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Abstract
To analyze Mg, Ca, and Zn levels in saliva, comparing patients with type 2 diabetes mellitus and a control group of healthy
subjects. This transversal, observational, clinical study included a total sample of 147 patients, 74 with type 2 diabetes mellitus
and a control group of 73 healthy subjects. Socio-demographic, anthropometric, diabetological, and metabolic variables were
registered. Trace elements in non-stimulated basal saliva were measured using inductively coupled plasma mass spectrometry
(ICP-MS): Mg, Ca, and Zn. Concentrations of zinc, calcium, and magnesium were significantly higher in the diabetic group than
the control group (p < 0.001). A relation was observed between waist circumference and high cardiovascular risk in men (based
on two categories: waist circumference < 102 cm; waist circumference ≥ 102 cm), and magnesium levels in saliva (p = 0.003).
Magnesium, zinc, and calcium levels in saliva could be useful markers for differentiating patients with type 2 diabetes mellitus
from non-diabetics. The salivary magnesium could be used as a marker of high cardiovascular risk when associated with
abdominal obesity represented by a waist circumference ≥ 102 cm in men. The present results do suggest that salivary zinc
levels could act as a good marker of type 2 diabetes mellitus, in light of zinc’s well-known role as a co-marker of insulin and its
relationship to carbohydrate metabolism.
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Introduction

There is growing interest in identifying biomarkers that might
help our understanding of various aspects of different diseases
[1]. Some biomarkers can bemeasured in saliva, a non-invasive

alternative to blood, [2–4] which makes it possible to conduct
population studies simply and cost-effectively [3].

It has been postulated that both the excess and the lack of
trace elements could play an important role in the appearance
and evolution of diabetes mellitus [5]. But it is not known
whether an imbalance in these elements is the consequence
of diabetes or a factor contributing to its development [5, 6].

Previous research suggests a relationship between diabetes
mellitus and trace elements; an alteration of copper, zinc, man-
ganese, or chromium levels can produce a failure on the antiox-
idant capacity, thus affecting the progression of diabetes [3–6].

To date, research based on saliva analysis of diabetics has
failed to produce homogeneous results; an alteration in zinc (is
essential for growth and development, immunity, and metab-
olism) levels can produce increased oxidative stress in type 2
diabetes mellitus patients, contributing to resistance to insulin
and other complications deriving from diabetes [7]. Mata et al.
[8] found increased calcium levels in the saliva of diabetics
compared to healthy control subjects, while magnesium, zinc
and potassium levels were found to be lower in diabetics than
non-diabetics. Lasisi et al. [9] discovered a fall in potassium
among diabetics but found no differences in levels of salivary
sodium, calcium, chlorine, and bicarbonate between diabetics
and non-diabetics.
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Meanwhile, it is a well-known fact that type 2 diabetes
mellitus is generally accompanied by other cardiovascular risk
factors such as obesity, arterial hypertension, and dyslipid-
emia, which contribute to the development of cardiovascular
diseases such as arteriosclerosis, myocardial infarction, or ce-
rebrovascular disease [10–13]. The prevalence of obesity
among populations of type 2 diabetes mellitus sufferers is
around 80–95% [14]. The health risks deriving from obesity
are caused mainly by abdominal fat deposits, which are con-
sidered an independent cardiovascular risk factor [5, 15].

Saliva is considered a good screening method for inflam-
matory, metabolic and cardiovascular pathologies.
Nevertheless, it is difficult to establish a clear picture of how
trace elements in the saliva of patients with diabetes mellitus
compare with healthy subjects, and what role they play in its
physiopathology and in the metabolic management of the dis-
ease. [8, 9, 16–19].

The present study investigates the relation between type 2
diabetes mellitus and trace element levels in saliva, identifying
useful markers for differentiating between individuals with
and without diabetes, and analyzing the relation between trace
elements in saliva and cardiovascular risk associated with
large waist circumference.

