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Abstract
Objectives Patients with anorexia nervosa (AN) are primarily at high risk of multiple somatic complications, including oral
diseases. In recent years, a number of new molecules that may play a potentially important role in AN progress and prognosis
have been identified in saliva, but their exact roles are still poorly understood. Two such group of substances are antioxidants and
vaspin. The purpose of this observational, cross-sectional study was to measure both the salivary and serum total antioxidant
status (TAS), and vaspin (VASP) concentrations of patients with AN in comparison to an average population.
Material and methods Ninety subjects participated (30 patients with AN, 60 matched healthy control subjects). A clinical
examination was made, and blood and salivary samples were taken during the acute stage of AN (BMI < 15 kg/m2) in the first
week of hospitalization. Enzyme immunoassay (ELISA) suitable for measuring VASP and colorimetric assay for TASwere used.
Results Anorexic patients had significant reductions in salivary flow, TAS, and an elevation in VASP levels in their saliva and
serum. Significant correlations between TAS, VASP, salivary flow, and nutritional status were detected.
Conclusion Determination of TAS and VASP in combined biological material confirmed that saliva might be a reliable non-
invasive source of information for potent nutritional biomarkers.
Clinical relevance Our findings suggest that VASP cannot be excluded, as its increased concentration in saliva is an adaptive
mechanism in reduced TAS, one resulting from diminished salivary secretion. It is therefore worth conducting further research
aimed at recognizing the role of TAS and VASP in the saliva of underweight patients.
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Introduction

In recent years, a number of novel molecules that may play a
potentially important role in anorexia nervosa (AN) prognosis,

such as total antioxidants status (TAS) and vaspin adipokine
(VASP), have been identified, but their exact roles are still
poorly understood [1–3].

Abnormal levels of TAS in the organism (including saliva)
may be associated with a surplus production of reactive oxy-
gen (ROS) and nitrogen (RNS) species and at the same time, a
deficit in the production of antioxidants. In the clinical con-
text, this can be manifested as a dysfunction in the transmis-
sion of cellular signals and as such, an increased threat of the
occurrence of complications in respect of various organic sys-
tems, among others, cardiovascular. These dysfunctions ap-
pear relatively often in the case of AN [4–6]. Our previous
study indicated a high variability among individuals in the
salivary enzymic system, including those enzymes responsi-
ble for antioxidative protection [7].

The second molecule that may play a potentially important
role in anorexia nervosa (AN) prognosis, vaspin (VASP), is
contained and produced in adipose cells and has been detected
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in serum, saliva, gingival fluid, cerebrospinal fluid, mucous
membranes of the stomach, liver, pancreas, hypothalamus and
lipid in subcutaneous and visceral tissues [8]. The
multilocalization of VASP in the human body is indicative of
its role in the regulation of insulin level and food intake [9–11].
Just a few studies have focused on VASP status and its variations
in AN. In a recent investigation of Oswiecimska et al., higher
serum concentrations of VASP were found in patients with AN,
compared with healthy controls and a lack of correlation with
anthropometric parameters was evaluated [12].

Other studies have revealed that adipokines have an influ-
ence on inflammation and immune reactions in the oral cavity
[8, 13–16]. It is suggested that vaspin has a potential role as an
inflammatory biomarker of periodontitis. In Bozkurt Dogan
et al.’s study (2016), vaspinwas shown to be significantly higher
in patients with chronic periodontitis than in periodontally
healthy groups and decreased after non-surgical therapy [17].

Our previous study on the macroscopic status of oral tis-
sues in the oral cavity of patients with AN has revealed sub-
jective and objective symptoms [18]. The subjective symp-
toms included a burning sensation of the oral mucosa. An
objective analysis of the oral mucosa revealed the following
pathological changes: exfoliate cheilitis, pallor of the oral mu-
cosa and skin, atrophic glossitis, white coating of the tongue,
linea alba, erythematous spots on the palate, morsicatio
buccarum, angular cheilitis, and ulcers of a traumatic etiolo-
gy. In addition, the pH of unstimulated saliva was lower in the
AN group and differed statistically from that in the healthy
individuals [18]. According to the obtained findings, distur-
bances in VASP concentration and TAS may indicate that
anorexic patients may produce a high reactivity to inflamma-
tory processes [17, 18].

