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Introduction: Type 1 diabetes mellitus is associated with several oral complications, includ-
ing salivary gland dysfunction and alterations in salivary composition. Adrenergic pathways are 
involved in the regulation of salivary secretion; however, salivary β1-adrenergic receptor-related 
immunoreactivity has not been well investigated in children with type 1 diabetes mellitus. This ex-
ploratory case-control study aimed to compare salivary β1-adrenergic receptor immunoreactivity 
between children with type 1 diabetes mellitus and systemically healthy controls.

Materials and Methods: This observational case-control study included 66 children aged 
7-13 years, comprising 33 children with type 1 diabetes mellitus and 33 systemically healthy con-
trols within the same age range. Children with type 1 diabetes mellitus were clinically stable at 
enrollment and had acceptable metabolic control based on screening records and pediatric endo-
crinology evaluation. These glycemic criteria were used only for eligibility screening and were not 
included as analytic variables. Unstimulated whole saliva was collected using the spitting meth-
od after a minimum fasting period of 2 hours. Salivary β1-adrenergic receptor immunoreactiv-
ity was measured using a sandwich enzyme-linked immunosorbent assay. Data normality was 
assessed using the Shapiro-Wilk test, and the between-group comparison was performed using the 
Mann-Whitney U test.

Results: Salivary β1-adrenergic receptor immunoreactivity was significantly higher in children 
with type 1 diabetes mellitus than in healthy controls. The median salivary β1-adrenergic receptor 
immunoreactivity was 81.56 ng/L (IQR: 62.12-92.31) in the type 1 diabetes mellitus group and 
36.43 ng/L (IQR: 27.56-45.92) in the control group. The between-group difference was statistically 
significant (Mann-Whitney U = 137.0, p = 1.79 × 10⁻⁷). The range of values was wider in the type 1 
diabetes mellitus group (19.96-615.28 ng/L) compared with controls (4.67-188.29 ng/L).

Conclusion: Children with type 1 diabetes mellitus showed higher salivary β1-adrenergic re-
ceptor-related immunoreactivity than systemically healthy controls. This finding should be inter-
preted as preliminary evidence of altered salivary biomarker profiles rather than direct evidence 
of increased adrenergic receptor expression, receptor function, or sympathetic nervous system 
activity. Further studies with larger samples, community-based or matched controls, salivary flow 
rate measurement, oral health indices, and detailed diabetes-related variables are required to clarify 
the biological source and clinical relevance of this finding.

Keywords: Type 1 diabetes mellitus; Pediatric diabetes; Saliva; Salivary biomarkers; β1-adren-
ergic receptor; Immunoreactivity; ELISA.
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Introduction

Type 1 Diabetes Mellitus (T1DM) is a chron-
ic autoimmune disorder characterized by au-
toimmune destruction of pancreatic β-cells, 

resulting in absolute insulin deficiency and persistent 
hyperglycemia, with onset commonly in childhood or 
adolescence [1,2]. The disease manifests a spectrum of 
microvascular and macrovascular complications and 
oral health alterations are increasingly recognized as 
relevant complications that may be influenced by met-
abolic, inflammatory, salivary, and behavioral factors 
[3-5]. These manifestations include periodontal dis-
ease, salivary gland dysfunction, xerostomia, increased 
susceptibility to oral infections, alterations in taste per-
ception, and delayed healing of oral mucosal wounds. 
The oral cavity is particularly affected because of its 
rich vascular and neural supply and its continuous ex-
posure to mechanical and microbial challenges [6,7]. 

Saliva has a fundamental role in maintaining oral 
health by providing lubrication, antimicrobial activity, 
buffering capacity, and support for tissue repair [8,9]. 
Several studies have reported alterations in salivary 
flow rate and salivary composition in patients with 
diabetes mellitus [10]. Reduced unstimulated salivary 
flow and increased salivary protein concentration are 
among the most frequently reported findings. These 
changes may contribute to the development of oral 
complications such as dental caries, mucosal lesions, 
and periodontal disease. Similar salivary alterations 
have been observed in both adult and pediatric pa-
tients with diabetes [8,11]. Salivary secretion is mainly 
regulated by the autonomic nervous system through 
the coordinated activity of parasympathetic and sym-
pathetic pathways [12]. 

