and zinc (Zn)
content.?®~28 Prior to collection, all the participants were
told to refrain from eating, drinking, gum chewing, to-
bacco smoking, and oral hygiene procedures (mouth rinses,
flossing, brushing) for a minimum of 1 h before the col-
lection, and to avoid any dental work within 24 h prior
to sample collection. Visits occurred between 8:00 AM
and 11:00 AM. At the start of the appointment, study
participants were asked to rinse their mouth with deion-
ized water for 1 min. Afterwards, they spit the water out.
Five minutes after the oral rinse, unstimulated saliva was
gathered into a sterile graduated test tube. The spitting
method was conducted in accordance with standardized
guidelines. The collection lasted 5 min. The samples were
stored on ice and then refrigerated at —80°C immediately
after the saliva collection.

A questionnaire-based direct interview, medical records
and a clinical examination ascertained by the physician
were used to obtain data on past history of fractures, nu-
tritional habits, smoking, and long-term medical thera-
pies. At least 1 non-accidental fracture event after the age
of 40 years was included in the analysis, and all fractures
were confirmed using routine radiographs. Standard
anthropometric methods were used to evaluate weight
and height and to calculate body mass index (BMI) based
on a standard formula.

Study design

The research was a part of the Silesia Osteo Active Study,
which was conducted in 2015.262%30 A detailed descrip-
tion of the Ca, Zn, Cu, P, and pH assessment methods
was published in our previous work.?¢ The study obtained
the approval from the Ethics Committee at the Medical
University of Silesia (approval No. KN'W/0022/KB1/22/
111/14/15). Informed consent was collected from each par-
ticipant prior to the examinations.
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Statistical analyses

All statistical analyses were performed using Statistica
v. 13.3 program (StatSoft, Tulsa, USA). The assumption
of normality was tested with density functions and Shapiro—
Wilk tests. Normally distributed descriptive data were
presented as mean values + standard deviations (M +SD),
whereas data with a non-normal distribution were pre-
sented using the median and quartiles (15* quartile (Q1)
and 3" quartile (Q3)). Data with non-normal distribution
were analyzed using Mann—Whitney U and Spearman
rank tests. Data with normal distribution were analyzed
with the use of t-tests. Homogeneity tests were performed
using the Levene and Brown—Forsythe tests. A p-value
of less than 0.05 was considered statistically significant.

Results

The study group included 117 Caucasian women aged
64.6 +5.9 years, all of whom were at least 1 year post-meno-
pause, as self-reported. The mean BMI was 29.5 +4.7 kg/m?.
Full demographic data with main fracture-related factors
are presented in Table 1. The average number of teeth
presented was 13.2 9.1 (min 0, max 30). Twenty-three
participants (19.7%) experienced previous fractures that
had occurred after the age of 40 years. In 10 women (8.5%
of the whole study group), it was a clinically significant
result of low-energy trauma (low-energy fracture (LEF)).
In 16 participants (13.7%), the fracture location was
the wrist (in 7 cases, the wrist, radius, and/or ulna fractures
were classified as LEF), in 6 cases (5.1%), the ankle (includ-
ing 3 cases of LEF), and in 1 woman, a vertebral fracture
in the lumbar spine was found and assigned to a LEF.

The median value of salivary pH was 6.8 (Q1-Q3: 6.5-7.1),
while the median Ca concentration was 0.7 (Q1-Q3:
0.53-1.19) mmol/L, Cu 0.35 (Q1-Q3: 0.19—0.57) pmol/L,
Zn 0.61 (Q1-Q3: 0.15-1.22) umol/L, and P 6.64 (Q1-Q3:
5.73-8.07) mmol/L.

Mean salivary pH did not correlate with salivary mineral
content (Spearman’s rank correlation test p > 0.05). A sig-
nificant positive correlation was found between Cu and
Zn (r = 0.48) and Cu with P (r = 0.38) content (Spearman’s
rank test, p < 0.05). Concise results of the Spearman’s rank
test analysis are presented in Table 2. Next, participants
were stratified with regard to the history of any fractures

Table 2. Correlation between salivary mineral content (Spearman’s test), n = 117
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Table 1. Basic characteristics of the study group including demographic
data and morbidity

Variable | Value
Mean age [years] 64.6 +5.9
Mean age of menopause [years] 494 +52

variable nunjper percentage

of participants of group

BMI [kg/m?] 29.5+4.7
Underweight 0 0
Normal weight 21 17.9
Overweight 45 385
Obese 51 436
Past and current smoking 56 47.8
History of osteoporosis (based
on a previous single DXA scan and 27 23.1
interpretation)
Chronic kidney disease 7 6
Hypothyroidism 45 385
History of long-term glucocorticoid 8 68
therapy (>3 months) '
Hormone replacement therapy 43 368
(>3 years)

BMI — body mass index; DXA — dual energy X-ray absorptiometry.

