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The role of AMY1 gene copy number variation
in dental caries susceptibility: insights from a
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Abstract

Objective Dental caries is a multifactorial disease influenced by environmental, behavioral, and genetic factors.
Recent studies suggest that variations in the AMY1 gene, which encodes salivary amylase, may contribute to caries
susceptibility. This study investigates the relationship between AMY1 gene copy number variation (CNV) and dental
caries in a Turkish population.

Method A total of 154 participants (63% female; mean age 19.6+ 1.4 years) were included. Epithelial cells in inner
cheek tissues were collected from volunteers using swabs, and the collected samples were preserved and stored in
a DNA stabilization solution. The demographic characteristics of the volunteers were recorded, and DMFT and DMFS
index scores were documented on the provided forms. The AMY1 gene CNVs were determined using a Real-time
polymerase reaction device. The TagMan chemistry, which comprises quantitative real-time PCR reactions utilizing

a dual TagMan kit, was utilized in this analysis process. Statistical analyses included the Kruskal-Wallis and Mann-
Whitney U tests for group comparisons, Spearman’s correlation analysis, and binomial logistic regression to evaluate
associations between AMY1 CNVs and dental caries indices.

Results No statistically significant differences were observed between AMY1 CNVs and DMFT or DMFS indices
(p>0.05). However, significant associations were found between daily tooth brushing frequency and caries indices
(Cramer'sV=0.219, p<0.05), as well as between preferred beverage consumption and caries indices (Cramer’s
V=0.219, p<0.05). Other factors, including gender, dental floss and mouthwash use, and tongue brushing, did not
show statistically significant associations (p>0.05).

Conclusion Although AMY1 CNVs were not significantly associated with caries indices, the findings highlight the
complex interplay of genetic, behavioral, and dietary factors in caries development. This study emphasizes the critical
role of oral hygiene and dietary habits in caries prevention and underscores the need for further research on genetic
contributions to oral health.
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Introduction

Dental caries is a prevalent chronic disease caused by
the destruction of tooth structure by acid-forming bac-
teria influenced by environmental and genetic factors [1].
Its multifactorial etiology includes factors such as den-
tal plaque, high carbohydrate consumption, inadequate
oral hygiene, suboptimal saliva properties, insufficient
fluoride intake, and the bacterial composition of the oral
cavity [2]. Saliva, a biological fluid rich in proteins like
mucin, immunoglobulins, lactoferrin, and amylase, plays
a critical role in oral health by promoting remineraliza-
tion, neutralizing acids, and preventing microbial adhe-
sion [3].

The amylase enzyme is a key component of the diges-
tive system, specifically in the breakdown of starch. This
enzyme is present in both human saliva and pancreatic
secretions, with salivary glands responsible for approxi-
mately half of the amylase activity in serum and the exo-
crine pancreatic glands responsible for the remainder [4].
Alongside its digestive function, amylase plays a crucial
role in the adhesion of various bacterial species within
the streptococcus genus to the dental biofilm [5, 6].
Research has suggested that the acid products formed as
a result of the hydrolysis of starch into glucose and malt-
ose may contribute to the development of dental caries
[7]. High levels of amylase activity have been associated
with an increased risk of dental caries [8—10]. Alpha-
amylase-coated bacteria can produce acid during starch
fermentation, which, when combined with the acid pro-
duced by the conversion of starch to glucose, contributes
to the formation of dental caries by causing demineral-
ization in dental tissues.

Amylase enzymes are produced via two distinct genes,
namely salivary amylase alpha 1 (AMY1) and pancre-
atic amylase alpha 2 (AMY2) genes [11]. One of the
most abundant proteins in human saliva (accounting for
approximately 50%) is a-amylase, encoded by AMYI,
located in a gene cluster at 1p21. The AMY1 gene consists
of three repetitive structures, namely AMY1A, AMY1B,
and AMY1C, which, apart from a few small indel varia-
tions [12], are over 99.9% identical in DNA sequence
[13]. The number of repeats in the AMY1 gene structure,
which is effective in determining amylase levels in saliva
and serum, may vary from 1 to 20 repeats based on dif-
ferences among populations and individual groups [14].
Typically, individuals with low numbers of repeats, such
as 1-4 repeats, reside in societies with a hunter-gatherer
character, and these individuals have low amylase pro-
duction [15], low carbohydrate digestion capacity [16],
increased insulin resistance [17], a higher risk of infec-
tion [17], increased gluten sensitivity [15], and a greater
risk of obesity [18]. Conversely, individuals with over 9
repeats in the AMY1 gene reside in agricultural areas,
and these individuals have high amylase production [15],
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a high carbohydrate digestion capacity [16], low insulin
resistance [17], a lower risk of infection [19], a lower glu-
ten sensitivity [15], and a lower risk of obesity [18].

Single Nucleotide Polymorphisms (SNPs) within the
gene structure denote variations in single nucleotides
with a frequency of 1% or more in normal individuals of
the population, while copy number variations (CNVs)
are genetic character traits that manifest as differences
in the copy numbers of a gene. It is hypothesized that
widespread CNVs in humans, similar to single nucleotide
polymorphisms, may influence phenotypic diversity and
disease susceptibility. However, it is believed that CNVs
may have a more significant impact on the phenotype
than single nucleotide polymorphisms [20].

Recent research has begun to uncover the genetic
underpinnings of dental caries, with a pilot study in Lith-
uania identifying a potential correlation between AMY1
gene CNV and caries incidence, particularly on smooth
surfaces [21]. This pioneering study highlights the impor-
tance of genetic contributions to caries risk; however,
the findings remain preliminary and require validation
through studies involving diverse populations. Despite
its initial promise, the Lithuanian study was limited by its
sample size and geographic focus, underscoring the need
for further investigation. In contrast, our study builds on
this research by focusing on a genetically distinct Turk-
ish population, offering insights into how AMY1 CNV
relates to caries in a different ethnic and genetic context.
By focusing on a genetically distinct cohort, this research
seeks to enhance our understanding of AMY1 CNV’s
role in caries susceptibility and contribute to the growing
body of evidence supporting personalized approaches to
oral health management.

Materials and methods

Study protocol

The determination of the sample size for the study
was performed using the G*Power package program
(G*Power Version 3.0.10, Franz Faul, Universitit Kiel,
Germany). The effect size was estimated based on the
occlusal caries DMES values (with a cut-off value of 9) in
the CMV groups of a similar previous study [21]. Using
this information, an effect size of 0.416 was calculated.
To achieve a statistical power of 99% with an alpha level
of 0.05, the minimum required sample size was deter-
mined to be 136 participants. The final sample size of
the study was 154 participants, exceeding the minimum
requirement.

The current investigation underwent evaluation by the
Clinical Research Ethics Committee of the Faculty of
Medicine at Sutcu Imam University, during its meeting
held on 02.10.2019. The study received approval, as it was
deemed suitable with the committee’s decision, num-
bered 2019/254. Following the approval of the Clinical
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Research Ethics Committee, the collection of samples
from volunteers commenced. All participant data were
anonymized and coded before analysis to ensure con-
fidentiality. Identifiable information was removed, and
the data were stored securely in compliance with ethical
standards and institutional guidelines.

