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Abstract
Objectives Type 1 diabetes mellitus (T1DM), a chronic autoimmune disease characterized by insulin deficiency, is related to 
periodontal diseases in children and adolescents. Our aim was to profile salivary human beta-defensin (hBD)-2 and hBD-3 
concentrations in relation to periodontal and T1DM status in children and adolescent populations.
Material and methods Unstimulated saliva samples were collected from 66 participants including periodontally healthy 
T1DM patients (T1DM + C; n = 18), T1DM patients with gingivitis (T1DM + G; n = 20), systemically and periodontally 
healthy individuals (SH + C: n = 15), and systemically healthy gingivitis patients (SH + G; n = 13). Full mouth plaque index 
(PI), bleeding on probing (BOP), probing pocket depth (PPD), and clinical attachment level (CAL) were recorded. Salivary 
hBD-2 and hBD-3 concentrations were evaluated by sandwich ELISA method. A p value of < 0.05 was considered statisti-
cally significant.
Results Salivary hBD-3 concentrations were lower in T1DM groups in comparison to systemically healthy counterparts 
(SH + G vs. T1DM + G; p < 0.001 and SH + C vs. T1DM + C; p < 0.001). Salivary hBD-2 levels did not differ between related 
groups. The difference in hBD-3 concentrations between T1DM and control groups was still significant (p = 0.008) after 
being adjusted for PI%, BOP%, and age.
Conclusion In the limits of study, T1DM patients were found to have decreased salivary hBD-3 concentrations, regardless 
of their gingival inflammatory status.
Clinical relevance Altered salivary hBD-3 concentration can partly explain why diabetic children are more prone to peri-
odontal diseases.
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Introduction

Periodontal diseases are chronic inflammatory disorders 
with infectious origin. Gingivitis, a subtype of periodontal 
disease, affects the soft tissues of periodontium and is the 
predominant form of the periodontal diseases in children and 
adolescents [1]. Type 1 diabetes mellitus (T1DM) is chronic 
autoimmune disease due to pancreatic beta-cell destruction. 
Genetic and environmental risk factors play role in its patho-
genesis [2, 3]. The onset of the T1DM is generally diagnosed 
in childhood. Studies that have examined the interactions 
between T1DM and periodontal diseases suggested that 
patients with T1DM demonstrated more dental plaque and 
bleeding index as well as greater periodontal attachment loss 
than healthy controls, particularly in younger populations 
[4–9]. According to literature, it was concluded that patients 
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with T1DM show increased susceptibility to periodontal dis-
ease, especially those with poorer metabolic control or with 
diabetic complications [10]. Proper periodontal treatment 
may have beneficial effects on glycemic control and dia-
betes complications [11]. The close relationship between 
T2DM and periodontitis is well-defined in terms of inflam-
matory burden and the modulation of local oral microbiome 
[12, 13]. However, there are still huge gaps in the relations 
between T1DM and periodontitis; eventually, underlying 
mechanisms remain to be elucidated.

Antimicrobial peptides are small cationic polypeptide 
molecules widely produced by organisms [14]. In the oral 
cavity, human beta-defensin (hBD) 1–3 are produced in 
gingival epithelium and are released to saliva and gingival 
crevicular fluid (GCF) [15, 16]. hBD 1–3 differ from each 
other regarding their localizations and secretion [14–16]. 
For instance, in periodontal tissues and saliva, secretion of 
hBD-1 considered is to be constitutive, whereas hBD-2 and 
-3 have demonstrated fluctuations in response to bacterial 
products or inflammatory conditions [17]. hBDs play an 
essential role in establishing homeostasis in the human body 
with their antimicrobial activity and bi-directional regula-
tory relations to the adaptive immune system, angiogenesis, 
and wound healing [17]. Despite their well-defined activities 
on immunity, controversial findings were presented regard-
ing how periodontal disease and DM affected hBD levels in 
oral biologic fluids and tissues [18, 19]. In literature, stud-
ies regarding the relationship between T1DM and hBDs are 
scarce; according to one study, serum levels of hBD-1 were 
reduced in T1DM patients compared with healthy individu-
als, and it can be speculated that dysregulation of hBDs 
might influence the disease state [20].

Saliva is an important component of the oral defense sys-
tem with its flow rate and protein composition. It is also 
known that T1DM can alter its content and antimicrobial 
properties [21, 22]. To the best of our knowledge, there is 
no study in the literature to investigate the salivary hBD-2 
and hBD-3 concentrations in relation to T1DM and peri-
odontal status. In the present study, the hypothesis was that 
periodontal status and T1DM impair salivary concentrations 
of hBD-2 and hBD-3. Therefore, the present study aims to 
profile salivary hBD-2 and hBD-3 concentrations in relation 
to periodontal and T1DM status in children and adolescent 
populations.