Table 3. Homogeneity test results (Levene's test)

Analyzed parameter | F | df | p-value

Age 2.6 115 0111

Body mass index 0.18 115 0.669
Salivary pH 23 115 0.128
Salivary Ca concentration 1.2 115 0277
Salivary Cu concentration 04 115 0.531

Salivary Zn concentration 18.2 115 <0.001
Salivary P concentration 0.6 115 0432

Ca - calcium; Cu - copper; Zn - zing; P — phosphorus; df — degrees
of freedom.

that had occurred after the age of 40 years. To test for
homogeneity of variance, a Levene’s test was performed
(Table 3). It confirmed the homogeneity assumption
of the variance (p > 0.05) with respect to age, BMI, sali-
vary pH, Cu, P, and Ca concentrations. As it comes to Zn,
Levene’s test indicated heterogeneity between the groups.
Therefore, the comparison of the groups with respect to Zn

Analyzed parameter

Salivary Ca concentration

Salivary Cu concentration

Salivary Zn concentration Salivary P concentration

Salivary pH r=-0.17,p=0.106 r=-0.03,p=0.768 r=-0.06, p=0627 r=-0.16, p = 0.202
Salivary Ca concentration r=1 r=0.14, p=0.360 r=02p=0.171 r=012,p=0319
Salivary Cu concentration r=0.14,p=0.360 r=048,p<0.001 r=038p=0034
Salivary Zn concentration r=02,p=0171 r=048,p <0.001 r=1 r=0.12,p=0.501

Salivary P concentration r=012,p=0319 r=0.38,p=0034 r=0.12,p=0501 r=1
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Table 4. Comparison of the salivary mineral content between the subgroups according to fracture prevalence

| p-value

Test value | df

Compared parameter Without fracture With fracture Test used

Number and % of participants o (80‘33‘;555‘6 study 23(1 973(;55;?6 study _ _ _ _
Age (M £SD (95% Cl)) [years] 63.9+6.6 (62.6,65.2) 66.3 +7.7 (62.7,69.4) t-test t=-139 115 0.256
BMI (M £SD (95% CI)) [kg/m?] 29.5 +4.8 (28.5,30.4) 29.9 £4.3(28.03,31.8) t-test t=-043 115 0.648
H (median; Q1-Q3) 6.85;6.5-7.3 6.8;6.5-7 U Mann-Whitney U=9595 - 0.405
Cu (median; Q1-Q3) [umol/L] 0.36;0.2-0.62 0.33;0.15-0.54 U Mann-Whitney U=3265 - 0417
Zn (median; Q1-Q3) [umol/L] 0.61;0.15-1.07 0.61,0.1-1.38 U Mann-Whitney U=358 - 0.716
Zn (median; Q1-Q3) [mmol/L] 0.67;0.53-1.13 0.81,0.68-1.22 U Mann-Whitney U =561 - 0.533
P (median; Q1-Q3) [mmol/L] 6.7;5.8-7.8 6.46; 5.6-8.06 U Mann-Whitney U=337 - 0.83

Cu - copper; Zn - zinc; P - phosphorus; BMI - body mass index; M — mean; SD — standard deviation; 95% Cl — 95% confidence interval; Q1 — 1 quartile;

Q3 - 39 quartile; df — degrees of freedom.

concentration was performed with 2 independent sample
comparisons of the means test with unequal variance
(Welch’s test), but the p-value remained greater than 0.5
(w=-0.95,df = 11.07, p = 0.363), as well. In respect to age
and BMI, t-tests for independent groups were used, but
no significant differences were found (p > 0.05). For group
comparisons with respect to salivary pH, Cu, Ca, and P,
the Mann—Whitney U test was performed (p > 0.05). No
significant differences between fractured and non-frac-
tured participants were found (Table 4).

Discussion

This study attempted to evaluate the relationship be-
tween salivary mineral characteristics and clinically signif-
icant fractures in the female population. Despite negative
results, our report provides information on poorly stud-
ied (so far) associations indicating that further research,
preferably prospective studies, is needed. The relationship
between all fractures (osteoporotic and non-osteoporotic)
was analyzed, assuming that the prognostic power of prior
fractures as a risk of subsequent fractures is not affected
by the nature of the fracture. This was based on a recent
observation by Leslie et al.® There is still very little informa-
tion available on mineral content concentrations in saliva,
as well as the importance of selected individual minerals
in postmenopausal osteoporosis. Furthermore, it is be-
lieved that the composition of saliva changes with age.>!