A total of 155 volunteers were recruited from the
Restorative Dentistry Department Clinic of Sutcu Imam
University Faculty of Dentistry. The volunteers provided
their consent to participate in the study by signing the
patient consent form, which was created in accordance
with the ethics committee approval. Epithelial cells in
inner cheek tissues were collected from the volunteers
using swabs, and the collected swab samples were placed
in a DNA stabilization preservation and storage solution
(Swab Collection and DNA Preservation System, Norgen
Biotek Corp., Ontario, Canada). The swab samples were
stored at room temperature until they were transferred to
the Department of Medical Biology, Molecular Genetics
Research Laboratory at Recep Tayyip Erdogan University
Faculty of Medicine. The samples were transferred under
appropriate conditions for genotype analysis.

Intra-rater reliability

Prior to the commencement of the examinations, the
researcher (O.H) was initially calibrated in accordance
with the WHO Basic Surveys Calibration Protocol for the
detection of caries, coding of findings, and recording of
results. To evaluate intra-rater reliability for continuous
variables, ten subjects who were not a part of the study
sample were assessed for the DMFT and DMFS index at
two-week intervals. Concordance correlation coefficients
of 0.93 and 0.86 for DMFT and DMFS were obtained,
which are considered acceptable based on the threshold
of 20.75, which aligns with guidelines that indicate sub-
stantial to almost perfect agreement [22].

Clinical and radiological examination
The demographic characteristics and oral hygiene behav-
iors of the study participants were meticulously recorded.
Oral hygiene variables recorded were daily tooth brush-
ing frequency (categorized as more than twice daily,
once daily, or 2-3 times weekly), utilization of dental
floss (none, weekly, daily), mouthwash use (none, weekly,
daily), and tongue brushing habit (yes/no). Additionally,
tooth brushing techniques (horizontal, vertical, or both),
frequency of toothbrush replacement (monthly, every
3 months, every 6 months, or annually), and preferred
beverages (water, tea/coffee, cola/juice, ayran) were doc-
umented. Dietary habits were also considered, classify-
ing frequently consumed foods as carbohydrate-rich or
protein-based.

During the clinical examination, all tooth surfaces
were assessed for the presence of caries using a sterile
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dental Shepherd’s Hook explorer and mirror by the same
researcher (O.H). According to World Health Organiza-
tion (WHO) criteria, lesions requiring clinical restoration
and radiolucent areas clearly visible to be progressing
from the enamel-dentin border to the dentin on radio-
graphs were recorded as “caries lesions” Only white and
brown color changes where the probe wasn’t inserted
were not considered decayed. Digital panoramic radio-
graphs (Orthopantomograph® Op300 Panoramic, Instru-
mentarium Dental, Tuusula, Finland) were used for the
detection of interfacial caries, which were routinely taken
from patients examined at Sutcu Imam University Fac-
ulty of Dentistry Restorative Dentistry Clinic. In cases of
superpositions that prevented caries diagnosis in digital
radiography, two-bite radiographs were taken from the
right and left posterior regions. Wisdom teeth were not
evaluated. The DMFT score, based on the WHO criteria,
was computed for each individual by adding the number
of decayed (D), missing (M), and filled (F) teeth in their
oral cavity. To calculate the DMES score, surfaces were
based instead of tooth numbers. DMFT and DMFS index
scores were recorded on the provided forms.

DNA isolation

The DNA isolation process was conducted on swab sam-
ples stored at the Molecular Genetics Research Labo-
ratory of Recep Tayyip Erdogan University Faculty of
Medicine, Department of Medical Biology. The collected
swab samples were stored in a DNA stabilization preser-
vation solution at room temperature and later transferred
to the laboratory under controlled conditions. The dura-
tion between sample collection and DNA isolation did
not exceed four weeks. A commercial kit optimized for
swab samples was used, and its sensitivity was adjusted
to achieve optimal results. Subsequently, the purity and
concentration of the isolated DNA samples were ana-
lyzed using a fluorometer with a fluorescent dye (Denovix
QFX Fluorometer, Denovix Inc., DE, USA). All samples
were optimized to 10 ng/ul by fluorometer analysis. Out
of the 155 volunteers included in our study, DNA sam-
ples of 154 individuals were optimized, while one volun-
teer’s DNA sample did not provide a sufficient amount of
DNA for analysis. As a result, the data of 154 individuals
were subjected to statistical analysis.

AMY1 gene copy number analysis

The determination of CNVs of the AMY1 gene was con-
ducted through a Real-time polymerase reaction (PCR)
device, (Roche Applied Science LightCycler® 480 II,
Roche Diagnostics GmbH, Mannheim, Germany). The
TagMan chemistry, which comprises quantitative real-
time PCR reactions utilizing a dual TagMan kit, was
utilized in this analysis process. To ascertain the copy
number of the AMY1 gene, the AMY1 TagMan™ Copy
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Number Assay (Assay ID: Hs07226362_cn, Life Technol-
ogies, Carlsbad, CA, USA) kit was employed. The Taq-
Man™ Copy Number Reference Assay, human, RNase P
(Life Technologies, Carlsbad, CA, USA) kit was used as
the reference gene. To analyze the copy number of the
AMY1 gene, each sample was subjected to Real-time
PCR testing three times with a 20 pl reagent mixture. The
gene copy number was assessed based on the triplicate
reaction data. CopyCaller™ Software v2.0 (Life Technolo-
gies, Carlsbad, CA, USA) was employed to analyze the
data. The diploid copy number of the AMY1 gene was
determined using a standard curve generated from a pre-
viously determined calibrator DNA sample (NA18972;
Coriell Cell Repositories, Camden, NJ).

Statistical analysis

The statistical analysis was conducted using the Jamovi
software (Version 2.3.21). The data were presented as
median (min-max) values, and normality of distribu-
tion was assessed using the Shapiro-Wilk test. Since the
Shapiro-Wilk test indicated a non-normal distribution
of the data (p<0.05), non-parametric tests were applied.
Specifically, Kruskal-Wallis and Mann-Whitney U tests
were used for group comparisons. Additionally, categori-
cal data were compared using the Chi-square and Cra-
mer’s V tests. The factors predicting DMFT and DMEFS
scores were evaluated using binomial logistic regres-
sion analysis. Prior to conducting logistic regression,
multicollinearity among predictors was assessed using
the variance inflation factor (VIF), ensuring that no sig-
nificant multicollinearity issues were present. For the
logistic regression analysis, DMFT and DMES scores
were categorized using their median values (DMFT <5
and DMFS<8). This classification method was chosen
to ensure balanced group sizes, allowing for a sufficient
sample size in both comparison groups and increasing
the statistical power of the regression model. By dichoto-
mizing the data at the median, we aimed to achieve more
reliable and interpretable statistical results while main-
taining the robustness of the analysis. Statistical signifi-
cance was considered at a value of p <0.05.