Material and methods

Study participants

This study was approved by the local ethics board of 
Sakarya University Faculty of Medicine (protocol num-
ber: E-71522473–050.01.04–15,422) and was performed in 

full accordance with the Helsinki Declaration of 1975, as 
revised in 2013. Overall, 66 participants including perio-
dontally healthy T1DM patients (T1DM + C; n = 18), T1DM 
patients with gingivitis (T1DM + G; n = 20), systemically 
and periodontally healthy individuals (SH + C; n = 15), and 
systemically healthy gingivitis patients (SH + G; n = 13) 
were recruited in the study. The participant recruitment and 
sample collections were performed at the Department of 
the Pediatric Dentistry, Faculty of Dentistry, Sakarya Uni-
versity in collaboration with the Department of Pediatric 
Endocrinology, Faculty of Medicine, Sakarya University 
during November 2020 to January 2021. Study participants 
and their parents were informed about the study protocol 
verbally, and written informed consents were obtained. 
Demographic variables including age, sex, medical and den-
tal treatment history, disease duration, and current medica-
tions if diagnosed with T1DM were obtained by interviews. 
Participants with diabetes-related systemic complications, 
existing or previous diagnosis of renal, hepatic disorders or 
HIV, having history of transplantation, receival of profes-
sional dental cleaning, intake of antibiotic therapy within 
the last 3 months, and history of orthodontic treatment were 
excluded from the study. The smoking status of the parents 
was obtained from self-reports of parents. The partici-
pants whose parents were smokers were defined as passive 
smokers.

Clinical Examination

The following clinical measurements were performed: 
plaque index [23] (PI), bleeding on probing [24] (BOP), 
probing pocket depth (PPD), and clinical attachment level 
(CAL). These periodontal indexes were recorded by using a 
manual periodontal probe (PW7, Hu-Friedy, IL, US) from 
four sites (buccal, lingual/palatal, mesial, and distal sur-
faces) per tooth, excluding deciduous teeth with any type 
of mobility. Dental caries status of participants was evalu-
ated by the decayed, missing, and filled teeth (dmft/DMFT) 
(D = Decayed, M = missing, F = filled, T = tooth) index for 
permanent teeth (DMFT) and deciduous teeth (dmft). Oral 
and periodontal examination was performed by single cali-
brated (kappa: 0.89) pediatric dentist (NY). Gingivitis was 
diagnosed according to the 2017 Classification of Periodon-
tal and Peri-implant Diseases and Conditions [25]. Briefly, 
participants were diagnosed having gingivitis in the presence 
of BOP ≥ 10% and PPD ≤ 3 mm. Moreover, BOP 10–30% 
was defined as localized gingivitis and BOP > 30% as gen-
eralized gingivitis, whereas BOP < 10% in the absence of 
attachment and bone loss was defined as periodontal health 
on an intact periodontium [25].

An expert pediatrician (RP) performed metabolic exami-
nations. Data regarding the duration of diabetes, therapeu-
tic regimen, daily insulin dose (unites/kg), and HbA1c (%) 
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were obtained from medical records. T1DM diagnosis was 
performed according to American Diabetes Association’s 
2018 guideline [26]; participants with fasting plasma glu-
cose (FPG) ≥ 126 mg/dL (7.0 mmol/L, fasting is defined as 
no caloric intake for ≥ 8 h) and HbA1c ≥ 6.5% (48 mmol/
mol) were diagnosed as having T1DM. Participants with 
HbA1c ≥ 7.5% (58 mmol/mol) were defined as uncontrolled 
T1DM (n = 24) [26].

Sample collection

Unstimulated saliva samples were obtained from all par-
ticipants before the clinical and metabolic examination 
between 8 and 10 AM. Participants were required to avoid 
eating, drinking, and tooth brushing for at least 1 h before 
the sample collection [27]. Then, they were spat and filled 
the Eppendorf tubes (5 mL) for 5 min. Afterward, the saliva 
samples were centrifuged (6000 g, 5 min) following that 
they were immediately stored at − 80 °C until analyses.

