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Abstract
Background: Energy drink consumption has risen sharply worldwide and in Kyrgyzstan, particularly among young
adults. These beverages contain high levels of acids, sugars and stimulants that may accelerate dental erosion, caries
formation and physiological disturbances in the oral environment.
Objective: To assess the prevalence and determinants of energy drink consumption among university students and to
evaluate the effects of energy drinks on dental hard tissues through laboratory analysis.
Materials and Methods: An anonymous cross-sectional survey was conducted among 1,100 students aged 1624 years
at Osh State University. The questionnaire covered demographic factors, dietary habits, energy drink use and
awareness of health risks. The experimental component involved a 14-day in vitro exposure of extracted teeth to an
energy drink (“Flash”) with 0.9% NaCl as control. Outcomes included changes in tooth mass, enamel microhardness,
Ca/P ratio and X-ray phase characteristics. Salivary pH was assessed in 25 consumers and 25 non-consumers at
baseline and up to 60 minutes after ingestion. Statistical analysis was conducted using Pearson’s x* and relevant
parametric tests.
Results: Energy drink use was reported by 54.2% of students and was associated with irregular eating patterns,
smoking and alcohol intake. Caries prevalence among consumers was significantly higher (31.6%) than among non-
consumers (2.7%). Salivary pH in consumers dropped from 6.68 = 0.12 to 5.82 = 0.14 within 15 minutes of ingestion
and remained below baseline at 60 minutes. Experimentally exposed teeth showed a 7.15% mass loss, a 20.4%
reduction in microhardness and a decrease in the Ca/P ratio (1.67 — 1.55), with X-ray analysis indicating partial
hydroxyapatite degradation.
Conclusion: Energy drinks pose a significant risk to dental hard tissues and oral health. Findings support the need for
preventive education and reduction of acidic beverage consumption among students.
Keywords: Energy drinks; dental erosion; dental caries; enamel demineralization; salivary pH;
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Introduction and dentin and cement has increased substantially during

Energy drinks have become popular worldwide which
resulted in their broad distribution across Kyrgyzstan
through aggressive marketing campaigns. The majority
of energy drink consumers belong to the teenage and
young adult demographic who use these drinks to stay
alert and fight fatigue while also seeking to boost their
academic and athletic abilities [1]. Medical and dental
experts have started to worry about energy drink
consumption because studies show these drinks create
various health problems for people who drink them
regularly. The number of dental lesions affecting enamel

recent years among people who drink energy drinks
regularly [2]. The two main characteristics of energy
drinks which lead to dental problems stem from their
high sugar content and their acidic nature. The bacterial
growth of acidogenic bacteria depends on sugars which
leads to caries development and the low pH levels in
energy drinks cause fast hard tissue breakdown through
chemical dissolution. The combination of enamel and
dentin softening from acidity makes teeth more
vulnerable to damage when people brush their teeth
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which results in tooth and surface

deterioration [3].

sensitivity

The high calorie content of energy drinks presents an
additional health danger to people who consume them.
The majority of energy drink products contain more than
200 kilocalories per serving because of their high sugar
content [4]. People who consume these drinks in excess
of recommended amounts will consume excess calories
which results in weight gain and increases their risk of
developing obesity at any age. The performance-
enhancing properties of energy drinks make consumers

ignore their high sugar content because these drinks ar@.

marketed as performance boosters. The chemical
composition of energy drinks contains various substances
which create difficulties during their analysis process [5].
The standard package of energy drinks contains between
50 to 500 milligrams of caffeine together with taurine and
B vitamins and amino acids and herbal extracts and
multiple stimulant ingredients. The body responds to
cardiovascular functions and neurological responses and
metabolic operations through the combined effects of
these ingredients. The high sugar content in these drinks
maintains two dangerous effects on teeth which include
tooth decay development and weight gain potential [6].
The market demand for energy drinks shows a major
growth trend which will increase sales to twice or three
times their present levels during the next ten years [7].