Materials and Methods

This transversal, observational, case-control, clinical study an-
alyzed 74 patients of both sexes, aged between 25 and
75 years, diagnosed with type 2 diabetes mellitus, according
to criteria established by the American Diabetes Association
in 2014 [14]. A random, representative sample of diabetic
population were drawn from Cartagena (Murcia, Spain)
healthcare area II, attending the Endocrinology and Nutrition
Service at the Santa Lucia University General Hospital
(Cartagena). Study group inclusion criteria were patients over
the age of 18 years; patients diagnosed with type 2 diabetes
mellitus of over 3 months evolution; patients willing to give
their informed consent to take part in the study. Exclusion
criteria were pregnancy or lactation; presence of saliva gland
pathology (Sjögren’s syndrome); dehydration patients in treat-
ment with corticosteroids, radiotherapy, cyclosporine or other
immunosuppressants.

The control group consisted of 73 healthy subjects of both
sexes aged between 25 and 75 years, without any diagnosis of
diabetes mellitus, altered basal glycemia, intolerance to carbo-
hydrates, or saliva gland pathology. These subjects were also
recruited from the Cartagena (Murcia, Spain) healthcare area.
The study design was approved by the University of Murcia
Ethics Committee, and all participants gave their informed
consent to take part.

All participants were assessed registering the follow-
ing: socio-demographic variables (age, sex, smoking,

alcohol consumption, and diagnosis of arterial hyperten-
sion), as well as anthropometric variables (weight, size,
body mass index, and waist circumference). Waist circum-
ference was classified according to sex and waist circum-
ference criteria associated with increased cardiovascular
risk established by the National Cholesterol Education
Program-Adult Treatment Panel III (NCEP-ATP III) in
2001 [20], whereby a waist circumference is considered
to constitute cardiovascular risk when it exceeds 88 cm in
women and 102 cm in men.

In the diabetic group, patients’ diabetological variables and
metabolic profiles were registered (duration of diabetes evo-
lution, anti-diabetic treatment, patient following a controlled
diabetic diet or not, presence of chronic complications associ-
ated with diabetes, patients fulfilling (or not) metabolic syn-
drome criteria according to the National Cholesterol
Education Program-Adult Treatment Panel III, 200121.

An oral exam was carried out and active oral pathologies
patients (caries and periodontitis) were thus excluded.

Measurement in Saliva

Non-stimulated whole saliva was collected in the mornings to
avoid the effects of compositional fluctuations deriving from
circadian rhythms. Patients were asked not to eat for 2 h before
saliva collection. Saliva was collected using the passive drool
method and the Salivette® device (Sarstedt SA, Granollers,
Spain). A cotton wool swab was placed in the mouth, below
the tongue, absorbing the saliva sample, which was then
placed in the perforated plastic cylinder of the Salivette®.
The procedure was conducted applying appropriate asepsis
measures.

The samples were then centrifuged at 3500 rpm for 10 min,
and stored at a temperature of − 80 °C in an ultrafreezer. Trace
element analysis was performed at the Science and Applied
Biology Center (CEBAS-CSIC) in Murcia (Spain). The fol-
lowing trace elements were measured by means of inductively
coupled plasma mass spectrometry (ICP-MS): Al, S, Be, Bo,
Ca, Co, Cu, Cr, Sr, P, Fe, Li, Mg, Mn, Ni, Rb, Ti, and Zn.

Statistical analysis was performed using SPSS® ver-
sion 15.0 software (SPSS® Inc., Chicago, USA) for
Windows. Descriptive statistics were calculated for each
variable. The Pearson chi-squared test was applied to
qualitative variables, and the Student’s t test to two vari-
ables. The significance level was established as p < 0.05.
Explanatory models were generated using logistic regres-
sions to explain different dichotomous variables acting
dependently on other variables acting independently. In
cases when logistic regression found statistically signifi-
cant differences/relations, these were represented graphi-
cally using ROC (relative operating characteristics)
curves, disclosing their sensitivity and specificity.
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Results

The main characteristics of the total sample (n = 147), diabetic
group (n = 74), and control group (n = 73) are expressed as
descriptive statistics shown in Table 1. The results of saliva
sample analysis by means of ICP-MS in the diabetic group,
control group, and total sample are shown in Table 2.