Enzyme‑linked immunosorbent assay for hBDs

Commercially available ELISA kits for hBD-2 and hBD-3 
(Peprotech, London, UK) were used to determine analyte 
concentrations. In short, wells on a 96-well plate were coated 
in an overnight incubation with either 100 ng of hBD-3-spe-
cific primary antibody or 50 ng of hBD-2-specific antibody 
per well; free binding sites were blocked using 1% BSA in 
PBS. To each well, 100 µL of samples was added in dupli-
cate. A total of 50 ng of biotin-conjugated secondary anti-
body was used for each well and washed away after an hour; 
avidin-conjugated horseradish peroxidase (avidin-HRP) was 
let to bind to biotin for half an hour at room temperature and 
the washed away. A total of 100 µL of ABTS was added and 
its HRP–catalyzed color reaction was monitored at 405 nm 
wavelength (Multiskan FC, Thermo Scientific) at 5-min 
intervals for a minimum of 20 min. The detection limits of 
ELISA kits were 16–2000 pg/ml for hBD-2 and 63–4000 pg/
ml for hBD-3.

Statistical analyses

The sample size of this study could not be calculated 
before it started because there was no study to investigate 
salivary hBD-2 and hBD-3 levels in related study groups. 
Therefore, an achieved power analysis was applied. In 
post-hoc analysis, alpha error was accepted as 0.05 in 
order to control Type I error. The power ranged from 77.6 
to 99.1%. Post-hoc power analysis was performed by G* 
Power 3.0.10 (Franz Faul, Universitat Kiel, Kiel, Ger-
many). All data were checked for normal distribution with 
box-plot- and histogram-illustrations. Data distributions 

of age, PI, BOP, and dmft/DMFT were normal thus pre-
sented as means and standard deviations. All categorical 
variables (gender and passive smoking status) were pre-
sented as frequencies and proportions (percentages) and 
evaluated by chi-squared test. Data distributions of hBD-2 
and -3 levels were found to be skewed, therefore presented 
as medians and minimum–maximum values. Intragroup 
comparisons were performed either using a parametric 
independent t-test (age, DMFT/dmft, PI%, BOP%, and 
PPD) or with the non-parametric Mann–Whitney U-test 
(hBD-2 and hBD-3), depending on the data distribution of 
the tested parameter. Univariate general linear model was 
used in adjusted comparisons of hBD-2 and hBD-3. A P 
value of < 0.05 was considered statistically significant. The 
Spearman’s test was performed for correlation analyses. 
Statistical analyses were run by a commercially available 
software (IBM SPSS Statistics for Windows, version 22.0, 
IBM Corp., Armonk, NY, USA).

Results

Demographic, oral/periodontal, and metabolic variables 
are presented in Table 1. Periodontal indexes were higher 
in gingivitis groups, as expected. Duration of T1DM, 
HbA1C, and daily insulin doses was not significantly dif-
ferent in participants with T1DM + gingivitis compared 
with T1DM + periodontally healthy individuals. Salivary 
hBD-2 and hBD-3 levels are presented in Table 2. Sali-
vary hBD-3 concentrations were found to be decreased in 
T1DM patients with gingivitis in comparison to systemi-
cally healthy gingivitis patients (p < 0.001), and in perio-
dontally healthy T1DM patients in comparison to systemi-
cally and periodontally healthy individuals (p < 0.001). No 
significant difference was observed in hBD-2 concentra-
tions between the groups. Among the systemically healthy 
participants, there was no significant difference in salivary 
hBD-2 (p = 0.346) and hBD-3 (p = 0.393) levels between 
gingivitis patients in comparison to periodontally healthy 
individuals. In addition to these findings, no significant 
difference was observed in salivary hBD levels in gingivi-
tis patients compared to periodontally healthy individuals 
among participants with T1DM (hBD-2 p = 0.856, hBD-3 
p = 0.316). Age-, PI–, and BOP%–adjusted comparisons of 
hBD-2 and hBD-3 concentrations are presented in Fig. 1  
(for hBD-2) and Fig. 2 (for hBD-3). According to the uni-
variate general linear model, there was a significant dif-
ference in the adjusted (age, PI, and BOP%) hBD-3 con-
centrations between T1DM and control groups (p = 0.008). 
No significant correlation was detected between salivary 
hBDs, periodontal indexes, and metabolic variables 
(p > 0.05).
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Discussion

To the best of the authors’ knowledge, this is the first study 
to demonstrate an association between decreased salivary 
hBD-3 concentrations and T1DM, regardless of individu-
als’ periodontal status.