Results

The study included a total of 154 participants, compris-
ing 63% females (n=97) and 37% males (n=57). The
mean age of the participants was 19.6+ 1.4 years, with
an age range spanning from 18 to 29 years. Our analysis
did not reveal any significant differences in oral health or
nutrition-related responses concerning AMY1 CNV, as
detailed in Table 1. Similarly, no significant associations
were observed between AMY1 CNV and any of the eval-
uated caries indices (p>0.05). However, while all com-
parisons were statistically non-significant, the DMFT
mandibular score (p=0.085) approached significance,
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suggesting a potential trend that may warrant further
investigation in larger sample sizes (Table 2; Fig. 1). Fur-
thermore, correlation analysis showed no significant rela-
tionship between AMY1 CNV and either the DMFT or
DMES scores (r=0.06, p>0.05) (Fig. 2).

Table 3 explores the relationship between demo-
graphic, oral hygiene, and nutritional factors with dental
caries indices (DMFT and DMEFS). Among the variables
examined, daily tooth brushing frequency showed the
strongest association with DMFT (Cramer’s V=0.219,
p=0.026) and DMFS (p=0.008), with participants brush-
ing more than twice daily demonstrating lower car-
ies indices. Similarly, preferred beverage consumption
displayed a notable relationship with DMFS (Cramer’s
V=0.219, p=0.007), where higher consumption of cola/
juice correlated with elevated caries scores. Other factors,
including gender (Cramer’s V=0.086, p>0.05), dental
floss utilization (Cramer’s V=0.031, p >0.05), mouthwash
utilization (Cramer’s V=0.072, p>0.05), tooth brushing
techniques (Cramer’s V=0.042, p>0.05), tongue brush-
ing (Cramer’s V=0.070, p>0.05), frequency of tooth-
brush replacement (Cramer’s V=0.084, p>0.05), and
frequently consumed foods (Cramer’s V=0.052, p >0.05),
exhibited weak or insignificant associations with DMFT
or DMFS. Additionally, the relationship between AMY1
CNV and DMFT was weak (Cramer’s V=0.073, p>0.05),
indicating limited explanatory power of genetic variation
in this context. These relationships are further visual-
ized in the network graph in Fig. 3, which illustrates the
strength of associations between variables using Cramer’s
V values, highlighting the dominant role of daily tooth
brushing frequency and preferred beverage consumption
in relation to caries indices.

The results of the binomial logistic regression analysis
indicate that individuals with 4—6 (OR,gj,sieq=2-083, 95%
CI 0.352-12.32), 7-9 (OR,gjy5rea=2-132, 95% CI 0.385-
11.825), and 10-16 (OR,gjuseq=1.897, 95% CI 0.336—
10.708) CNVs exhibit approximately 2 times higher
odds ratio for DMFT index compared to those with
2-3 CNVs, yet this fails to reach statistical significance
(p>0.05) (Table 4). Based on the DMFS index, individu-
als with 4-6 (ORg5eq=2-519, 95% CI 0.335-18.959),
79 (ORgjustea=5-223, 95% CI 0.737-36.984), and 10-16
(OR gjustea=3-122, 95% CI 0.425-22.926) CNVs exhibit
approximately 2, 5, and 3 times higher odds ratio for
DMFS when compared to those with 2—-3 CNVs, respec-
tively. However, these relationships also failed to reach
statistical significance (p>0.05). Frequent tooth brush-
ing (more than twice daily) significantly reduces the odds
of elevated caries prevelances compared to less frequent
brushing (p=0.026 for DMFT, p=0.008 for DMES).
(Table 4).

A post-hoc power analysis was conducted using the
comparison values of DMFT total scores with AMY1
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Table 1 Comparison of demographic, oral hygiene, and nutritional habits across AMY1 CNV groups
AMY1 Copy Number Variation
2-3(N=7) 5-6 (N=33) 7-9 (N=63) 10-16 (N=51) Total (N=154) p value
Gender 0.594'
Female 3.0 (42.9%) 22.0 (66.7%) 38.0 (60.3%) 34.0 (66.7%) 97.0 (63.0%)
Male 4.0 (57.1%) 11.0 (33.3%) 25.0(39.7%) 17.0 (33.3%) 57.0 (37.0%)
Age 0.6447
Mean (SD) 20.1(0.9) 19.8 (1.5) 19.5(1.6) 19.6 (1.2) 19.6 (1.4)
Range 19.0-21.0 18.0-25.0 18.0-29.0 18.0-24.0 18.0-29.0
Daily tooth brushing frequency 0439'
Daily>2 5.0 (71.4%) 16.0 (48.5%) 35.0 (56.5%) 32.0(62.7%) 88.0 (57.5%)
Daily 1 1.0 (14.3%) 13.0 (39.4%) 23.0 (37.1%) 18.0 (35.3%) 55.0 (35.9%)
Weekly 2-3 1.0 (14.3%) 4.0 (12.1%) 4.0 (6.5%) 1.0 (2.0%) 10.0 (6.5%)
Dental floss utilization 0.971"
Daily>2 0.0 (0.0%) 0.0 (0.0%) 2.0 (3.2%) 1.0 (2.0%) 3.0(1.9%)
Daily 1 1.0 (14.3%) 4.0(12.1%) 7.0(11.1%) 4.0 (7.8%) 16.0 (10.4%)
Weekly 2-3 1.0 (14.3%) 9.0 (27.3%) 19.0 (30.2%) 14.0 (27.5%) 43.0 (27.9%)
None 5.0 (71.4%) 20.0 (60.6%) 35.0 (55.6%) 32.0(62.7%) 92.0 (59.7%)
Mouthwash utilization 0.369"
Daily>2 0.0 (0.0%) 0.0 (0.0%) 4.0 (6.3%) 4.0 (7.8%) 8.0 (5.2%)
Daily 1 0.0 (0.0%) 5.0(15.2%) 6.0 (9.5%) 2.0 (3.9%) 13.0 (8.4%)
Weekly 2-3 2.0 (28.6%) 7.0 (21.2%) 8.0 (12.7%) 13.0 (25.5%) 30.0 (19.5%)
None 5.0 (71.4%) 21.0 (63.6%) 45.0 (71.4%) 32.0(62.7%) 103.0 (66.9%)
Tooth brushing techniques 0.862"
Horizontal 1.0 (14.3%) 2.0 (6.1%) 4.0 (6.3%) 3.0 (5.9%) 10.0 (6.5%)
Vertical 2.0 (28.6%) 12.0 (36.4%) 16.0 (25.4%) 18.0 (35.3%) 48.0 (31.2%)
Both of them 4.0 (57.1%) 19.0 (57.6%) 43.0 (68.3%) 30.0 (58.8%) 96.0 (62.3%)
Tongue brushing 0.584!
Yes 5.0 (71.4%) 25.0(75.8%) 39.0 (61.9%) 34.0 (66.7%) 103.0 (66.9%)
No 2.0 (28.6%) 8.0 (24.2%) 24.0 (38.1%) 17.0 (33.3%) 51.0(33.1%)
Frequency of toothbrush replacement 0610
Monthly 0.0 (0.0%) 1.0 (3.0%) 1.0 (1.6%) 3.0 (5.9%) 5.0(3.2%)
1in 3 months 2.0 (28.6%) 12.0 (36.4%) 31.0 (49.2%) 16.0 (31.4%) 61.0 (39.6%)
1in 6 months 4.0 (57.1%) 18.0 (54.5%) 27.0 (42.9%) 30.0 (58.8%) 79.0 (51.3%)
1in 12 months 1.0 (14.3%) 2.0 (6.1%) 4.0 (6.3%) 2.0(3.9%) 9.0 (5.8%)
Preferred beverages 0.465'
Ayran (A traditional Turkish yogurt drink) 4.0 (57.1%) 15.0 (45.5%) 28.0 (44.4%) 16.0 (31.4%) 63.0 (40.9%)
Water 0.0 (0.0%) 2.0 (6.1%) 2.0 (3.2%) 1.0 (2.0%) 5.0(3.2%)
Cola/Juice 2.0 (28.6%) 14.0 (42.4%) 25.0 (39.7%) 31.0 (60.8%) 72.0 (46.8%)
Tea/Coffee 1.0 (14.3%) 2.0 (6.1%) 8.0 (12.7%) 3.0 (5.9%) 14.0 (9.1%)
Frequently consumed foods 0661
Carbohydrate 5.0 (71.4%) 15.0 (45.5%) 32.0(50.8%) 25.0 (49.0%) 77.0 (50.0%)
Protein 2.0 (28.6%) 18.0 (54.5%) 31.0 (49.2%) 26.0 (51.0%) 77.0 (50.0%)