Parasympathetic stimulation typically results in 
high-volume saliva with low protein content, where-
as sympathetic stimulation produces saliva with lower 
flow rate and higher protein concentration. Adrenergic 
receptor pathways are part of the physiological back-
ground of salivary secretion and may influence pro-
tein-rich salivary output; however, salivary biomark-
er measurements do not necessarily reflect receptor 
function or tissue-level signaling [13]. β-adrenergic 
receptors are G protein–coupled receptors that me-
diate the cellular effects of catecholamines, including 
epinephrine and norepinephrine. Among these recep-
tors, the β1-adrenergic receptor subtype is involved in 
intracellular signaling pathways that regulate protein 
secretion through cyclic adenosine monophosphate–
dependent mechanisms. Activation of β-adrenergic 

receptors in salivary gland cells promotes exocytosis 
of protein-rich secretory granules and influences the 
qualitative characteristics of saliva [14,15]. Although 
saliva-based biomarkers have been increasingly inves-
tigated in systemic and oral inflammatory conditions, 
evidence regarding salivary β1-adrenergic receptor 
immunoreactivity in pediatric type 1 diabetes mellitus 
remains limited. Therefore, the present case-control 
study aimed to compare salivary β1-adrenergic recep-
tor immunoreactivity between children with type 1 di-
abetes mellitus and age-matched healthy controls using 
unstimulated whole saliva.

Materials and Methods

This study was designed as an exploratory obser-
vational case-control study. The study was conducted 
at the Children’s Medical Center and the School of 
Dentistry, Tehran University of Medical Sciences. Par-
ticipant recruitment, saliva collection, and laboratory 
procedures were performed after approval by the insti-
tutional ethics committee. The primary objective of the 
study was to compare salivary β1-adrenergic receptor 
immunoreactivity between children with type 1 dia-
betes mellitus and systemically healthy controls. The 
study was considered exploratory and hypothesis-gen-
erating because no previous disease-specific data were 
available regarding salivary β1-adrenergic receptor im-
munoreactivity in children with type 1 diabetes mel-
litus. A total of 66 children aged 7 to 13 years were 
included in the study. The case group consisted of 33 
children with type 1 diabetes mellitus, and the control 
group consisted of 33 systemically healthy children 
within the same age range.

Children in the case group had a confirmed diag-
nosis of type 1 diabetes mellitus established by pedi-
atric endocrinologists prior to enrollment. To reduce 
clinical heterogeneity within the diabetic group, only 
children who were clinically stable and had acceptable 
metabolic control during the preceding three months 
based on screening records and pediatric endocrinol-
ogy evaluation were considered eligible. These glyce-
mic criteria were used only at the participant selection 
stage and were not defined as study outcomes or ana-
lytic variables. Therefore, individual HbA1c and fasting 
blood sugar values were not included in the final statis-
tical dataset. Control participants were recruited from 
systemically healthy children attending the School of 
Dentistry for routine dental examinations. Therefore, 
the control group should be considered a clinic-based 
convenience sample rather than a community-based 
sample. Controls were screened to exclude any known 
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systemic disease and were sampled using the same sa-
liva collection protocol as the type 1 diabetes mellitus 
group. Both recruitment settings were university-affili-
ated public academic centers, which may have reduced 
major differences related to healthcare access context. 
However, formal individual matching for socioeco-
nomic status, parental education, oral hygiene behav-
ior, or dental attendance patterns was not performed. 
Children were eligible for the type 1 diabetes mellitus 
group if they had a confirmed diagnosis of type 1 di-
abetes mellitus established by a pediatric endocrinol-
ogist, were 7 to 13 years of age, were clinically stable 
at the time of saliva collection, and had acceptable 
metabolic control during the preceding three months 
based on screening records and pediatric endocrinol-
ogy evaluation. Children were eligible for the control 
group if they were 7 to 13 years of age, had no known 
systemic disease, attended the School of Dentistry for 
routine dental examination, and were able to provide 
an unstimulated whole saliva sample.