Therefore, the present study is aimed at assessing the evi-
dence that (1) salivamight be a reliable non-invasive source of
TAS and VASP and (2) whether these levels of TAS and
VASP are altered in both, serum and saliva, during the acute
stage of AN (BMI < 15 kg/m2) in the first week of hospitali-
zation (hypothesis 1). The null hypothesis assumed there are
no differences between the groups.

Material and methods

Subjects

The clinical part of this controlled trial was carried out in the
Department of Biomaterials and Experimental Dentistry,
Poznan University of Medical Sciences (PUMS), in the years
2014–2016. The TAS and VASP assays were performed in the
Division of Biology of Civilization-Linked Diseases, PUMS. All
the clinical procedures were performed by a single investigator
(EP). The study was conducted according to Good Clinical
Practice guidelines and exemplar of the Declaration of

Helsinki, after approval by the Bioethics Committee of PUMS.
The subject matter and purpose of research were explained to all
90 participants, who gave their informed written consent to par-
ticipate in the study. The subjects were assigned into two groups:
an anorexia (AN) group and two control groups (C-SA, C-SE).

The AN group consisted of 30 girls with a diagnosis of the
restrictive subtype of anorexia nervosa, confirmed by two in-
dependent psychiatrists from the Department of Child and
Adolescent Psychiatry, using the ICD 10 (code F 50.1),
DSM - IV (code 307.1) codes [19]. They had similar clinical
characteristics (restrictive type) with reference to their men-
strual status (secondary amenorrhea). Some of the patients had
depressive and obsessive-compulsive symptoms, but fewer
than 20% required pharmacotherapy (second and third week
of hospitalization later). The participants did not suffer from
any other medical disorder. In order to achieve homogeneity
among the participants, the bulimic type of anorexia was ex-
cluded from the study. Both samples of saliva and blood were
collected from 30 anorexic patients. The clinical examination,
blood and saliva samples were taken during the acute stage of
the symptoms (BMI < 15 kg/m2) within the patients’ first
week of hospitalization. The average age in this group was
15.3 ± 1.66 years, with the eating disorders having started
11.5 ± 5.6 months earlier (Table 1).

The control groups consisted of healthy subjects receiving
routine dental procedures in the Department of Biomaterials
and Experimental Dentistry (PUMS). The recruitment of
healthy volunteers in a clinical pediatric context gave them
the opportunity to make a choice. Volunteers therefore chose
the biological material to be sampled from them and what
material to entrust for scientific research. More often than
not, non-invasive collection of saliva was chosen by volun-
teers in this respect.

Finally, unstimulated and stimulated mixed saliva was col-
lected from 30 subjects, the C-SA group and blood samples
were taken from 30 subjects, the C-SE group. One serum
sample from the C-SE group was invalid and omitted in fur-
ther analysis. The remainder of the 29 serum samples was
frozen at – 80 °C until analysis. All the subjects were matched
by age (mean age 15.9 ± 1.6 years) and gender (females only)
(Table 1). The criteria for inclusion in the investigation as
controls were good general health and no previous history of
eating disorders. Exclusion criteria for both groups included
systemic diseases and other psychiatric disorders (except for
the eating disorder in the AN group), pregnancy, smoking,
periodontal inflammation, and the use of any drugs that might
affect the secretion of saliva.