Research findings show that energy drinks attract users
from different age groups who include students and
working people and athletes and people who need to
perform at high levels. The health authorities warn
people under 18 years old and pregnant women and
individuals with ongoing medical conditions to avoid
energy drinks [8]. The different amounts of caffeine and
taurine and guarana in energy drinks lead to various
medical problems which show how product ingredients
affect safety outcomes. The increasing number of dental
erosion cases from energy drink consumption requires
scientists to study its underlying causes in detail [9] [10].
The chemical process of acid erosion causes permanent
damage to tooth structures which results in continuous
enamel and dentin deterioration. The acids which cause
damage can come from outside sources through acidic
beverages or from inside the body because of gastric
reflux. The internal exposure of energy drink consumers
shows that their diet interacts with their body's natural
responses to create this effect. The weakening of tooth
mineral structures creates an environment where teeth
become more vulnerable to tooth decay and sensitivity
and structural damage [11]. The increasing popularity of
energy drinks together with their various health dangers
requires scientists to perform additional research.

Research about energy drink effects on dental structures
and consumer behavior patterns and risk factors will help
develop prevention methods and public health programs
[12]. People who drink these beverages stay unaware
about the permanent health dangers which develop from
their consumption. The research investigates two main
objectives which include studying energy drink effects
on dental hard tissues and evaluating consumer health
conditions and behaviors and identifying reasons behind
energy drink popularity.

Materials and Methods

2.1 Study Design and Survey Population

The study included two complementary components: a
cross-sectional survey and an experimental laboratory
assessment. The survey was conducted anonymously
among students of Osh State University in order to
identify patterns of energy drink consumption and related
behavioral characteristics. A total of 1,100 students
participated in the survey, representing both consumers
and non-consumers of energy drinks. Participation was
voluntary, and the questionnaire did not include any
personal identifiers. Data collection was carried out
during scheduled academic activities, and completed
questionnaires were screened for completeness before
inclusion in the analysis.

2.2 Survey Instrument and Data Collection Procedures
A standardized questionnaire was created to collect data
about how often students drink energy drinks and how
much they consume these beverages and their
motivations for using them and their understanding of
potential health risks and their reported dental problems.
The survey contained extra questions to determine
student eating patterns and their contact with acidic
substances which affect their dental wellness. The survey
instrument received an initial assessment for clarity and
consistency before trained interviewers used it to collect
data from students.

2.3 Experimental Assessment of Effects on Dental Hard
Tissues

The research included an experimental assessment to
determine how energy drinks affect hard dental tissues.
The research used human teeth which showed no signs of
caries or structural problems. The teeth underwent
cleaning and preparation before sectioning to create
uniform enamel and dentin and cement surfaces. The
research team performed their sample tests by giving
participants different energy drinks that had acidity levels
which matched what people normally drink. The control
group received distilled water treatment which ran
parallel to the experimental conditions in the laboratory.
The researchers used multiple analytical methods to
evaluate dental tissue modifications. The researchers
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used microhardness testing to measure enamel and dentin
mineral content before and after exposure to energy
drinks. The researchers performed visual and
microscopic inspections to study surface modifications
which included erosion patterns and color changes and
structural abnormalities. Student participants underwent
oral fluid pH measurement using digital pH meters before
and after consuming energy drinks. The researchers used
X-ray phase analysis to study enamel samples for
hydroxyapatite crystalline structure changes that
occurred because of acid exposure.

2.4 Statistical Analysis

All survey and experimental data were processed using
IBM SPSS statistical software. Descriptive statistics
were calculated for the main variables, and comparisons
between groups were performed using Pearson’s y? test.
This method was applied to evaluate associations
between energy drink consumption and reported oral
health outcomes, as well as to analyze differences
observed in the experimental datasets. Statistical
significance was determined at a p-value of less than
0.05.