Children in either group were excluded if they had 
any additional systemic disease, were unable to co-
operate during saliva sampling, failed to comply with 
pre-sampling fasting instructions, or could not provide 
an adequate saliva sample for laboratory analysis. Writ-
ten informed consent was obtained from the parents 
or legal guardians of all participants before enrollment. 
Because no previous study was available that directly 
reported salivary β1-adrenergic receptor immunore-
activity in children with type 1 diabetes mellitus, no 
disease-specific effect size could be used for an a priori 
sample size calculation. Therefore, the present study 
was designed as an exploratory and hypothesis-gen-
erating case-control investigation. A balanced sam-
ple of 33 children with type 1 diabetes mellitus and 
33 systemically healthy controls was included based 
on the availability of eligible participants during the 
study period and the feasibility of saliva collection and 
ELISA-based laboratory assessment. To contextualize 
the statistical interpretability of the enrolled sample, 
a post-hoc sensitivity power analysis was performed. 
With 33 participants per group, a two-sided alpha lev-
el of 0.05, and equal group allocation, the study had 
approximately 80% power to detect a standardized be-
tween-group difference of d = 0.70 and approximately 
90% power to detect a standardized difference of d = 
0.81. Therefore, the sample size was considered ade-
quate for detecting moderate-to-large between-group 
differences, but insufficient for reliably detecting small 
effects, subgroup differences, or adjusted multivariable 
associations. An earlier salivary biomarker study used 

an ELISA-based approach to evaluate salivary adren-
ergic receptor-related proteins in oral lichen planus 
[16]. However, that study involved a biologically dis-
tinct oral inflammatory condition and was not used as 
a disease-specific basis for sample size estimation in the 
revised manuscript. It is cited only to support the an-
alytical feasibility of detecting adrenergic receptor-re-
lated immunoreactivity in saliva. The exposure variable 
was group status, defined as type 1 diabetes mellitus 
or systemically healthy control. The primary outcome 
variable was salivary β1-adrenergic receptor immu-
noreactivity in unstimulated whole saliva, reported in 
ng/L according to the ELISA output. The final analytic 
dataset included group status and salivary β1-adren-
ergic receptor immunoreactivity. Glycemic indices 
were used only for eligibility screening and were not 
included as analytic variables. Diabetes duration, insu-
lin regimen, daily insulin dose, Tanner pubertal stage, 
unstimulated salivary flow rate, and standardized oral 
health indices such as DMFT/dmft, plaque index, and 
gingival index were not prospectively recorded in a 
standardized analyzable form. Accordingly, these vari-
ables were not included in descriptive tables, correla-
tion analyses, or adjusted statistical models.

Unstimulated whole saliva samples were collected 
using the spitting method after a minimum fasting pe-
riod of two hours. Participants were instructed to avoid 
eating and drinking during the pre-sampling fasting 
interval. The same saliva collection protocol was ap-
plied to both groups in order to reduce pre-analytical 
variability. After collection, saliva samples were centri-
fuged to remove cellular debris and particulate mate-
rial. The supernatant was stored at −20°C until ELISA 
analysis. All samples were handled under the same 
pre-analytical conditions in both study groups. Al-
though unstimulated whole saliva was collected under 
a standardized protocol, salivary flow rate was not mea-
sured using timed sialometry. Therefore, the measured 
values should be interpreted as salivary β1-adrenergic 
receptor immunoreactivity based on the ELISA-report-
ed concentration, rather than as secretion rate or total 
salivary output. Salivary β1-adrenergic receptor-related 
immunoreactivity was quantified using a commercial-
ly available sandwich enzyme-linked immunosorbent 
assay kit designed to detect human β1-adrenergic re-
ceptor protein in biological fluids. Measurements were 
reported in ng/L according to the manufacturer’s cali-
bration curve. In the context of whole saliva, the ELI-
SA-based signal should be interpreted as β1-adrenergic 
receptor-related immunoreactivity rather than direct 
measurement of intact functional membrane-bound 
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receptors. The detected signal may reflect soluble re-
ceptor fragments, epithelial shedding products, sali-
vary gland-derived components, or extracellular ves-
icle-associated proteins. Therefore, the assay provides 
an exploratory salivary biomarker measurement and 
does not directly assess receptor function, receptor 
density in salivary gland tissue, or sympathetic ner-
vous system activity. Measurement bias was reduced 
by applying the same saliva collection protocol, storage 
conditions, and ELISA-based laboratory method to all 
participants. All samples were collected as unstimu-
lated whole saliva after the same minimum fasting in-
terval. Selection bias was addressed by applying pre-
defined eligibility criteria to both groups. However, the 
control group was recruited from children attending 
a dental school for routine dental examinations, and 
therefore it represents a clinic-based convenience con-
trol group. Formal matching for socioeconomic status, 
parental education, dental attendance patterns, oral hy-
giene behavior, pubertal status, or oral health indices 
was not performed. These issues were considered in the 
interpretation of the findings and are acknowledged as 
limitations.