Collection of saliva

Factors affecting or biasing the rate of flow and the pH of saliva
were avoided as much as possible by carrying out the exami-
nation of all the participants at the dental clinic (PUMS) at the
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same time of year (autumn/winter) and in the morning between
9.00 and 11.00 a.m. to minimize diurnal variation. Data and
samples were collected by the same dentist (EP). In preparation
for the collection of saliva, each participant was informed that
she should refrain from eating and drinking and regular oral
hygiene procedures for at least 60 min before the tests. Saliva
was collected under unstimulated and stimulated conditions: at
rest for 15 min and then stimulated by chewing paraffin tablets
(CRT Paraffin, Ivoclar Vivadent, Liechtenstein) for 5 min [20,
21]. Directly after collecting samples, in order to separate im-
purities and squamous cells of the oral mucosa, thematerial was
centrifuged at 4000 rpm for 10 min at room temperature. The
salivary samples were frozen at − 80 °C until analysis. Analysis
of the saliva was carried out blind.

Collection of blood

All the blood samples were collected in tubes without antico-
agulant by venipuncture between 8.00 and 9.00 a.m. To obtain
serum, these whole blood samples were allowed to coagulate
at room temperature (RT) for 30 min and then centrifuged at
RT for 15 min at 1000 rpm. The collected serum samples and
saliva samples were stored in polypropylene tubes at − 80 °C
for further analysis.

TAS measurements

Determining total antioxidant status (TAS) in serum/saliva
provides an index of the sum of the activities of all

antioxidants. Serum from peripheral blood and saliva after
fasting were analyzed with the use of the TAS Randox®kit
(Cat No. NX2332, Randox Laboratories, Ltd., Crumlin, UK),
according to the manufacturer’s protocol. The TAS
Randox®kit - enzymatic method with reagents and calibrator
control allows measurement of the total amount of antioxi-
dants in serum/saliva by inhibition of the transformation of
2.2-azino-di-[3-ethylbenzthiazoline sulfonate] (ABTS) into
the radical cation (ABTS+) in the presence of a peroxidase
(metmyoglobin) and H2O2. This cation has a fairly stable
blue-green color which can be measured at 600 nm. Results
were expressed in millimoles per liter of Trolox equivalents.
The linearity of calibration extends to 2.5 mmol/L of Trolox.
Intra-assay coefficients of variation and inter-assay coeffi-
cients of variation amounted to 4 and 8%, respectively.

VASP measurements

The measurement of vaspin concentrations in serum from pe-
ripheral blood and in saliva after fasting was conducted using
the certified immunoenzymatic ELISA Kit (Mediagnost,
Reutlingen, Germany) and a plate reader (MR-96, Clindiag
Systems B.V.B.A., Pollare, Belgium), according to the manu-
facturer’s protocols. In the research, ready, standardized, and
certified test sets have been used (prepared by Mediagnost,
Reutlingen, Germany). For their preparation in both cases,
purified rabbit IgG of I antibody 5 μg/mL and II antibody
1 μg/mL have been applied. Microtiter plates with the bound
primary antibody (specific for the being examined protein)

Table 1 Clinical and salivary parameters of anorexic (AN) patients and control subjects (saliva C-SA, serum C-SE)

Group AN (saliva+serum) n = 30 C-SA (saliva) n = 30 C-SE (serum) n = 29 p value

Parameter Mean ± SD {median}

Body weight [kg] 36.17 ± 4.78 {35.5} 58.10 ± 5.16 {56} 54.28 ± 11.01 {54} < 0.00001*

< 0.00001**

BMI [kg/m2] 13.92 ± 1.23 {14.01} 20.7 ± 1.23 {20.30} 20.1 ± 3.80 {19.15} < 0.00001*

< 0.00001**

TTI [months] 11.5 ± 5.6 {8} – – –

IBW% 55.02 ± 6.39 {53.9} 76.26 ± 4.30 {75.9} 76.05 ± 14.21 {71.4} < 0.00001*

< 0.00001**

Unstimulated flow rate of saliva UFR [mL/min] 0.30 ± 0.17 {0.3} 0.59 ± 0.14 {0.6} – < 0.00001*