Logistic regression analysis was applied to the total sample
(n = 147subjects). Independent variables were the trace ele-
ments measured in saliva, while inclusion in the diabetic
group or not was treated as a dependent variable. In this
way, explanatory models differentiated the diabetic group
from the control group in relation to zinc, magnesium, and
calcium levels in the total sample. According to its explanatory
model, salivary zinc showed a p value < 0.001, generating the
ROC curve shown in Fig. 1. Zinc values over 0.0940 (mg/L)
showed greater evidence of belonging to the diabetic group
with model sensitivity to correctly classify individuals as be-
longing to the diabetic group of 82%, and sensitivity to classify
individuals as not belonging to the diabetic group of 79.4%. In
this way, the zinc levels in saliva were able to differentiate
diabetics from healthy subjects non-randomly with a p value
of < 0.001.

Magnesium in saliva values over 0.0011 (mg/L) showed
greater evidence of belonging to the diabetic group with model
sensitivity to correctly classify individuals as belonging to the
diabetic group of 79.2% and model sensitivity to classify indi-
viduals as not belonging to the diabetic group of 77.8%. So
magnesium levels in saliva were able to differentiate diabetics
from healthy subjects non-randomly across the total sample.

Salivary calcium showed a constant p value of 0.001. In the
logistic regression model, calcium showed a p value of 0.013.
Calcium in saliva values over 0.0085 (mg/L) showed greater
evidence of belonging to the diabetic group with model sen-
sitivity to correctly classify individuals as belonging to the
diabetic group of 80.7% and model sensitivity to classify in-
dividuals as not belonging to the diabetic group of 80%. In this
way, salivary calcium levels were able to differentiate dia-
betics from healthy subjects non-randomly across the total
sample with a p value < 0.001.

Another dependent variable investigated by logistic regres-
sion analysis model of the total sample (n= 147) was waist cir-
cumference, constituting high cardiovascular risk among male
subjects. Individuals were classified as one of two categories:
waist circumference < 102 cm or waist circumference ≥
102 cm, in relation to salivary trace element levels. In this model,

Table 1 General characteristics
of sample Variable Diabetic group

N = 74

Control group

N = 73-

P value

Age (years) 59.00 ± 9.07 41.12 ± 11.68 P < 0.001

Sex

Men 37 (50%) 20 (27.4%)

Women 37 (50%) 53 (72.6%)

Weight (kg) 96.05 ± 19.10 66.83 ± 13.93 P < 0.001

BMI (kg/m2) 35.98 ± 6.89 24.06 ± 3.96 P < 0.001

Waist circumference (cm) 117.14 ± 14.55 84.23 ± 12.52 P < 0.001

Women

Waist circumference < 88 cm 2 (4%) 49 (96%) P < 0.001

Waist circumference ≥ 88 cm 72 (75%) 24 (25%) P < 0.001

Men

Waist circumference < 102 cm 13 (16%) 68 (84%) P < 0.001

Waist circumference ≥ 102 cm 61 (92%) 5 (8%) P < 0.001

Alcohol consumption

< 1.5 g/day 42 (56.8%) 55 (75.3%) P = 0.190

1.5–11.5 g/day 27 (36.5%) 18 (24.7%) P = 0.186

> 11,5 g/day 5 (6.8%) 0 P < 0.001

Smoking

Smoker 12 (16.2%) 8 (11%) P = 0.378

Non-smoker 26 (35.1%) 55 (75.3%) P = 0.001

Ex-smoker 36 (48.6%) 9 (12.3%) P < 0.001

Arterial hypertension

Yes 59 (79.7%) 4 (5.5%) P < 0.001

No 15 (20.3%) 69 (94.5%) P < 0.001
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magnesium presented a p value of 0.003, generating the ROC
curve shown in Fig. 2. Magnesium levels over 0.0012 (mg/L)
showed greater evidence of corresponding to a waist circumfer-
ence ≥ 102 cm, with model sensitivity of 84% and specificity of
81.8% to correctly classify men with waist circumferences ≥
102 cm on the basis of salivary magnesium levels.