N (%), Chi-squared test, 2 Kruskal-Wallis Test, Bold characters indice significance

CNV, yielding an effect size of 0.145 and a power of
28.9%. These findings suggest that while the study met
the minimum sample size criteria, the achieved power
for certain analyses may have been limited, potentially
impacting the ability to detect smaller effects.

Discussion

Numerous studies have established a strong correlation
between genetic variations and the prevalence of dental
caries. These variations can impact the composition of

saliva [23, 24], the sensitivity of taste receptors [25, 26],
the mineralization of teeth [27, 28], and the immune sys-
tem [29-32], all of which play a significant role in the
development and progression of dental caries. Therefore,
it is essential to acknowledge the role of genetic factors in
the etiology of dental caries and leverage this knowledge
to develop effective prevention and treatment strategies.
These insights can pave the way for a more personal-
ized approach to dentistry, where genetic testing provide
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Table 2 Relationship of DMFT and DMFS caries indices with
AMY1 copy number variations

2-3 5-6 7-9 10-16  p-

(N=7) (N=33) (N=63) (N=51) value
DMFT mandibular ~ 1(0-3)  2(0-8)  2(0-6)  3(0-7)  0.085'
DMFT maxilla 10-6)  2(0-7)  2(0-11)  2(0-11) 0684’
DMFT anterior 00-2) 0(0-4)  00-6)  00-5 0771
DMFT posterior 200-6)  4(0-12)  5(0-11)  4(0-13)  0.299
DMFT total 2(0-8)  5(0-13)  5(0-15)  5(0-18)  0.350'
DMFS mandibular — 1(0-11)  4(0-21)  4(0-26)  4(0-15)  0.241'
DMFS maxilla 10-9)  2(0-15)  3(0-22) 4(0-16) 0693
DMFS anterior 00-2) 0(0-8  0(0-6)  0(0-7) 0782
DMFS posterior 5(0-16) 6(0-26)  7(0-36)  7(0-24) 0482
DMFS total 5(0-18) 6(0-28)  9(0-38)  7(0-30) 0419

Median (Min-Max), ! Kruskal-Wallis

valuable information to optimize treatment plans and
improve patient outcomes.

DMFT

Brmedian = 5.00 Tmodian = 5. 00] Timodian = 5.00]

Timdan = 2.00
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Salivary alpha-amylase enzyme is a highly versatile
molecule that serves several biological functions. It par-
ticipates in carbohydrate digestion through its enzymatic
activity, binds to oral streptococci for bacterial clearance
and nourishment, and plays a crucial role in the adhesion
of alpha-amylase-binding bacteria [33]. The binding of
alpha-amylase to bacteria and teeth can have significant
implications for dental plaque formation, leading to tooth
demineralization and caries.

Several studies have examined the link between salivary
alpha amylase and dental caries. However, the findings
have been inconsistent, despite the theoretical notion
that amylase activity can increase the risk of dental car-
ies. Some studies have reported an inverse correlation
between salivary alpha-amylase level and dental caries
[34-36], while others have found a positive relationship
[10, 37], and some have failed to detect any association

30 1

20

DMFS

Timodon=9.00

10-16
(n=51)

23 56 70
(n=7) (n=33) (n=63)
AMY1

10-16
(n=51)

23 56 79
(n=7) (n=33) (n=63)
AMY1

Fig. 1 Box-Violin Plots presenting the comparison between AMY1 copy number variation and dental caries experience. Statistical comparisons were

performed using the Kruskal-Wallis test
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Fig. 2 Scatter plot presenting the correlation between AMY1 copy number variation and dental caries experience. The correlation was assessed using

Spearman’s correlation analysis
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Table 3 Relationship of demographic, oral hygiene and nutritional factors with dental caries indices