Stimulated flow rate of saliva SFR [mL/min] 0.99 ± 0.33 {1.0} 1.45 ± 0.27 {1.5} – < 0.00001*

Serum TAS [mmol/L] 0.98 ± 0.42 {0.97} – 1.08 ± 0.29 {1.08} 0.020**

Salivary TAS [mmol/L] 0.58 ± 0.25 {0.57} 0.69 ± 0.25 {0.70} – 0.012*

Serum VASP [ng/mL] 0.93 ± 1.00 {0.6} – 0.76 ± 0.68 {0.44} 0.049**

Salivary VASP [ng/mL] 0.36 ± 0.35 {0.31} 0.23 ± 0.22 {0.12} – 0.012*

Basic statistics—mean ± SD (standard deviation) {median}. Variables in italics are distributed according to the normal distribution (Shapiro-Wilk’s test
α > 0.05). TTI total time of illness in months, BMI body mass index,%IBW percentage of ideal body, n number of patients, UFR unstimulated flow of
saliva, SFR stimulated flow of saliva, TAS total antioxidant status, VASP vaspin

*p value in the case of AN saliva vs C-SA subjects

**p value in the case of AN serum vs C-SE subjects
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were incubated with serum/saliva (containing the antigen)
and, then with the secondary antibody, labeled with peroxi-
dase. This was followed by a reaction with peroxidase sub-
strate and a readout of absorbance at 450 nm. Concentrations
of vaspin were calculated according to standard curves esti-
mated from a 4-parameter algorithm (SigmaPlot 11.00 soft-
ware). Intra-assay coefficients of variation and inter-assay co-
efficients of variation amounted to 3.5 and 6%, respectively.

Thresholds for TAS in the case of undiluted samples were
values between 0.01 and 2.5 mmol/L and for vaspin, under or
equal to 4 pg/mL.

Nutritional status

The total time of illness (TTI, months) was determined. Some
indices of body weight were also calculated, i.e., the body
mass index (BMI) as a ratio of body weight [kg] to [height]2

and the percentage of ideal body weight (%IBW) as a ratio of
actual to ideal bodyweight (IBW) × 100%, where IBW (kg) =
height (cm) − 100 − {[(height (cm) − 150)]/2} according to
Lorentz’s formula [22].

Statistical analysis

The normality of distribution of quantitative variables was
checked with the Shapiro-Wilk test. The statistical evaluation
of differences between the groups was performed by means of
the Student’s t test, for normally distributed variables and the
non-parametric Mann-Whitney test was used when the distri-
butions were significantly different from normal. Associations
between quantitative variables were characterized by the
Pearson correlation coefficient (for parametric data distribu-
tion) and Spearman’s rank correlation coefficient (for non-
parametric data distribution). Statistica 12 software (TULSA,
OK, USA) with Medical Bundle (the receiver operating char-
acteristics curve—ROC curves) was used for statistical calcu-
lations. The results are presented as the means, medians (in-
terquartile range), and SD (standard deviation). The level of
statistical significance was set at p = 0.05.

Results

All the details of socio-demographic data, height, weight, sal-
ivary flow rate, TAS, and VASP are given in Table 1. No
significant differences were found for age between any of
the groups. Participants in the AN group were 37% lighter in
weight than those in the healthy control group (p = 0.001).

The most relevant finding of the present study is the ten-
dency for a reduction in TAS levels and an elevation in VASP
levels detected in the saliva and serum of anorexic patients,
compared with those in the control groups (p = 0.012, p =
0.012 for salivary TAS, VASP and p = 0.020, p = 0.049 for

serum TAS, VASP respectively) (Table 1). The TAS and
VASP concentrations were lower in all the salivary samples
than in the serum samples in both anorexic (p = 0.008; p =
0.006) and control groups (p = 0.0001) respectively (Table 1).
In addition, there was a statistically significant positive rela-
tionship between serum TAS and TAS in saliva (r = 0.3681;
p = 0.030).