Statistical analysis was performed using SPSS ver-
sion 20. All statistical tests were two-sided, and a p-val-
ue less than 0.05 was considered statistically significant. 
The distribution of salivary β1-adrenergic receptor-re-
lated immunoreactivity was evaluated using the Sha-
piro-Wilk test. Because the outcome variable showed 
a non-normal distribution, continuous values were 
summarized using median and interquartile range. 
Minimum and maximum values were also reported 
to describe the observed range of measurements. Be-
tween-group comparison of salivary β1-adrenergic re-
ceptor-related immunoreactivity was performed using 
the Mann-Whitney U test as the primary analysis. The 
Mann-Whitney U statistic and the two-sided numer-
ical p-value were reported for the primary compari-
son. Because HbA1c and fasting blood sugar were used 
only for eligibility screening and were not retained 
as analytic variables in the final statistical dataset, no 
correlation analyses between salivary β1-adrenergic 
receptor-related immunoreactivity and glycemic indi-
ces were performed in the revised analysis. A supple-
mentary log-transformed analysis was performed as 
a robustness assessment of the between-group differ-
ence. Natural log-transformed values were compared 
between groups using an independent-samples t test. 
Back-transformed geometric means, geometric mean 
ratio, 95% confidence interval, and p-value were re-
ported. The primary analysis remained the non-para-

metric Mann-Whitney U test because the raw salivary 
β1-adrenergic receptor-related immunoreactivity val-
ues were skewed and included extreme observations. 
The study protocol was approved by the Ethics Com-
mittee of Tehran University of Medical Sciences, School 
of Dentistry, ethics code IR.TUMS.DENTISTRY.
REC.1399.101. Written informed consent was obtained 
from the parents or legal guardians of all participants. 
Because this was a non-interventional observational 
case-control study and participants were not prospec-
tively assigned to any health-related intervention, the 
study was not registered in a clinical trial registry.

Results

A total of 66 children were included in the final 
analysis, comprising 33 children with type 1 diabetes 
mellitus and 33 systemically healthy controls within 
the same age range. Group status and salivary β1-ad-
renergic receptor-related immunoreactivity were avail-
able for all 66 included participants, corresponding to 
a 100% completion rate for the final analytic variables. 
Glycemic indices were used only during eligibility 
screening and were not retained as analytic variables in 
the final statistical dataset. Therefore, HbA1c and fast-
ing blood sugar values were not reported descriptively, 
and no correlation analyses between salivary β1-adren-
ergic receptor-related immunoreactivity and glycemic 
indices were performed. Diabetes duration, insulin 
regimen, daily insulin dose, pubertal stage, unstimu-
lated salivary flow rate, and standardized oral health 
indices were not included in the final analytic dataset; 
therefore, completion rates could not be reported for 
these variables.