DMFT DMFS
<5(N=86) >5(N=68) p value <8(N=82) >8(N=72) p value
Gender 0.287' 0432
Female 51.0 (59.3%) 46.0 (67.6%) 54.0 (65.9%) 43.0 (59.7%)
Male 35.0 (40.7%) 22.0 (32.4%) 28.0 (34.1%) 29.0 (40.3%)
Age 04637 0.5707
Mean (SD) 19.5(1.3) 19.7 (1.6) 19.5(1.2) 19.7.(1.7)
Range 18.0-25.0 18.0-29.0 18.0-25.0 18.0-29.0
Daily tooth brushing frequency 0.026' 0.008'
Daily>2 55.0 (64.7%) 33.0 (48.5%) 53.0 (65.4%) 35.0 (48.6%)
Daily 1 28.0 (32.9%) 27.0(39.7%) 25.0 (30.9%) 30.0 (41.7%)
Weekly 2-3 2.0 (2.4%) 8.0 (11.8%) 3.0(3.7%) 7.0(9.7%)
Dental floss utilization 0.985' 0.883'
Daily>2 2.0 (2.3%) 1.0 (1.5%) 1.0 (1.2%) 2.0 (2.8%)
Daily 1 9.0 (10.5%) 7.0(10.3%) 8.0 (9.8%) 8.0 (11.1%)
Weekly 2-3 24.0 (27.9%) 19.0 (27.9%) 24.0 (29.3%) 19.0 (26.4%)
None 51.0 (59.3%) 41.0 (60.3%) 49.0 (59.8%) 43.0 (59.7%)
Mouthwash utilization 0.849 0.267"
Daily>2 5.0 (5.8%) 3.0 (4.4%) 3.0 (3.7%) 5.0 (6.9%)
Daily 1 6.0 (7.0%) 7.0(10.3%) 7.0 (8.5%) 6.0 (8.3%)
Weekly 2-3 16.0 (18.6%) 14.0 (20.6%) 12.0 (14.6%) 18.0 (25.0%)
None 59.0 (68.6%) 44.0 (64.7%) 60.0 (73.2%) 43.0 (59.7%)
Tooth brushing techniques 0872 0.487'
Horizontal 5.0 (5.8%) 5.0 (7.4%) 5.0 (6.1%) 5.0 (6.9%)
Vertical 26.0 (30.2%) 22.0(32.4%) 29.0 (35.4%) 19.0 (26.4%)
Both of them 55.0 (64.0%) 41.0 (60.3%) 48.0 (58.5%) 48.0 (66.7%)
Tongue brushing 0.385' 0.527
Yes 55.0 (64.0%) 48.0 (70.6%) 53.0 (64.6%) 50.0 (69.4%)
No 31.0 (36.0%) 20.0 (29.4%) 29.0 (35.4%) 22.0(30.6%)
Frequency of toothbrush replacement 0.780' 0.901"
Monthly 3.0(3.5%) 2.0 (2.9%) 3.0(3.7%) 2.0 (2.8%)
1in 3 months 31.0 (36.0%) 30.0 (44.1%) 34.0 (41.5%) 27.0 (37.5%)
1in 6 months 47.0 (54.7%) 32.0 (47.1%) 41.0 (50.0%) 38.0 (52.8%)
1in 12 months 5.0 (5.8%) 4.0 (5.9%) 4.0 (4.9%) 5.0 (6.9%)
Preferred beverages 0.061" 0.007'
Ayran (A traditional Turkish yogurt drink) 41.0 (47.7%) 22.0 (32.4%) 38.0 (46.3%) 25.0 (34.7%)
Water 3.0 (3.5%) 2.0 (2.9%) 3.0(3.7%) 2.0 (2.8%)
Cola/Juice 32.0(37.2%) 40.0 (58.8%) 29.0 (35.4%) 43.0 (59.7%)
Tea/Coffee 10.0 (11.6%) 4.0 (5.9%) 12.0 (14.6%) 2.0(2.8%)
Frequently consumed foods 0516 0.333'
Carbohydrate 41.0 (47.7%) 36.0 (52.9%) 38.0 (46.3%) 39.0 (54.2%)
Protein 45.0 (52.3%) 32.0(47.1%) 44.0 (53.7%) 33.0 (45.8%)

N (%), ! Chi-squared test, 2 Mann-Whitney U test

[38—41]. In a meta-analysis study, where the results were
pooled to provide an overall estimate, it was concluded
that there is no significant association between salivary
alpha-amylase level and dental caries [42]. The findings
suggest that salivary alpha-amylase level alone may not
be a reliable predictor of dental caries risk.

Salivary alpha-amylase is a protein enzyme that is
highly abundant in human saliva, accounting for approxi-
mately 40-50% of the total protein content [43]. The
AMY1 CNV has been found to range from two to twenty

[44]. 1t is worth noting that the AMY1 CNV has been
shown to be positively correlated with the amount of
starchy foods in the diet of individuals. Recent studies
have shown a strong link between lower levels of AMY1
CNV and high body mass index [45, 46], diabetes [47,
48], and metabolic syndrome [48]. Recent meta-analyses
have demonstrated that individuals with diabetes [49]
and obesity [50] are at a significantly greater risk of devel-
oping dental caries, possibly due to decreased salivary
flow rate [51, 52]. In this context, it is possible that low
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Network Graph of Factorial Correlations Using Cramer's V
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Fig. 3 Network graph of factorial correlations using Cramer’s V

AMY1 CNV and consequently low salivary amylase level
may be linked to high caries risk. However, our study
did not find any significant relationship between AMY1
CNYV and dental caries.

The relationship between AMY1 CNV and dental car-
ies has been studied in only one research paper to date.
The study by Stangvaltaite-Mouhat, et al. [21] found that
smooth-surface caries experience was significantly higher
in individuals with other copy number ranges compared
to those with 2-3 CNVs. Specifically, their research
showed that people with 4-5 CNVs had approximately
13 odds ratio higher smooth-surface caries than those
with 2-3 CNVs. In contrast, our study utilized DMFT
and DMFS indices to explore this relationship. Although
we observed that individuals with other copy numbers
had approximately 2 odds ratio more dental caries than
those with 2-3 copy numbers, we did not find a signifi-
cant relationship.

One possible explanation for this discrepancy is the
difference in caries assessment methods. Stangvalta-
ite-Mouhat, et al. [21] specifically focused on smooth-
surface caries, which primarily occur in areas with less
mechanical plaque removal and are more influenced by
biological factors such as salivary composition and host
genetics. In contrast, DMFT and DMES indices include
all types of carious lesions, including occlusal and

proximal surfaces, which are also significantly affected by
external factors such as oral hygiene practices and fluo-
ride exposure. Therefore, while AMY1 CNV may have a
more direct impact on smooth-surface caries due to its
role in starch digestion and salivary amylase activity, its
association with overall caries experience (as measured
by DMFT/DMES) may be diluted by other behavioral and
environmental influences.

Additionally, differences in population characteristics
may contribute to the contrasting findings. Our study
focused on individuals aged between 18 and 30 years
to minimize confounding factors related to periodon-
tal and prosthetic interventions at older ages. However,
other environmental factors such as diet, fluoride expo-
sure, and socioeconomic status could also play a role.
Lithuania, where the previous study was conducted, has
different dietary habits compared to our study popula-
tion, particularly in terms of carbohydrate consumption
and fluoride exposure from drinking water and oral care
products. If the Lithuanian population had higher expo-
sure to fluoride, for example, this could have influenced
caries susceptibility and potentially modified the impact
of AMY1 CNV on smooth-surface caries. Furthermore,
socioeconomic disparities may affect oral hygiene prac-
tices, access to dental care, and overall caries risk, further
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Table 4 Evaluation of factors predicting DMFT and DMFS index with binomial logistic regression analysis
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Characteristics

DMFT

DMFS

OR

Adjusted OR

OR

Adjusted OR

AMY1 Copy Number Variation
2-3
4-6
7-9
10-16
Gender
Female
Male
Age
Daily tooth brushing frequency
Daily>2
Daily 1
Less than daily 1
Dental floss utilization
Daily>2
Daily 1
Weekly 2-3
None
Mouthwash utilization
Daily>2
Daily 1
Weekly 2-3
None
Tooth brushing techniques
Horizontal
Vertical
Both of them
Tongue brushing
Yes
No
Frequency of toothbrush replacement
Monthly
1in 3 months
1in 6 months
11in 12 months
Preferred beverages
Ayran (A traditional Turkish yogurt drink)
Water
Cola/Juice
Tea/Coffee
Frequently consumed foods
Carbohydrate
Protein

1
2.083(0.352-12.32)
2.132(0.385-11.825)
1.897 (0.336-10.708)

1
0.697 (0.358-1.356)
1.088 (0.868-1.363)

1
1.607 (0.812-3.180)
6.667 (1.335-33.301)

1

1.556 (0.116-20.854)
1.583(0.133-18.808)
1.608 (0.141-18.362)

1

1.944 (0.322-11.756)
1458 (0.294-7.231)
1.243 (0.282-5.48)

1
0.846 (0.216-3.308)
0.745 (0.202-2.746)