Result

3.1 Prevalence and behavioral factors of energy drink
consumption among young students

The aim of the study was to determine the prevalence of
energy drink consumption and identify behavioral
determinants of their consumption among young
students. 1,100 students (aged 16-24 years) of three
educational institutions were covered by an anonymous
questionnaire survey. As part of the sociological study, a
survey was conducted among students of the Faculty of
Dentistry. The purpose of this survey was to identify the
level of awareness of future dentists about the impact of
energy drinks on the hard tissues of teeth, as well as to
determine the nature of consumption of such drinks by
students themselves. The questionnaire included
questions about the frequency of use of energy drinks,
knowledge of their composition, and understanding of
the potential effects on oral health. Most of the students
indicated that they were aware of the aggressive effect of
acids and sugars that make up energy drinks on the
enamel of teeth. At the same time, a significant part of
the respondents admitted to regular consumption of these
drinks, especially during sessions and increased training
load. General characteristics of the sample. In the period
from 2023 to 2024, an anonymous one-stage survey of
students Omrckoroof Osh State University was conducted
using the continuous inclusion method. To collect data, a
standardized questionnaire was used, which included the
following blocks: Socio-demographic characteristics
(gender, age, course/specialty); Health assessment (self-
assessment on a S-point Likertscale). Eating and

behavioral habits (eating regularly, smoking, drinking
alcohol, and experience with energy drinks). A total of
1,100 students were interviewed. The average age of
participants was 20.6 £ 2.1 years; 647 men (58.8 %), 453
women (41.2%). The majority of students described their
health as "good" or" excellent " (78 %), but only 55%
follow a regular diet; 45% indicated irregular nutrition.
68% of respondents smoke, and only 16% confirmed
complete abstinence from alcohol. The overall rate of
trial or regular consumption of energy drinks was 54.2 %
(596/1100). Among men, 462 people (71.5%) consumed
energy drinks, while among women — 134 (29.5 %). The
¥2 criterion revealed a statistically significant difference
by sex (2 = 310.1; p <0.001). The frequency of use
significantly decreased with age (p-trend <0.01): 15-19
years — 185/428 (43.3%); 20-21 years — 246/404
(60.8%); 22-23 years — 165/268 (61.5%) respectively.
Logistic regression showed that energy drinks were
associated with irregular eating habits (OR = 1.92; 95 %
CI 1.50-2.46; p< 0.001), smoking (OR = 2.74; 95% CI
2.03-3.70; p < 0.001), and alcohol consumption (OR =
1.58;95% CI 1.12-2.23; p<0.001). p=0.009), regardless
of gender and age. An anonymous survey of 1,100 OSH
State University students OmlY(2023-2024) revealed a
high prevalence of trial or regular consumption of energy
drinks — 54.2 %, and among men almost 2.5 times more
often than among women (71.5% vs 29,5 %; p<0,001).
Consumption of energy drinks is strongly associated with
unhealthy behavioral habits: irregular diet (OR = 1.92),
smoking (OR = 2.74) and alcohol consumption (OR =
1.58), regardless of gender and age. Despite a favorable
self-assessment of the health of most participants, the
combination of these factors indicates a significant risk
to their somatic and behavioral health [13].

3.2 The national composition of the sample and the
relationship with the use of energy drinks

The ethnic-national structure of the student cohort
studied and its relation to the habit of consuming energy
drinks were carefully analyzed based on data on 1,100
respondents. The sample consisted of two main
subgroups: 201 students who came to study from abroad
(which is 18.3 % of the total number of participants), and
899 students who permanently reside in the country and
represent the local population (81.7 %). Indicators of
energy drink consumption showed a marked contrast
between these categories. Among foreign students, 155
people reported regular or occasional use of energy
drinks, which is equivalent to 77.1 % of this subsample.
In other words, more than three-quarters of international
students include energy drinks in their diets. For
comparison, in the group of local students, similar
behavior was observed in 441 respondents, which
corresponds to 49.0 % of the number of respondents in
this category. Thus, the prevalence of the habit among
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foreigners exceeds the indicator among indigenous
students by almost 30 percentage points (difference =
28.1 percentage points), and the relative risk of
consumption is about 1.6 times higher.

The results obtained indicate that national and cultural
characteristics, peculiarities of adaptation to a new
environment, and, possibly, differences in lifestyle or
stress levels can have a significant impact on students '
propensity to use energy drinks. These differences
deserve additional attention when developing targeted
prevention programs and information
targeting different cultural and social groups within the
university community. Analysis of ¥2 confirmed a
statistically significant difference between the groups (2
=55.4; p<0.001) [14].