Salivary β1-adrenergic receptor-related immuno-
reactivity showed a non-normal distribution in both 
study groups based on the Shapiro-Wilk test. The Sha-
piro-Wilk test was statistically significant in healthy 
controls (p = 1.31 × 10⁻⁷) and in children with type 
1 diabetes mellitus (p = 2.51 × 10⁻¹⁰). Therefore, val-
ues were summarized using median, interquartile 
range, minimum, and maximum, and the primary 
between-group comparison was performed using the 
Mann-Whitney U test. The median salivary β1-ad-
renergic receptor-related immunoreactivity was 36.43 
ng/L (IQR: 27.56-45.92) in healthy controls and 81.56 
ng/L (IQR: 62.12-92.31) in children with type 1 dia-
betes mellitus. Salivary β1-adrenergic receptor-related 
immunoreactivity was significantly higher in the type 
1 diabetes mellitus group than in the healthy control 
group (Mann-Whitney U = 137.0, two-sided p = 1.79 
× 10⁻⁷). The observed range was wider in children with 
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Figure 1. Schematic overview of the physiological background of β1-adrenergic receptor-related pathways in sali-
vary gland function. The diagram is intended only to provide biological context and should not be interpreted as a 
mechanistic model tested in the present study. This study measured salivary β1-adrenergic receptor-related immuno-
reactivity in unstimulated whole saliva using ELISA and did not directly evaluate intact receptor expression, receptor 
activity, catecholamine release, autonomic function, or sympathetic nervous system activity.

type 1 diabetes mellitus (19.96-615.28 ng/L) than in 
healthy controls (4.67-188.29 ng/L). A supplementary 
log-transformed analysis was performed as a robust-
ness assessment and was not used as the primary ana-
lytical approach. In this analysis, the back-transformed 
geometric mean was 77.52 ng/L in the type 1 diabetes 
mellitus group and 34.26 ng/L in healthy controls. The 
geometric mean ratio was 2.26 (95% CI: 1.67-3.06; p 

= 1.13 × 10⁻⁶). This supplementary analysis was con-
sistent with the primary non-parametric comparison, 
while the Mann-Whitney U test remained the primary 
analysis because the raw values were skewed and in-
cluded extreme observations.

Table 1. Salivary β1-adrenergic receptor-related immunoreactivity in children with type 1 diabetes mellitus and 
healthy controls.

Variable Group n Median (IQR) 

(ng/L)

Minimum 

(ng/L)

Maximum 

(ng/L)

Mann–Whit-

ney U test

p-value

Salivary 

β1-adrenergic 

receptor-relat-

ed immuno-

reactivity, 

unstimulated 

whole saliva

Healthy con-

trols

33 36.43 (27.56–

45.92)

4.67 188.29 137 1.79 × 10^-7

Type 1 diabe-

tes mellitus

33 81.56 (62.12–

92.31)

19.96 615.28

Values are presented as median and interquartile range (IQR). Between-group comparison was performed using the 
Mann-Whitney U test.
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Discussion

The present exploratory case-control study eval-
uated salivary β1-adrenergic receptor-related immu-
noreactivity in children with type 1 diabetes mellitus 
and systemically healthy controls within the same age 
range. The main finding was that children with type 1 
diabetes mellitus showed significantly higher salivary 
β1-adrenergic receptor immunoreactivity than con-
trols. The median value was 81.56 ng/L in the type 1 
diabetes mellitus group and 36.43 ng/L in the control 
group. This difference was statistically significant in the 
primary non-parametric analysis and remained in the 
same direction in the supplementary log-transformed 
assessment. These findings suggest that pediatric type 
1 diabetes mellitus may be associated with an altered 
salivary β1-adrenergic receptor-related immunoreac-
tive profile. However, this result should be interpreted 
carefully because the ELISA-detected signal in whole 
saliva does not directly demonstrate increased recep-
tor expression, receptor function, receptor density in 
salivary gland tissue, or sympathetic nervous system 
activity.