Discussion

The results of the present study concur with previous research
findings, which have pointed to differences in the saliva compo-
sition of patients with diabetes mellitus compared with healthy
subjects [21], although it is difficult to establish just how these

Table 2 Mean values of salivary
trace elements in diabetic group,
control group, and total sample

Trace elements in saliva Mean trace elements in saliva:
diabetic group(mg/L)

Mean trace elements
in saliva: control group (mg/L)

P value

Aluminum 0.4771 ± 0.3473 0.2139 ± 0.2589 p < 0.001

Sulfur 0.0096 ± 0.0057 0.0042 ± 0.0031 p < 0.001

Beryllium 0.0011 ± 0.0008 0.0009 ± 0.000 p = 0.015

Boron 0.1167 ± 0.1125 0.0723 ± 0.0591 p < 0.001

Calcium 0.0168 ± 0.0094 0.0065 ± 0.0038 p < 0.001

Cobalt 0.0011 ± 0.0009 0.0009 ± 0.0001 p = 0.035

Copper 0.0488 ± 0.0365 0.0276 ± 0.0249 p < 0.001

Chromium 0.0129 ± 0.0130 0.0068 ± 0.0115 p = 0.001

Strontium 0.4480 ± 0.3001 0.1210 ± 0.1112 p < 0.001

Phosphorous 0.0332 ± 0.0151 0.0183 ± 0.0101 p < 0.001

Iron 0.7878 ± 0.0722 0.3232 ± 0.3447 p < 0.001

Lithium 0.0036 ± 0.0068 0.0020 ± 0.0053 p = 0.016

Magnesium 0.0026 ± 0.0017 0.0007 ± 0.0005 p < 0.001

Manganese 0.4089 ± 0.2574 0.1689 ± 0.1094 p < 0.001

Nickel 0.0722 ± 0.0477 0.0331 ± 0.0287 p < 0.001

Rubidium 0.9018 ± 0.3605 0.5493 ± 0.1596 p < 0.001

Titanium 0.0519 ± 0.0452 0.0263 ± 0.0271 p < 0.001

Vanadium 0.0066 ± 0.0060 0.0027 ± 0.0035 p < 0.001

Zinc 0.1906 ± 0.1347 0.0711 ± 0.0554 p < 0.001

Specificity
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SALIVA-ZINC

Fig. 1 ROC curve of dependent variable Bdiabetic group^ in relation to
salivary zinc across total sample

SALIVA-Mg

Specificity
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Fig. 2 ROC curve of waist circumference in relation to salivary
magnesium across total sample
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differences relate to the disease’s physiopathology and metabolic
management [8, 9]. Nevertheless, the present results do suggest
that salivary zinc levels could act as a good marker of type 2
diabetes mellitus, in light of zinc’s well-known role as a
co-marker of insulin and its relationship to carbohydrate metab-
olism. Changes in body zinc status have been associated with
insulin resistance, intolerance to carbohydrates, diabetes mellitus,
and cardiovascular disease [22–24].