1
1.353 (0.684-2.677)

1

1452 (0.226-9.309)
1.021 (0.161-6.461)
1.2(0.13-11.052)

1

1.242 (0.193-8.002)
2.33(1.161-4.672)
0.745 (0.209-2.654)

1
1.235 (0.653-2.335)

1
2.32(0.347-15.519)
2639 (0.422-16.504)
1.992 (0.304-13.068)

1
0.929 (0.423-2.041)
1.042 (0.803-1.353)

1
1.833(0.813-4.112)
7258 (1.104-47.733)

1
1.194 (0.04-35.8)
1.377 (0.041-46.078)
1.533 (0.048-48.615)
1
2.319(0.178-30.257)
1.631(0.153-17.436)
1.698 (0.174-16.524)

1
0.67 (0.136-3.306)
0.674 (0.147-3.096)

1
0.786 (0.355-1.74)

1

0.924 (0.109-7.852)
0.764 (0.088-6.604)
1.36 (0.093-19.874)

1

1.236 (0.142-10.728)
2.345 (1.087-5.058)
0.67(0.178-2.53)

1
0.773 (0.376-1.588)

1

1.625 (0.273-9.658)
2.75 (0.496-15.246)
2222 (0.394-12.529)

1
1.301 (0.675-2.506)
1.067 (0.853-1.335)

1
1.817(0.920-3.591)
3.533(0.856-14.593)

1

0.5 (0.037-6.683)
0.396 (0.033-4.702)
0439 (0.038-5.01)

1

0.514 (0.085-3.109)
0.9 (0.18-4.489)
0.43 (0.097-1.896)

1
0.655 (0.167-2.573)
1(0.272-3.679)

1
0.804 (0.409-1.58)

1
1.191 (0.186-7.644)
1.39(0.22-8.777)
1.875 (0.204-17.268)
1

1.013 (0.158-6.503)
2254 (1.13-4.495)
0.253 (0.052-1.23)

1
0.731(0.387-1.379)

1

2.519(0.335-18.959)
5.223(0.737-36.984)
3.122(0425-22.926)

1
1.705 (0.752-3.864)
1.085 (0.821-1.434)

1
1.978 (0.855-4.573)
4.753(0.804-28.093)

1

0459 (0.016-13.577)
0.279 (0.008-9.508)
0.349 (0.011-11.23)

1

1.31(0.101-16.956)
2.644(0.241-29.007)
1.4(0.142-13.754)

1
0.608 (0.121-3.069)
1.018 (0.219-4.741)

1
0.757 (0.335-1.714)

1

1.479(0.152-14.384)
2.107(0.215-20.657)
4.366 (0.257-74.108)

1
1.128(0.125-10.148)
244 (1.112-5.353)
0.232(0.043-1.247)

1
0.646 (0.306-1.365)

Estimates represent the log odds of “DMFT>5" vs. " DMFT <5” and “DMFS >8" vs. “DMFS < 8"

contributing to the differences between our findings and
those of the Lithuanian study.

Another important consideration is the potential
impact of sample size and measurement variability on
our findings. In both studies, individuals with 2-3 CNVs
constituted only 5% of the total sample. The small num-
ber of participants in this group may have increased

the margin of error in these comparisons. Additionally,
while the scatter plot suggested a slight trend of increas-
ing dental caries with higher AMY1 CNV, the correla-
tion coefficient was very low (r=0.06). This suggests that
even if there was an effect, it was too weak to be statisti-
cally significant within the sample size and study design
constraints. Future studies with larger and more diverse
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populations, as well as refined methodologies for mea-
suring AMY1 CNV and salivary amylase activity, may be
necessary to further explore this relationship.

The significant relationship observed between daily
tooth brushing frequency and caries indices under-
scores the critical role of oral hygiene in caries preven-
tion. Our findings indicate that individuals who brushed
their teeth more than twice daily exhibited significantly
lower DMFT and DMES scores compared to those who
brushed less frequently. This aligns with previous stud-
ies emphasizing that regular and effective tooth brush-
ing reduces plaque accumulation, limits bacterial activity,
and enhances fluoride exposure, thereby mitigating car-
ies risk [53, 54]. From a public health perspective, these
results reinforce the necessity of promoting frequent and
proper brushing habits.

The present study was subject to certain limitations.
Foremost, dental caries is a multifactorial disease influ-
enced by numerous factors, and it was impracticable to
entirely eliminate the effect of all such factors. Further-
more, despite attempts to standardize the assessment of
dental caries experience using dental caries indices, these
indices do not provide information regarding the severity
and activity of dental caries. Additionally, the cross-sec-
tional evaluation of dental caries during a specific time
period is not an accurate assessment of a patient’s risk of
dental caries, as the most accurate evaluation requires a
longitudinal assessment. Another limitation of this study
was the relatively low statistical power (28.9%) achieved
in the post-hoc power analysis for certain analyses.
This lower power may have limited our ability to detect
smaller but potentially meaningful effects, emphasizing
the need for cautious interpretation of non-significant
findings and larger, adequately powered studies in the
future. The present study was subject to certain limita-
tions. Foremost, dental caries is a multifactorial disease
influenced by numerous factors, and it was impracticable
to entirely eliminate the effect of all such factors. Further-
more, despite attempts to standardize the assessment of
dental caries experience using dental caries indices, these
indices do not provide information regarding the severity
and activity of dental caries. Additionally, the cross-sec-
tional evaluation of dental caries during a specific time
period is not an accurate assessment of a patient’s risk of
dental caries, as the most accurate evaluation requires a
longitudinal assessment. Another limitation of this study
was the relatively low statistical power (28.9%) achieved
in the post-hoc power analysis for certain analyses.
This lower power may have limited our ability to detect
smaller but potentially meaningful effects, emphasizing
the need for cautious interpretation of non-significant
findings and larger, adequately powered studies in the
future.
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Furthermore, certain potential confounders, such as
socioeconomic status and fluoride exposure, were not
explicitly controlled for in this study. Socioeconomic
disparities can influence oral health behaviors, access to
dental care, and dietary habits, all of which are critical
determinants of dental caries risk. Similarly, variations in
fluoride exposure—whether from drinking water, tooth-
paste, or professional applications—may significantly
modulate caries susceptibility and potentially obscure
genetic associations. The lack of data on these variables
represents a limitation in our ability to fully isolate the
effect of AMY1 CNV on dental caries. Future research
should aim to address the limitations of this study by
employing a longitudinal study design, which would
allow for a more accurate assessment of the dynamic
nature of dental caries development and its relationship
with AMY1 CNV over time. Prospective cohort studies
following individuals across different life stages could
help determine whether AMY1 CNYV influences not only
current caries status but also future caries progression.

Conclusion

This study sheds light on the potential role of AMY1
gene CNV in dental caries susceptibility within a Turkish
population. While the findings did not reveal statistically
significant associations between AMY1 CNVs and dental
caries indices (DMFT and DMES), the data suggest that
genetic variation in salivary amylase production could be
further explored in future studies with larger sample sizes
and diverse populations. Among the analyzed factors,
oral hygiene practices—particularly daily tooth brushing
frequency—and dietary behaviors, such as preferred bev-
erage consumption, were strongly associated with caries
risk, emphasizing their importance in caries prevention
and management.