This distinction is important for avoiding biolog-
ical overinterpretation. β1-adrenergic receptors are 
membrane-associated G protein-coupled receptors, 
whereas the present study measured an immunoreac-
tive signal in unstimulated whole saliva. Therefore, the 
measured outcome is more accurately described as sal-
ivary β1-adrenergic receptor-related immunoreactivity 
rather than receptor concentration in the strict biolog-
ical sense. In whole saliva, such a signal may originate 
from several sources, including salivary gland-derived 
components, epithelial shedding products, soluble pro-
tein fragments, inflammatory exudates, serum-derived 
components, or extracellular vesicle-associated pro-
teins. Accordingly, the present finding should be con-
sidered a preliminary salivary biomarker observation 
rather than evidence of increased functional adrenergic 
signaling. The oral environment in children with type 
1 diabetes mellitus provides a relevant context for in-
terpreting this finding. Type 1 diabetes may affect oral 
health through multiple mechanisms, including chang-
es in salivary function, immune response, glycation-re-
lated inflammation, oral microbial ecology, and tissue 
repair. In a recent systematic review and meta-analysis, 
Triebl et al. reported that evidence regarding DMFT, 
periodontal indices, and salivary function in children 
with type 1 diabetes is heterogeneous, but salivary flow 
rate and glycemic control remain important variables 
in this population [17]. Liu et al. also reported that 
children and adolescents with type 1 diabetes may have 

higher caries experience and reduced salivary flow, 
although the certainty of evidence was not uniformly 
high [18]. These studies support the broader concept 
that pediatric type 1 diabetes may be associated with 
measurable changes in salivary and oral health param-
eters. They do not, however, provide direct evidence 
about β1-adrenergic receptor-related immunoreactiv-
ity. Recent clinical evidence further suggests that oral 
inflammatory status may influence salivary biomark-
er profiles in young individuals with type 1 diabetes. 
Catamo et al. evaluated children and young adults 
with type 1 diabetes and healthy controls and found 
higher frequencies of caries and gingivitis in the dia-
betes group. They also reported that salivary cytokine 
profiles differed according to oral condition, with spe-
cific changes in inflammatory and anti-inflammatory 
mediators among participants with caries, gingivitis, 
or both conditions [19]. This is highly relevant to the 
present study because standardized oral health indices, 
including DMFT/dmft, plaque index, gingival index, 
bleeding on probing, and periodontal status, were not 
included in the final analytic dataset. Therefore, un-
measured oral inflammatory or dental conditions may 
have contributed to the observed difference in salivary 
β1-adrenergic receptor-related immunoreactivity.

The absence of salivary flow rate measurement is an-
other important consideration. Whole saliva biomark-
er values may be influenced by dilutional effects, total 
protein content, and secretion rate. Reduced salivary 
flow can increase the apparent value of some salivary 
proteins even when total secretion is not increased. 
Previous studies in pediatric type 1 diabetes have re-
ported changes in salivary flow and salivary compo-
sition, although findings have varied across studies 
[17,18]. In the present study, unstimulated whole saliva 
collection was standardized across both groups, but 
timed sialometry was not performed. Therefore, the 
results cannot distinguish between a higher salivary 
immunoreactive signal and possible differences related 
to salivary volume, dilution, or flow. The relationship 
between the present finding and glycemic status also 
cannot be determined. In this study, glycemic infor-
mation was used during eligibility screening to reduce 
clinical heterogeneity and to include clinically stable 
children with acceptable metabolic control. However, 
individual HbA1c and fasting blood sugar values were 
not retained as analytic variables in the final dataset. 
As a result, no descriptive glycemic table or correla-
tion analysis with glycemic indices could be provided. 
This limits interpretation and prevents assessment of 
whether salivary β1-adrenergic receptor-related immu-
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noreactivity differs according to metabolic control, gly-
cemic variability, disease duration, insulin regimen, or 
insulin dose. Therefore, the present findings should not 
be interpreted as independent of glycemic status. They 
should instead be considered preliminary evidence of 
a between-group difference in a clinically selected sub-
group of children with type 1 diabetes mellitus. Only 
limited evidence is available regarding salivary adren-
ergic receptor-related measurements. Gholizadeh et 
al. evaluated salivary α1- and β1-adrenergic receptor 
levels in patients with oral lichen planus using an ELI-
SA-based method and reported higher salivary adren-
ergic receptor levels in oral lichen planus compared 
with healthy controls [16]. That study is useful because 
it demonstrates the analytical feasibility of detecting 
adrenergic receptor-related immunoreactivity in saliva. 
However, oral lichen planus is biologically and clini-
cally different from pediatric type 1 diabetes mellitus. 
The two conditions differ in age distribution, disease 
mechanisms, inflammatory context, and oral tissue in-
volvement. Therefore, the study by Gholizadeh et al. 
should not be used as a direct biological comparator 
for the present findings and should not be considered a 
disease-specific basis for sample size estimation. Its rel-
evance to the present study is limited to showing that 
ELISA-based assessment of salivary adrenergic recep-
tor-related proteins is technically feasible.