The present study also found that calcium levels could be
used to discern between individuals with type 2 diabetes
mellitus and healthy subjects. Authors such as Pittas et al.
[25] have already established a relation between calcium
and type 2 diabetes mellitus. They suggested that alter-
ations in the homeostasis of calcium and vitamin D could
play an important role in the development of type 2 diabetes
mellitus. Calcium is essential to insulin mediation in intra-
cellular processes and insulin response in tissues. Changes
in calcium concentrations could contribute to peripheral
insulin resistance and increase the risk of developing type
2 diabetes mellitus. As a consequence, low calcium inges-
tion has been associated with the incidence of type 2 dia-
betes mellitus and metabolic syndrome, whereby patients
with diabetes present lower calcium levels than healthy
subjects [25]. In this context, the present calcium results
point to the potential role of salivary calcium as a marker
of type 2 diabetes mellitus.

Some trace elements—magnesium, zinc or calcium—show
a special association with diabetes and cardiovascular risk
[22–29]. For this reason, attempts have been made to clarify
the relationship between trace elements and obesity. A recent
literature review looked into zinc, copper, iron, calcium, and
selenium as elements involved in the evolution of obesity.
Other nutrients such as vitamin D also appear to be related
to obesity [30].

Chrome is an essential nutrient that boosts insulin action: it
has an effect on carbohydrate metabolism, lipids and proteins.
Therefore, it could be used as a complement in order to ease
weight loss and to improve blood glucose control on type 2
diabetic people [3–6].

Cu was a crucial component of a variety of metalloenzymes
and plays an important role in the redox reaction. Our results
were in accordance with Badran et al. [31]. We found that serum
Cu increased statistically in type 2 diabetes mellitus.

With regard to magnesium in saliva and its relationship
with type 2 diabetes mellitus, it is known that magnesium in
blood is a cofactor in many of the organism’s reactions
relating to carbohydrate metabolism and glycemic control.
In fact, hypomagnesemia has been associated with predia-
betic states, insulin resistance, type 2 diabetes mellitus, and
even the progression of chronic complications associated
with diabetes [26, 27]. In view of the present results, sali-
vary magnesium levels could be regarded as another marker
of type 2 diabetes mellitus.

Magnesium has also been associated with abdominal or
visceral obesity. States of low serum magnesium have
been associated with increased chronic inflammatory ac-
tivity and oxidative stress, found in patients with abdom-
inal obesity who usually present a magnesium deficiency.
This deficiency has also been associated with other chron-
ic inflammatory diseases such as arterial hypertension,
artherosclerosis, diabetes mellitus, or cancer [32–34].
The results obtained in the present study suggest that sal-
ivary magnesium could be used as a marker of high car-
diovascular risk when associated with abdominal obesity
represented by a waist circumference ≥ 102 cm in men. In
the case of women, no significant relation was found be-
tween trace elements in saliva and waist circumferences ≥
88 cm, considered at cardiovascular risk, but this could be
related to the low incidence of abdominal obesity among
the women in the sample.

The present work suffered some limitations derived from its
status as a transversal study, and from the possible risk of bias in
the selection of patients as these were drawn from patients at-
tending a hospital, a fact that makes it difficult to extrapolate the
findings to other populations. Another possible source of bias
derives from the influence on saliva composition of the possibly
varying oral health status of each individual [35].

Few studies have assessed the levels of trace elements in
saliva that can be considered to constitute a normal range, a
fact that explains the wide variability between different stud-
ies. Nevertheless, there are clear differences between salivary
levels of trace elements between individuals with type 2 dia-
betes mellitus and non-diabetics.

Conclusions

Trace elements are essential for the organism. The present
study identified salivary magnesium, zinc, and calcium levels
as good markers for differentiating between individuals with
type 2 diabetes mellitus and non-diabetics. The salivary mag-
nesium could be used as a marker of high cardiovascular risk
when associated with abdominal obesity represented by a
waist circumference ≥ 102 cm in men.

More studies are needed to look into the mechanisms by
which mineral metabolism is related to carbohydrate metabo-
lism and cardiovascular risk. This could identify biomarkers
that would facilitate early detection of diabetes and cardiovas-
cular disease, as well as possible therapeutic approaches based
on trace elements.
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