The absence of significant correlations between AMY1
CNVs and caries indices underscores the multifactorial
nature of dental caries, where genetic predispositions
may interplay with environmental and behavioral factors.
This study highlights the need for larger, more diverse
population studies to validate these findings and unravel
the complex genetic and environmental interactions
underlying caries development. Regardless of genetic
predisposition, promoting consistent oral hygiene habits,
such as twice-daily tooth brushing with fluoride tooth-
paste, and reducing the consumption of sugary beverages
remain essential and immediate strategies for mitigating
caries risk. Public health initiatives should focus on rais-
ing awareness about these preventive measures, as they
offer a universally applicable approach to improving oral
health outcomes. By bridging genetics with personalized
oral health strategies, future research could pave the way
for targeted interventions that integrate genetic suscepti-
bility, oral hygiene behaviors, and dietary patterns.



Hatipoglu and Saydam BMC Oral Health (2025) 25:722

Author contributions

O.H, FS contributed in study design. O.H performed data collection, data
analysis, writing the main manuscript. F.S performed genetical analysis and
reviewed the manuscript. All authors read and approved the final manuscript.

Funding

The authors would like to extend their appreciation to Recep Tayyip Erdogan
University Scientific Research Projects Coordination Unit for funding the work
(Project NO: TSA-2021-1249).

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available considering that we have not required consents to publish
this data, but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

All participants provided an online informed consent to participate in the
study and were assured that their information would be kept confdential. All
study procedures were conducted in accordance with the ethical standards of
the Declaration of Helsinki. Ethical approval was obtained by Clinical Research
Ethics Committee of the Faculty of Medicine at Sutcu Imam University, during
its meeting held on 02.10.2019. The study received approval, as it was deemed
suitable with the committee’s decision, numbered 2019/254.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 28 November 2024 / Accepted: 29 April 2025
Published online: 14 May 2025

References

1. Watt RG. Strategies and approaches in oral disease prevention and health
promotion. Bull WHO. 2005;83(9):711-8.

2. Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet. 2007;369(9555):51-9.

3. Scannapieco FA. Saliva-bacterium interactions in oral microbial ecology. Crit
Rev Oral Biol Med. 1994;5(3):203-48.

4. Mifflin TE, Hortin G, Bruns DE. Electrophoretic assays of amylase isoenzymes
and isoforms. Clin Lab Med. 1986;6(3):583-99.

5. Nikitkova AE, Haase EM, Scannapieco FA. Taking the starch out of oral biofilm
formation: molecular basis and functional significance of salivary a-amylase
binding to oral Streptococci. Appl Environ Microbiol. 2013;79(2):416-23.

6.  Okahashi N, Nakata M, Terao Y, Isoda R, Sakurai A, Sumitomo T, et al. Pili of oral
Streptococcus sanguinis bind to salivary amylase and promote the biofilm
formation. Microb Pathog. 2011;50(3-4):148-54.

7. Hancock S, Zinn C, Schofield G. The consumption of processed sugar-and
starch-containing foods, and dental caries: a systematic review. Eur J Oral Sci.
2020;128(6):467-75.

8. Ahmadi-Motamayel F, Goodarzi MT, Jamshidi Z, Mahdavinezhad A, Rafieian
N. Evaluation of salivary and serum alpha amylase level in dental caries of
adolescence. Braz Dent Sci. 2016;19(2):40-6.

9. Scannapieco FA, Torres G, Levine MJ. Salivary alpha-amylase: role in dental
plaque and caries formation. Crit Rev Oral Biol Med. 1993;4(3-4):301-7.

10. Singh S, Sharma A, Sood PB, Sood A, Zaidi |, Sinha A. Saliva as a predic-
tion tool for dental caries: an in vivo study. J Oral Biol Craniofac Res.
2015;5(2):59-64.

11, Carpenter D, Mitchell LM, Armour JA. Copy number variation of human AMY1
is a minor contributor to variation in salivary amylase expression and activity.
Hum Genomics. 2017;11(1):2.

12. Groot PC, Bleeker MJ, Pronk JC, Arwert F, Mager WH, Planta RJ, et al. The
human a-amylase multigene family consists of haplotypes with variable
numbers of genes. Genomics. 1989;5(1):29-42.

13. Carpenter D, Dhar S, Mitchell LM, Fu B, Tyson J, Shwan NA, et al. Obesity,
starch digestion and amylase: association between copy number variants

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 11 of 12

at human salivary (AMY1) and pancreatic (AMY2) amylase genes. Hum Mol
Genet. 2015;24(12):3472-80.

Novembre J, Pritchard JK, Coop G. Adaptive drool in the gene pool. Nat
Genet. 2007;39(10):1188.

Lenander-Lumikari M, Ihalin R, Lahteenoja H. Changes in whole saliva in
patients with coeliac disease. Arch Oral Biol. 2000;45(5):347-54.

Choi YJ,Nam YS, Yun JM, Park JH, Cho BL, Son HY, et al. Association between
salivary amylase (AMY1) gene copy numbers and insulin resistance in asymp-
tomatic Korean men. Diabet Med. 2015;32(12):1588-95.

Bencharit S, Baxter SS, Carlson J, Byrd WC, Mayo MV, Border MB, et al. Salivary
proteins associated with hyperglycemia in diabetes: a proteomic analysis.
Mol Biosyst. 2013;9(11):2785-97.

Falchi M, Moustafa JSE-S, Takousis P, Pesce F, Bonnefond A, Andersson-Assars-
son JC, et al. Low copy number of the salivary amylase gene predisposes to
obesity. Nat Genet. 2014;46(5):492.

Spear GT, French AL, Gilbert D, Zariffard MR, Mirmonsef P, Sullivan TH, et al.
Human a-amylase present in lower-genital-tract mucosal fluid processes
glycogen to support vaginal colonization by Lactobacillus. J Infect Dis.
2014;210(7):1019-28.

Zarrei M, MacDonald JR, Merico D, Scherer SW. A copy number variation map
of the human genome. Nat Rev Genet. 2015;16(3):172.
Stangvaltaite-Mouhat L, Pariené A, Aleksejaniené J, Stankeviciene |, Tom-
meras B, Al-Haroni M. Amylase alpha 1 gene (AMY1) copy number variation
and dental caries experience: a pilot study among adults in Lithuania. Caries
Res. 2021;55(3):174-82.

Landis J. The measurement of observer agreement for categorical data.
Biometrics. 1977.

Li ZQ, Hu XP, Zhou JY, Xie XD, Zhang JM. Genetic polymorphisms in the
carbonic anhydrase VI gene and dental caries susceptibility. Genet Mol Res.
2015;14(2):5986-93.

Hatipoglu O, Saydam F. Effects of the carbonic anhydrase VI gene
polymorphisms on dental caries: A meta-analysis. Dent Med Probl.
2019;56(4):395-400.

Kulkarni GV, Chng T, Eny KM, Nielsen D, Wessman C, EI-Sohemy A. Associa-
tion of GLUT2 and TASTR2 genotypes with risk for dental caries. Caries Res.
2013;47(3):219-25.