The biological source of the ELISA-detected signal 
remains uncertain. Saliva is a complex biofluid contain-
ing secretions from major and minor salivary glands, 
gingival crevicular fluid, immune cells, desquamat-
ed epithelial cells, microbial products, serum-derived 
components, and extracellular vesicles. Recent reviews 
have emphasized that salivary extracellular vesicles can 
carry proteins, nucleic acids, and other biomolecules 
that may reflect both local oral and systemic biological 
processes [20]. Salivary extracellular vesicles may also 
improve biomarker detection by protecting molecular 
cargo from degradation and reducing some forms of 
sample complexity. At the same time, experimental 
evidence indicates that extracellular vesicle isolation 
methods can influence particle yield, size distribution, 
and protein content, and that some biomarkers may 
be detectable in extracellular vesicle fractions but not 
in whole saliva [21]. Since the present study did not 
isolate or characterize extracellular vesicles, it is not 
possible to determine whether the observed β1-adren-
ergic receptor-related immunoreactivity was associated 
with soluble fragments, extracellular vesicle-associated 
proteins, epithelial shedding, or other salivary compo-
nents.

Pre-analytical factors may also influence salivary 
biomarker studies. Mortazavi et al. reviewed saliva 
collection, transportation, preparation, and storage 
methods and showed that human saliva studies vary 
substantially in collection technique, handling proce-
dures, centrifugation, storage temperature, and timing 
of analysis [22]. In the present study, the same saliva 
collection and storage protocol was applied to both 
groups, which reduces differential measurement bias. 
However, the lack of universally standardized proto-
cols for salivary biomarker research remains a gener-
al methodological challenge. This issue is particularly 
relevant for exploratory biomarkers, where differences 
in sample processing may affect protein stability, mea-
sured values, or downstream assay performance. Sever-
al limitations should be considered when interpreting 
the present findings. First, the case-control design does 
not allow causal inference. The study demonstrates a 
between-group difference in salivary β1-adrenergic re-
ceptor-related immunoreactivity, but it cannot deter-
mine whether this difference is caused by type 1 diabe-
tes mellitus or by other metabolic, oral, inflammatory, 
developmental, or methodological factors.

Second, the study was exploratory and included 
33 participants per group. Because no previous dis-
ease-specific data were available for salivary β1-adren-
ergic receptor-related immunoreactivity in pediatric 
type 1 diabetes mellitus, the study was not based on 
a directly relevant a priori effect size. Although the 
enrolled sample was adequate for detecting a moder-
ate-to-large between-group difference, it was not suffi-
cient for subgroup analyses, multivariable adjustment, 
or reliable evaluation of small effects. Third, glycemic 
indices were used only during eligibility screening and 
were not retained as analytic variables in the final data-
set. Therefore, individual HbA1c and fasting blood 
sugar values could not be reported descriptively, and 
the relationship between salivary β1-adrenergic recep-
tor-related immunoreactivity and metabolic control 
could not be assessed. In addition, diabetes duration, 
insulin regimen, daily insulin dose, and glycemic vari-
ability were not available in a standardized analyzable 
form. These omissions limit interpretation of whether 
the observed salivary difference is related to diabetes 
severity, treatment characteristics, or metabolic status. 
Fourth, pubertal status was not recorded. This is rel-
evant because the included age range, 7 to 13 years, 
covers a developmental period in which pubertal mat-
uration may influence hormonal status, immune func-
tion, salivary composition, and metabolic physiology. 
Fifth, unstimulated salivary flow rate was not measured 
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using timed sialometry. Therefore, the ELISA-reported 
values could not be normalized to salivary flow or in-
terpreted as secretion rates. Because whole saliva bio-
marker values may be influenced by dilutional effects 
and total salivary output, the absence of salivary flow 
measurement limits biological interpretation of the 
measured immunoreactivity. Sixth, standardized oral 
health indices were not included in the final analyt-
ic dataset. DMFT/dmft, plaque index, gingival index, 
bleeding on probing, and periodontal status were not 
recorded in a standardized form suitable for analysis. 
This is an important limitation because caries, plaque 
accumulation, gingival inflammation, and periodon-
tal status may influence salivary protein composition 
and inflammatory biomarker profiles. Seventh, psy-
chological stress and autonomic-related variables were 
not assessed. Validated stress questionnaires, salivary 
catecholamines, salivary α-amylase, and autonomic 
function tests were not included. Therefore, the pres-
ent findings should not be interpreted as evidence of 
stress-related mechanisms, autonomic dysregulation, 
or sympathetic nervous system activity.