In the AN group, a significant positive correlation between
TAS and the unstimulated flow rate was obtained (r = 0.29;
p = 0.024). In the AN group, the salivary VASP level in-
creased with a reduction in the salivary flow (r = − 0.43; p =
0.010). In the AN group, a significant negative correlation
between the salivary VASP level and the stimulated flow rate
(r = − 0.43; p = 0.010) and a positive correlation between the
serum VASP level and IBW% were detected (r = 0.34, p =
0.049).

In the control groups, significant negative correlations be-
tween TAS and both BMI (r = − 0.39; p = 0.020) and weight
(r = − 0.42; p = 0.020) were detected. In this group, salivary
TAS and VASP levels showed a positive correlation with the
stimulated flow rate of saliva (r = 0.38; p = 0.040 and r = 0.45;
p = 0.010).

The mean values (± standard deviation) for the receiver
operating characteristics curve (ROC) in the case of salivary
TAS level were higher (0.6328 ± 0.0727) compared to those for
the serum TAS level (0.5828 ± 0.0760). The mean value (± the
standard deviation) for the ROC curve in the case of salivary
VASP concentration (0.6194 ± 0.0735) was higher compared
to those for the serum VASP concentration (0.5425 ± 0.0768).
In the case of the saliva, cutoff value for TASwas 0.75mmol/L,
for VASP was 0.7 ng/mL (for details, see Fig. 1a, b).

Discussion

For the first time, this study investigated the concentration of
TAS and VASP in the saliva of patients suffering from anorex-
ia nervosa, in comparison to that of the healthy control group.
The most relevant finding of the present study is the reduced
TAS and increased VASP levels detected in the saliva and
serum of anorexic patients. In addition, we have demonstrated
that the level of TAS is associated with a low salivary flow
rate.

A distinct TAS reduction in serum of AN patients was
already reported [23, 24]. This is also reflected in measure-
ments of single antioxidant markers such as albumin, apolipo-
protein B, and uric acid [23, 25–28]. Diminished uric acid
level was also observed in extended period of time after re-
alimentation [29]. The complexity of oxidational and anti-
oxidational processes appearing in patients with a restrictive
type of anorexia nervosa should therefore be stressed [30–34].
Metabolic dysfunctions, among others, in respect to the pro-
duction of carbohydrates and often an intensive bout of
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physical exercise, are conducive to the production of signifi-
cant amounts of free radicals, which in the context of a deple-
tion of antioxidants in the system (among others tied to a low
supply in the diet) can generate oxidational stress and its en-
suing complications [35]. In the clinical context, this can man-
ifest as dysfunctions in the transmission of cellular signals,
which in turn can lead to the threat of complications occurring
in various systems such as cardiovascular, oral, and periodon-
tal tissues, which occur relatively often in AN [18, 36–39].

Reduced salivary flow rate has previously been associated
with AN [2, 7, 40–43]. This mechanism in AN is unclear but
might be partly mediated by starvation [44, 45]. Further ex-
planations relate to dehydration, reduced salivary gland out-
put, malabsorption, anemia, and hormonal disorders [40, 46,
47]. However, we should consider also the central mechanism
of salivary gland activity. Any alterations in the hypothalamic-
pituitary-adrenal (HPA) axis and neuroendocrine regulation
may impact on salivation. One novel hypothesis of the path-
ogenesis of AN is the possible role of mental stress in hyper-
activity of both the autonomic part of the nervous system
(ANS) and of the HPA axis [43, 48–51].

Another finding of our study is the elevation of VASP
levels in the saliva and serum of AN patients, compared with
those in the control groups. Although the salivary VASP level
was lower than in the serum samples, the results indicated a

raised concentration in AN patients. Moreover, a negative
correlation between the concentration of salivary VASP and
flow rate has been observed. To the best of our knowledge,
this is the first report on salivary VASP concentrations in girls
with AN. In other publications, elevated VASPwas confirmed
only in serum samples [12].