The importance of Ca and P in bone turnover and
the role of minerals such as Zn and Cu in bone metabolism
are well known, although not all of their mechanisms of ac-
tion in postmenopausal osteoporosis are fully understood.
Zinc and Cu are important for bone integrity and elasticity,
whereas Cu induces low bone turnover by suppressing both
osteoblastic and osteoclastic functions. As a cofactor for
lysyl oxidase, Cu is required in the cross-linking of col-
lagen and elastin. Zinc is a constituent of about 300 en-
zymes. Moreover, it regulates the secretion of calcitonin
from the thyroid gland and impacts bone turnover. Zinc

deficiency causes a reduction in osteoblastic activity, col-
lagen and chondroitin sulfate synthesis, and alkaline phos-
phatase activity.32-34

There is a growing interest in diagnostic procedures
based on saliva testing. Saliva is increasingly used for
the early diagnosis of osteoporosis and fracture risk assess-
ment. The methods for collecting this biological material
are simple, cost-effective, painless, and, most importantly,
non-invasive and safe for both the patient and the opera-
tor.2”28 Saliva is regarded as a “mirror of the body” and
has a number of important roles, mainly in maintaining
the health of the oral cavity, while it may also indirectly
affect the entire human metabolism. One of the essential
functions of saliva is to maintain and protect the hard tis-
sues of the tooth by reassuring physicochemical balance
and providing a unique source of Ca and phosphate ions.?

Saliva contains ingredients that can act as buffers when
the pH is below or above their isoelectric point.?* The buf-
fers maintain the resting saliva pH between 5.7 and 6.2.
However, to ensure the integrity of the tooth structure,
the oral pH should be around 6.3 or higher. It has been
well documented that the dissolution of enamel oc-
curs when the pH falls below a critical pH, i.e., 5.5, and
that the acidic environment promotes demineralization
of the inorganic substance of the tooth. Median values
obtained in the present study proved to be quite simi-
lar in both subgroups (6.8-6.85) and matched normal
values.3%7 Slightly lower pH values were found in study
participants with fractures, but the difference was not
significant. Our results were similar to those observed
by Pereira et al., who compared postmenopausal women
with low bone mineral density (BMD) to controls without
bone loss and found a pH proportion of 7.1-7.2. However,
a weak correlation has been shown between BMD and pH
in the latter study.!! An impact of hormone replacement
therapy on an increase of salivary pH and, at the same
time, the reduction of Ca levels in saliva in postmeno-
pausal patients has been reported elsewhere.?®? Addi-
tionally, Tabor et al. conducted an epidemiological study
of randomly recruited postmenopausal women. The study
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demonstrated that a high calcium content in saliva, co-ex-
isting with a low pH, was associated with lower femoral and
spinal bone density in postmenopausal women.?® Contrary
to our results, Wasti et al. demonstrated that Ca content
in saliva may have been strongly indicative of the presence
or absence of osteoporosis in postmenopausal women.*°
Saha et al. also found a significant increase in salivary Ca
and alkaline phosphatase in study participants with os-
teoporosis and osteopenia compared to healthy controls.’
Noticeably, the methodological approach and the design
of a given study may, to a great extent, affect the interpreta-
tion of the results. Osteoporosis is commonly understood
as bone loss and decreased BMD, according to the current
practice guidelines and definition. However, the core ele-
ment of the disease is low energy fractures, implying major
clinical issues around menopause. Thus, the connection
between BMD and other mineralized tissues, such as teeth,
and the relationship between salivary minerals and bone
minerals may be obscured or misleading. Our study was,
therefore, focused strictly on the prevalence of fractures.

Limitations

The study has some limitations. Firstly, prospective ob-
servation was not performed, and the study population was
limited only to women. Further, the number of study partici-
pants with fractures was relatively small, yet reflected a gen-
eral rate of fragility in the population due to the randomized
approach. It is also possible that a few silent fractures may
have been omitted due to a lack of radiographic evidence.
Nevertheless, this appears to be the first report evaluating
salivary characteristics and postmenopausal fractures. Data
from larger populations, using a prospective design, would
be necessary to support or contradict our observations.

Conclusions

There was no association between salivary mineral con-
tent and the prevalence of fracture. The results of our study
suggest that salivary mineral content has limited usability
in predicting skeletal fragility in postmenopausal women,
and should therefore be regarded with caution in routine
practice.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.10429621. The package contains
the following files:

Supplementary Fig. 1. Scatterplots illustrating the re-
lationships between the data analyzed by the Spearman
correlation (salivary Ca, Cu, P, Zn, pH).

Supplementary Fig. 2. The violin plots illustrating data
distribution in two compared groups (fractured compared
to non-fractured).
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Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.
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