In the present study, saliva was used as a biological 
sample. On the one hand, saliva collection is non-invasive 

and relatively easy, especially in the children and ado-
lescents’ population, and it is also considered to reflect 
both periodontal and systemic status [28, 29]. On the other 
hand, the flow rate of saliva may affect the salivary peptide 
concentrations. To minimize this effect, salivary peptide 
concentrations could be presented in relation to the total 
amount of protein. However, we could not perform total 
protein determination due to a lack of sample material 
after several repetitions of the ELISA test, which may be 

Table 1  Demographic, systemic, periodontal, and oral status of participants. p values over 0.05 are marked with a dash mark (-)

SH + G (I)
(n = 13)

SH + C (II)
(n = 15)

T1DM + G (III)
(n = 20)

T1DM + C (IV)
(n = 18)

I vs. II
P

III vs. IV
P

I vs. III
P

II vs. IV
P

Age (years) 10.53 ± 2.69 9.46 ± 2.35 10.82 ± 3.18 10.5 ± 3.83 - - - -
Female (%) 30.8 46.7 45.0 44.4 - - - -
Passive smoker (%) 69.2 60.0 55.0 50.0 - - - -
T1DM duration
(years)

NA NA 3.04 ± 2.74 3.59 ± 2.84 -

HbA1C (%) NA NA 9.33 ± 2.65 8.57 ± 2.66 -
Daily ınsulin dose (unites/kg) NA NA 0.87 ± 0.3 0.75 ± 0.35 -
DMFT/dmft 9.61 ± 4.44 8.46 ± 4.1 7.95 ± 3.81 7.05 ± 4.39 - - - -
PI 51.5 ± 11.4 26.2 ± 11.1 57.3 ± 16.9 29.1 ± 14.8 - - - -
BOP (%) 16.2 ± 4.5 3.4 ± 3.1 20.8 ± 7.7 2.6 ± 2.6 - - - -

Table 2  Salivary human beta-defensin (hBD)-2 and hBD-3 concentrations of study groups. All values are given as median and min–max (in 
parenthesis) values. p values below 0.05 are bolded

SH + G (I)
(n = 13)

SH + C (II)
(n = 15)

T1DM + G (III)
(n = 20)

T1DM + C (IV)
(n = 18)

I vs. II
P

III vs. IV
P

I vs. III
P

II vs. IV
P

hBD-2 (pg/ml) 268
(156–1074)

294
(16–624)

171
(16–1621)

203
(46–1585)

0.346 0.856 0.957 0.353

hBD-3 (pg/ml) 841
(494–1403)

727
(366–1391)

401
(64–1360)

228
(74–1200)

0.393 0.316  < 0.001  < 0.001

Fig. 1  Adjusted (PI%, BOP%, 
and age) salivary hBD-2 con-
centrations in Type 1 Diabetes 
mellitus (DM) and systemically 
healthy groups. Error bars indi-
cate the 95% confidence interval
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considered a limitation of the present study. In our study, 
the current periodontal disease classification system with 
full mouth periodontal examination was applied to define 
participant periodontal status. This standardized, full 
mouth clinical examination is considered the gold standard 
for the assessment of the periodontal disease and treatment 
needs [30]. It also prevents the potential bias about the 
diagnosis and can be considered as a strength of present 
study. HbA1c is a demonstrative indicator to represent 
clinical status of DM. Participants with HbA1c ≥ 7.5% 
(58 mmol/mol) are defined as uncontrolled DM. In the 
present study, both well and uncontrolled participants 
were included. The metabolic status of participants may be 
related with our findings. Studies which include both well 
and uncontrolled patients separately would demonstrate 
the direct effect of metabolic control on salivary hBDs in 
T1DM, as our cross-sectional study design did not allow 
for the determination of fluctuations in hBD secretions in 
response to gingival and glycemic status and it also can be 
considered another limitation of the present study. Future 
studies including study groups with larger participants 
with prospective cohort design are warranted.

According to our findings, among the systemically 
healthy and T1DM patients, salivary hBD-2 and hBD-3 
concentrations did not differ between gingivitis and peri-
odontally healthy groups. In literature, there is no con-
sensus regarding the relation between hBDs and gingival 
inflammation. Protein and RNA expression levels of hBDs 
in oral biological fluids and oral tissues have previously 
been found to be elevated, steady, or suppressed in partici-
pants diagnosed with either gingivitis or periodontitis [18, 
31, 32]. These discrepancies may be explained differently: 
It is known that infection and pro-inflammatory mediators 
activate hBD-2 and -3 expression. However, bacteria, host-
delivered proteases, and disrupted epithelium structure due 