The research relevance of our investigation has been shown
to be the exploration of the new adipokine—discovered only
in the recent past—in both biological materials, serum, and
saliva, in the restrictive type of AN.

In general, it should be emphasized that vaspin is a new
adipokine and in the data concerning vaspin and AN, exists to
a low degree. Vaspin belongs to the family of antiorexigenic
molecules and its mechanism of activity in laboratory animals
(mice) was dependent on serpin activity and related to the
level of leptin [52], which becomes lower in persons with
AN. Consequently, it is argued that vaspin activity can lead
to high insulin sensitivity and consequently decreases food
intake in the case of the acute stage of AN [12, 27, 53].

In contrast to the above investigations, a lowVASP level was
detected in serum of underweight children due to loss of appe-
tite [3]. However, in AN,we are dealing not with loss of appetite
but the voluntary and unpredictable restriction in food intake.
These observations and our own results suggest that the mech-
anism of elevatedVASP levels may contribute to an individual’s
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Fig. 1 a Receiver operating characteristics curve (ROC) comparison for
salivary VASP concentration (broken black line) and salivary TAS level
(continuous black line) with baseline (fine gray line) in the entire
examined salivary samples, for the AN and control groups (n = 59). b
Receiver operating characteristics curve (ROC) comparison for serum
VASP concentration (broken black line) and serum TAS level
(continuous black line) with baseline (fine gray line) in the entire
examined serum samples, for the AN and control groups (n = 59). The

values of sensitivity, specificity, and area of characteristic AUC (mean ±
SD) for salivary TAS were 60%, 88%, and 0.633 ± 0.072, respectively. In
the case of salivary VASP, these values amounted to 58%, 70%, and
0.620 ± 0.073. The sensitivity, specificity, and area of characteristic
AUC (mean ± SD) values for serum TAS amounted to 37%, 90%, and
0.583 ± 0.075, respectively. In the case of serum VASP, these values
amounted to 38%, 80%, and 0.542 ± 0.075



adaptation to a condition of undernutrition [12, 54, 55].
Therefore, a simple examination of saliva might be one non-
invasive method of nutritional assessment in patients with AN.

The recent findings that provide evidence of a causal link
between vaspin and anti-inflammatory effect were published
byQi et al. in 2017 [56]. These studies have confirmed that the
use of vaspin in cell culture of human pulmonary microvas-
cular endothelial cells (HPMECs) and stimulated lipopolysac-
charide (LPS) exerts an inhibitory effect on both levels of
proinflammatory interleukins (IL-6, IL-10) and tumor necro-
sis factor (TNF-α) as well as activation of nuclear factor-κB
(NF-κB) (a pleiotropic factor which stimulates proinflamma-
tory action) [56].

Additionally, VASP inhibits the release of other proinflam-
matory adipokines such as leptin and resistin [57].

Themechanism of action of VASP is related, among others,
to inhibiting the formation of free radicals under the influence
of LPS (research on HPMECs) [56] or methylglyoxal research
on vascular smooth muscle cells [58].

In respect to the association of saliva and AN, there is a
lack of direct research evaluating the influence of the former
on the homeostasis of the oral cavity. Some investigations
have suggested that VASP has a potential role as an inflam-
matory biomarker of chronic periodontitis and can be altered
after non-surgical treatment in the oral cavity [17]. Regarding
oral cavity and vaspin, in three studies in which gingival cre-
vicular fluid (GCF) concentrations were determined in pa-
tients with moderate severity of periodontitis, higher levels
of this protein were found relative to the reference groups
[15, 17, 59]. In the analyzes carried out by Pradeep et al. in
2015, similar relationships were also found in the concentra-
tions of this protein in the tear fluid [15]. In addition, the levels
of vaspin were correlated positively with the clinical signs of
the advanced periodontal disease, i.e., with clinical attachment
level (CAL) and gingival index (GI) [15, 59]. In one of them,
positive correlations between the level of VASP and the num-
ber of deep pockets were also found [59]. The degree of ad-
vancement of periodontitis in studies of Balli et al. (2016) has
been described in relation to clinical signs of inflammation as
a red color and the swelling of the gingival margin, and GI
greater than 2, CAL greater than 5 mm, and bone loss affect-
ing 30% of the existing teeth [59].