3.3 Awareness of the dangers of energy drinks
Students ' awareness of the potential negative health
effects of consuming energy drinks varies significantly

campaigns

depending on their learning profile. The survey revealed
that only slightly more than a third of future doctors
surveyed — 38.5% - realize that regular consumption of
energy drinks can cause serious damage to both systemic
(somatic) health and hard tissues of the teeth. At the same
time, among students receiving education in non-medical
specialties, the level of such understanding was three
times lower and amounted to only 12.0 %. These data
suggest that, despite specialized medical training, even in
this group, the vast majority of young people (over 60 %)
underestimate the risks associated with energy drinks.
For non-medical students, the situation looks even more
alarming, since in fact only one in eight of them is aware
of possible adverse effects. This gap in awareness
underscores the need for targeted prevention and
education programs aimed not only at medical
professionals, but also at a broader student audience. hard
tissues of the teeth. The diagram shows that medical
students (38.5 %) are more than three times more aware
of the possible harms of energy drinks than their peers in
non-medical specialties (12 %). Interfaculty education
the difference is significant (32 = 142.7; p<0.001), which
emphasizes the need for targeted educational programs
outside of medical curricula [15].

Thus, the shortest length of service (<6 months) prevailed
among respondents aged 15-19, while long-term
experience (> 5 years) was more often observed among
students aged 22-23 (p-trend <0.01).

3.4 The impact of energy drink consumption on the
dental status of students

According to the results of the clinical examination,
carious lesions of hard tooth tissues were detected in 378
out of 1,100 examined students, which is 34.3 % of the
sample. When stratifying by the fact of using energy
drinks, pronounced differences were found. Among 596
regular or episodic consumers of energy drinks, caries

was registered in 188 people (31.6 %). In the group of
504 non-consumers, a similar lesion was diagnosed only
in 14 students (2.7 %).

The corresponding comparison using the y2 criterion
showed a high statistical significance of the detected
variance (x2 = 287.6; p<0.001), which indicates a strong
association between the intake of sugar-containing
energy drinks and an increase in the cariogenic potential
of the oral environment.

3.5 Frequency of tooth extraction

The frequency of premature removal of permanent teeth,
considered as an integral indicator of dental distress,
allows us to indirectly assess the accumulated pool of
severe carious lesions, periodontal pathology, and
complications requiring radical intervention. As part of
the study, it was found that 89 students surveyed had at
least one extraction history, which corresponds to 8.1%
of the entire sample. A differentiated analysis of the
studied subgroups revealed a clear imbalance. In the
cohort of regular energy drink users, tooth extraction
cases were recorded in 39 people — this is 7.2% of all
students who use energy drinks, or almost every
fourteenth participant in this group. In contrast, among
their peers who completely abstain from energy
professionals, a similar problem was documented in only
five respondents, which is barely 0.9 % — less than one
case per hundred non — consumer students.

Thus, the frequency of extractions for energy consumers
exceeds the corresponding indicator for non-consumers
by almost eight times. The data obtained highlight the
likely link between regular consumption of energy drinks
and an increased risk of severe dental lesions resulting in
tooth loss, which requires further in-depth investigation
of the mechanisms of the effect of energy drinks on hard
tissues and periodontal tissue, as well as the development
of targeted prevention programs. Statistical analysis
again revealed a significant difference (y2 = 47.8;
p<0.001), confirming the association between energy
drink consumption and the risk of premature tooth loss.
These differences can be explained by a combination of
biochemical and microbiological factors:

L. High sugar content (up to 11-13 g/100 ml)
creates a substrate for Streptococcus mutans and
Lactobacillus spp., increasing the production of organic
acids and lowering the pH of dental plaque.

2. The acidity of the drinks themselves (pH 2.5-
3.5) causes a direct demineralizing effect on enamel,
reducing its buffering ability.

3. The combination of caffeine and taurine
stimulates salivation only briefly; the subsequent
decrease in saliva secretion limits the remineralizing
potential of oral fluid. Together, these mechanisms
contribute to: intensification of the formation of caries-
causing microflora, acceleration of demineralization of

770



Influence of various energy drinks on dental hard tissues of osh state university students.

the enamel surface layer, faster progression of the carious
process and an increase in the likelihood of complications
requiring extraction. Thus, the risk of caries among
energy consumers increases by almost 12 times, and the
probability of tooth extraction-by 8 times compared to
non-consumers, which confirms the clinical significance
of the identified association.