to inflammation can limit the secretion and the levels of 
hBDs. For instance, our group demonstrated negative cor-
relation between gingival tissue hBDs and total protease 
activity, indicating the degradation of related peptides in 
progressed inflammation [33]. A recent study from Dom-
misch et al. [31] also pointed out hBD-2 and hBD-3 can 
change their biological role during the development of gin-
gival inflammation. It is important to keep in mind that 
the inflammatory mediators are weaker in children and 
inflammatory responses become stronger with age [34]. 
As children grow, systemic immune responses and local 
gingival conditions can change [1]. Future studies includ-
ing different age groups in cohort study design would be 
helpful to understand this ambiguity. The inconsistencies 
in literature may also be related to studied biological sam-
ples. In saliva, the detection of hBDs can be challenging 
due to related peptides which can aggregate together or 
with salivary proteins. For instance, it has been demon-
strated that salivary hBDs exhibit interaction with other 
antimicrobial peptides like mucins [35]. It was hypoth-
esized that non-cationic peptides in saliva could mask hBD 
detection due to ionic interaction and significant size dif-
ferences. Salivary concentrations do not necessarily cor-
relate with those in GCF and gingival tissue since released 
hBDs in saliva may be diluted [29]. As an exudate, GCF 
components reflect the site-specific changes in periodontal 
tissues and valid source of locally derived biomarkers of 
periodontal disease. Yet, the collection of GCF in children 
is difficult because the gingival sulci in the primary teeth 
are shallower than in permanent teeth and the amount of 
this specific biological sample may be produced at low rate 
especially in case of periodontal health. Finally, the source 
oral of hBDs can be either exfoliation gingival epithelial 
cells, GCF, as an exudate or saliva, as a circulating fluid 
[36].

Fig. 2  Adjusted (PI%, BOP%, 
and age) salivary hBD-3 con-
centrations in Type 1 Diabetes 
mellitus (DM) and systemically 
healthy groups. Error bars indi-
cate the 95% confidence interval
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According to present findings, decreased salivary hBD-3 
concentrations were observed in participants diagnosed with 
T1DM in comparison to systemically healthy individuals. 
The data related to hBD levels in patients with T1DM in 
literature are limited, yet our findings are in accordance with 
the existing studies. For instance, Brauner et al. [20] demon-
strated reduced systemic levels of hBDs in participants with 
T1DM compared with healthy individuals. In another study 
performed in a systemically healthy children population, a 
positive correlation between hBD-2 and -3 in gingival tis-
sue samples was indicated [37]. Besides, an in vitro study 
from Lan et al. [38] indicated the hyperglycemic conditions 
decreased the expression of hBD-3 in human keratinocytes 
at mRNA and protein levels. They demonstrated that this 
process involved inhibition of p38MAPK signaling which 
resulted from increased formation of advanced glycation end 
products [38]. Some other studies in the literature have dem-
onstrated an increased level of hBD-2 in duodenal tissues 
and fecal samples in patients with T1DM [34, 35]. Related 
authors concluded that fungal and bacterial dysbiosis and 
intestinal inflammation are associated with beta-cell auto-
immunity and development of T1DM [39, 40]. Discrepan-
cies between the present and aforementioned studies may 
be related to the differences in sample material and the 
metabolic status of T1DM. In addition to biological sample 
differences, in our study, we included participants who had 
already been diagnosed with T1DM and most of the partici-
pants demonstrated poorly metabolic control according to 
their HbA1c values. Abovementioned studies, however, fol-
lowed study participants during the development of T1DM. 
It can be speculated that the phase (onset vs. established) 
and metabolic control of T1DM may change the course and 
the severity of inflammatory responses. In present study, 
salivary hBD-2 concentrations did not significantly differ 
between study groups. hBD-2 and hBD-3 differ from each 
other in relation to localization in gingival epithelium and 
their functional characteristics [18]. It may be hypothesized 
that these differences of hBD-2 and hBD-3 may cause 
related biological interpretation which was demonstrated in 
our study. However, such a hypothesis is only speculative 
and requires further experiments.

In our study, patients diagnosed with T1DM and gin-
givitis demonstrated higher periodontal index scores than 
systemically healthy gingivitis patients. Several studies 
have indicated that diabetic children and adolescents have 
higher periodontal index scores than their systemically 
healthy counterparts, similar to our findings [4–6]. How-
ever, the underlying mechanism of this association is not 
clear. According to our results, it may be hypothesized that 
reduced levels of salivary hBD-3 can be one part of impaired 
immune response in diabetics and can make diabetic patients 
more prone to periodontal diseases. Underlying mechanisms 
need to be elucidated with future studies.

Conclusions

In the limits of this study, T1DM patients were found to 
have decreased salivary hBD-3 concentrations, regardless of 
the gingival inflammatory status. Impaired salivary hBD-3 
concentration can partly explain why diabetic patients are 
more prone to periodontal diseases.
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