Izakovicova Holla L, Borilova Linhartova P, Lucanova S, Kastovsky J, Musilova
K, Bartosova M, et al. GLUT2 and TAS1R2 polymorphisms and susceptibility to
dental caries. Caries Res. 2015;49(4):417-24.

Sharifi R, Shayan A, Jamshidy L, Mozaffari HR, Hatipoglu O, Tadakamadla

SK; et al. A systematic review and meta-analysis of CA VI, AMBN, and TUFT1
polymorphisms and dental caries risk. Meta Gene. 2021;28:100866.
Olszowski T, Adler G, Janiszewska-Olszowska J, Safranow K, Kaczmarczyk M.
MBL2, MASP2, AMELX, and ENAM gene polymorphisms and dental caries in
Polish children. Oral Dis. 2012;18(4):389-95.

Hatipoglu O, Saydam F. Association between rs11362 polymorphism in the
beta-defensin 1 (DEFB1) gene and dental caries: A meta-analysis. J Oral Biosci.
2020,62(3):272-9.

Reis CLB, Barbosa MCF, Machado BMSM, Baratto SSP, de Lima DC, Paza

AO, et al. Genetic polymorphisms in interleukin-6 and interleukin-1-beta
were associated with dental caries and gingivitis. Acta Odontol Scand.
2021,79(2):96-102.

Azevedo LF, Pecharki GD, Brancher JA, Cordeiro Junior CA, Medeiros KGS,
Antunes AA, et al. Analysis of the association between lactotransferrin (LTF)
gene polymorphism and dental caries. J Appl Oral Sci. 2010;18(2):166-70.
Yildiz G, Ermis RB, Calapoglu NS, Celik EU, Turel GY. Gene-environment inter-
actions in the etiology of dental caries. J Dent Res. 2016;95(1):74-9.
Scannapieco FA, Torres G, Levine MJ. Salivary a-amylase: role in dental plaque
and caries formation. Crit Rev Oral Biol Med. 1993;4(3):301-7.

Mojarad F, Fazlollahifar S, Poorolajal J, Hajilooi M. Effect of alpha amylase

on early childhood caries: a matched case-control study. Braz Dent Sci.
2013;16(1):41-5.

Borghi GN, Rodrigues LP, Lopes LM, Parisotto TM, Steiner-Oliveira C, Nobre-
dos-Santos M. Relationship among a amylase and carbonic anhydrase VIin
saliva, visible biofilm, and early childhood caries: a longitudinal study. Int J
Paediatr Dent. 2017;27(3):174-82.

Ahmad A, Kumar D, Singh A, Anand S, Agarwal N, Ahmad R. A comparative
quantitative assessment of salivary Iga and alpha amylase in caries free and
caries active children. J Clin Pediatr Dent. 2021;45(5):323-9.

Sitaru A, Tohati A, Pop AM, Bica C. Correlation between the salivary level of
alpha-amylase and the risk for dental caries in young permanent teeth. Rev
Chim. 2017,68(12):2984-6.



Hatipoglu and Saydam BMC Oral Health

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

(2025) 25:722

Bergeim O, Barnfield WF. Lack of correlation between dental caries and
salivary amylase. J Dent Res. 1945;24(3-4):141-2.

Dodds MW, Johnson DA, Mobley CC, Hattaway KM. Parotid saliva protein
profiles in caries-free and caries-active adults. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 1997;83(2):244-51.

de Farias DG, Bezerra ACB. Salivary antibodies, amylase and protein from
children with early childhood caries. Clin Oral Investig. 2003;7(3):154-7.
Prabhakar A, Shubha A, Mahantesh T. Estimation of calcium, phosphate and
alpha amylase concentrations in stimulated whole saliva of children with
different caries status: A comparative study. Malays Dent J 2008;29(1).

da Silveira EG, Prato LS, Pilati SFM, Arthur RA. Comparison of oral cavity
protein abundance among caries-free and caries-affected individuals—a
systematic review and meta-analysis. Front Oral Health 2023;4.

Noble RE. Salivary a-amylase and lysozyme levels: A non-invasive technique
for measuring Parotid vs Submandibular/sublingual gland activity. J Oral Sci.
2000;42(2):83-6.

Santos JL, Saus E, Smalley SV, Cataldo LR, Alberti G, Parada J, et al. Copy
number polymorphism of the salivary amylase gene: implications in human
nutrition research. J Nutrigenet Nutrigenomics. 2012;5(3):117-31.
Venkatapoorna CM, Ayine P, Parra EP, Koenigs T, Phillips M, Babu JR, et al.
Association of salivary amylase (AMY1) gene copy number with obesity in
Alabama elementary school children. Nutrients. 2019;11(6):1379.

Al-AkI'N, Thompson RI, Arredouani A. Elevated levels of salivary a-amylase
activity in saliva associated with reduced odds of obesity in adult Qatari
citizens: A cross-sectional study. PLoS ONE. 2022;17(3):e0264692.

Bae JS, Cheong HS, Kim J-H, Park BL, Kim J-H, Park TJ, et al. The genetic effect
of copy number variations on the risk of type 2 diabetes in a Korean popula-
tion. PLoS ONE. 2011;6(4):219091.

48.

49.

50.

51.

52.

53.

54.

Page 12 of 12

Nakajima K. Low serum amylase and obesity, diabetes and metabolic syn-
drome: A novel interpretation. World J Diabetes. 2016;7(6):112.

Shah T, Sugumaran S, Mehta A. The relationship between Insulin-dependent
diabetes mellitus (Type 1 diabetes) and dental caries: A Meta-Analysis. J
Endod Restor Dent. 2023;2(1):1-7.

Chen D, Zhi Q Zhou Y, Tao Y, Wu L, Lin H. Association between dental caries
and BMIin children: A systematic review and Meta-Analysis. Caries Res.
2018;52(3):230-45.

Hatipoglu O, Onstiren AS, Hatipoglu FP, Kurt A. Caries-related salivary param-
eters and oral microbial flora in patients with type 1 diabetes: A meta-analy-
sis. Diabetes Metab Res Rev. 2022;38(5):e3527.

Hatipoglu O, Maras E, Hatipoglu FP, Saygin A. Salivary flow rate, pH, and buffer
capacity in the individuals with obesity and overweight; A meta-analysis.
Niger J Clin Pract. 2022;25(7):1126-42.

Boustedt K, Dahlgren J, Twetman S, Roswall J. Tooth brushing habits and
prevalence of early childhood caries: a prospective cohort study. Eur Arch
Paediatr Dent. 2020;21:155-9.

Hayasaki H, Saitoh I, Nakakura-Ohshima K, Hanasaki M, Nogami Y, Nakajima T,
et al. Tooth brushing for oral prophylaxis. Jon Dent Sci Rev. 2014;50(3):69-77.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The role of AMY1 gene copy number variation in dental caries susceptibility: insights from a Turkish population
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study protocol
	﻿Intra-rater reliability
	﻿Clinical and radiological examination
	﻿DNA isolation
	﻿AMY1 gene copy number analysis
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