Collectively, the above investigations have suggested that
VASP has a potential role as an anti-inflammatory, anti-apopto-
tic, and antioxidant biomarker of chronic periodontitis and can
be altered after non-surgical treatment in the oral cavity [17, 56].

Because of the paucity of data relating to patients with an
extremely low body mass, we can only speculate that VASP
could play an inhibitory role on the antioxidant status in the
acute stage of AN. Phalitakul et al. reported that VASP pro-
duces antioxidative effects and influences inflammatory signal
transduction [58, 60]. One explanation lies in the localization
of VASP in a wide number of tissues, including the mucous

membrane of the gastrointestinal tract and the hypothalamus.
This might suggest possible central VASP administration con-
nected with the cognitive regulation of eating behavior [9].

Unfortunately, VASP regulation remains still poorly under-
stood and needs further research.

Limitations of the study

We have identified several potential limitations to our obser-
vation. Firstly, the research was conducted on a numerically
medium-sized cohort in respect to pediatric individuals among
patients with anorexia nervosa. For the purposes of validating
research results, one should consider broadening the investi-
gation with a larger study cohort, which in the case of patients
at this stage of their illness, especially among adolescents, is
no easy matter.

Secondly, the salivary samples were mostly taken between
9.00 and 11.00 but not strictly at the same time. While unlike-
ly, this might influence the secretion rate, due to the circadian
rhythm of salivary flow rate [44]. Considering the marked
difference in the mean value of salivary flow rate between
groups, the lower flow rate of whole saliva in anorexic sub-
jects presumably reflects a true difference, probably induced
by malnutrition rather than difference in sampling time.
However, clinical studies, using standardized saliva collection
procedures, including point of time, are needed to confirm the
observation of reduced salivary flow rate in subjects with AN.

The third limitation in this study is its cross-sectional de-
sign; longitudinal studies would be necessary to verify the fact
that anorexic status negatively affects the salivary flow rate.

The fourth limitation is that body composition was not
analyzed. We did not perform these measurements because
there is some evidence that bioimpedance (BIA), the most
common and cost-effective method of assessing body compo-
sition has little utility in AN patients [45]. In this context,
future research should take also into account a control sub-
group, where the saliva and serum sample is taken at the same
time from the same people, which is no easy matter in the
adolescent population. However, it shall be argued that the
above described potential limitations do not render our results
invalid.

Conclusion

The present results demonstrated for the first time the detec-
tion and measurement of TAS and vaspin in saliva. The inves-
tigation confirmed that the levels of TAS and VASP are altered
in both serum and saliva during the acute stage of AN (BMI <
15 kg/m2) (hypothesis 1). The results also indicated that girls
with AN have lower TAS and increased vaspin concentra-
tions. Therefore, the null hypothesis was rejected. In addition,
we identified associations between anorexia nervosa, low
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salivary flow rate, and total antioxidant status (under
0.75 mmol/L) and enhanced vaspin level (above 0.34 ng/mL).

The determination of total antioxidant status (TAS) and
vaspin (VASP) in combined biological material (serum and
saliva) confirmed that saliva might be a reliable non-
invasive source of information for potent nutritional bio-
markers. Our findings suggest that the increase in VASP plays
a role in adaptive mechanisms in reduced TAS one resulting
from diminished salivary secretion. It is therefore worth con-
tinuing research aimed at recognizing the respective mecha-
nisms of TAS and VASP activity in the saliva of underweight
patients.
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