Eighth, the biological origin of the ELISA-detect-
ed β1-adrenergic receptor-related signal remains un-
certain. In whole saliva, this signal may reflect solu-
ble receptor fragments, epithelial shedding products, 
salivary gland-derived components, inflammatory 
exudates, or extracellular vesicle-associated proteins 
rather than intact functional membrane-bound recep-
tors. Because extracellular vesicles were not isolated 
or characterized, the present study cannot determine 
the source or functional significance of the measured 
immunoreactivity. Finally, the control group was re-
cruited from systemically healthy children attending a 
dental school for routine dental examinations. There-
fore, the controls represent a clinic-based convenience 
sample rather than a community-based sample. Al-
though both groups were recruited from university-af-
filiated public academic settings, formal matching for 
socioeconomic status, parental education, oral hygiene 
behavior, or dental attendance patterns was not per-
formed. This may limit external validity and should be 
addressed in future studies using community-based or 
formally matched controls. Despite these limitations, 
the study has several strengths. It addresses a scarce-
ly investigated salivary biomarker in a pediatric type 
1 diabetes population and uses a non-invasive sam-
pling method that is suitable for children. The same 
unstimulated whole saliva protocol and ELISA-based 
laboratory approach were applied to all participants. 
The revised interpretation also distinguishes the ELI-

SA-detected salivary signal from functional adrenergic 
receptor activity and avoids unsupported conclusions 
regarding glycemic correlations or sympathetic ner-
vous system activity. Future studies should use pro-
spective designs with larger samples and communi-
ty-based or formally matched controls. They should 
collect detailed glycemic variables, including HbA1c, 
fasting blood sugar, continuous glucose monitoring in-
dices, diabetes duration, insulin regimen, and insulin 
dose. They should also include pubertal staging, timed 
unstimulated salivary flow rate, total salivary protein, 
oral health indices, gingival and plaque assessment, 
and validated measures of psychological stress. Mecha-
nistic studies should combine ELISA-based saliva mea-
surements with extracellular vesicle characterization, 
catecholamine assessment, autonomic function testing, 
and, where feasible, tissue-level or cellular analyses. 
Such studies are needed to determine whether salivary 
β1-adrenergic receptor-related immunoreactivity has 
clinical relevance in pediatric type 1 diabetes mellitus 
or mainly reflects broader changes in salivary protein 
composition, oral inflammatory status, or extracellular 
vesicle-associated biomarker profiles.

Conclusion

In conclusion, children with type 1 diabetes melli-
tus showed significantly higher salivary β1-adrenergic 
receptor-related immunoreactivity than systemically 
healthy controls within the same age range. This find-
ing should be interpreted as a preliminary salivary bio-
marker observation, not as direct evidence of increased 
β1-adrenergic receptor expression, receptor function, 
tissue-level adrenergic signaling, or sympathetic ner-
vous system activity. Because glycemic indices, diabetes 
duration, insulin-related variables, pubertal status, sali-
vary flow rate, oral health indices, stress measures, and 
extracellular vesicle characterization were not included 
in the final analytic dataset, the biological source and 
clinical meaning of this difference remain uncertain. 
Larger prospective studies with detailed metabolic, 
oral, salivary, and mechanistic assessments are required 
to confirm these findings and clarify the potential role 
of salivary β1-adrenergic receptor-related immunore-
activity in pediatric type 1 diabetes mellitus. 
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