Consequently, the sugar-acid load generated by energy
drinks is a significant modifiable risk factor for oral
health. The introduction of comprehensive educational
and hygiene programs can play a key role in reducing
kapuecoreHHoiithe incidence of dental caries and tooth
loss among young people. To highlight the most
meaningful outcomes of the study, the key statistically
significant indicators from both the survey and
experimental components are summarized in Table 1. As
shown in the table, energy drink consumption is strongly
associated with higher caries prevalence, greater enamel
demineralization, and pronounced reductions in salivary
pH and tooth mineral integrity.

Table 1. Key Significant Findings from Survey and

Experimental Study
Parameter Consume Non- Significan
rs consume ce
rs
Prevalence 54.2 — —
of energy
drink use
(%)
Caries 31.6 2.7 x> =287.6,
prevalence p <0.001
(%)
Tooth 7.2 0.9 =478,
extraction p <0.001
history (%)
Saliva pH 6.68 — Stable t-test, p <
(baseline — | 5.82 (6.70- 0.05
15 min) 6.77)
Tooth mass | —7.15% —0.29% Significant
change, 14 difference
days (%)
Enamel —20.4% Stable p <0.001
microhardne
ss change
(%)
Ca/P ratio 1.67 — No p <0.01
change 1.55 change

3.6 Dynamics of the acid-base state of oral fluid

To assess the short-term effect of energy drinks on the
acid-base balance of oral fluid, two equally large samples
(n = 25 each)were formed: experimental group (regular
consumers of energy products) and control group (non-

users of energy products). The pH of mixed saliva was
measured at five time points: before ingestion (to), 15 min
(t1s), 30 min (ts0), 45 min (tss), and 60 min (teo) after
consumption. As early as 15 minutes after a single intake
of an energy drink, a sharp shift in the acid-base balance
of oral fluid was recorded in the experimental cohort: the
average pH value decreased from the initial level of 6.68
+ 0.12 to 5.82 + 0.14. This drop turned out to be
statistically significant in comparison with both the own
baseline indicator and the simultaneous value of the
control group (Student's t-test; p < 0.05). The achieved
value of 5.82 approaches the critical threshold of enamel
demineralization (= 5.5), which indicates an immediate
increase in the risk of dissolution of the surface layer of
hydroxyapatite and initiation of caries-causing processes.
In the future, there was a tendency to repair the saliva
buffer system: by the 60th minute, the average pH rose to
6.20 = 0.13. Nevertheless, even this value remained
significantly below the baseline level and the range
recorded in the control sample (6.70-6.77), which is
confirmed by a two-factor ANOVA with repeated
measurements (group effect: F =44.7; p <0.001).

Thus, the occasional use of an energy drink initiates long-
term acidification of the oral fluid, while in individuals
who abstain from such drinks, the acid-base balance
remains stable and physiologically favorable for enamel
remineralization.

3.7 Clinical and biological data related to pH changes
and mechanisms

A fixed decrease in saliva pH to 5.82 + 0.14 within 15
minutes after a single intake of an energy drink indicates
a rapid depletion of the main bicarbonate-phosphate
buffer of the oral fluid. Normally, the concentration of
Hcos™ in mixed saliva is maintained by the secretory
activity of the ductal part of the salivary glands; however,
under the influence of a highly acidic and sugar-saturated
medium, the energy reserve of alkaline ions is consumed,
and the rate of their intake does not have time to
compensate for the sudden increase in titrated acidity.
The critical range of pH<5,5 defined as "the point of zero
salinity" in which the activity of Ca2* and PO43™ in saliva
falls below the solubility constant of hydroxyapatite Ca
10 (PO4)s(OH)co2. When this threshold is reached, the
transition of calcium and phosphate from the surface
layer of enamel to the liquid phase begins — the process
of initial demineralization. Such an episode of acid stress
is described in the Stefan curve model: the longer the
saliva pH is kept below the critical level, the higher the
integral area under the critical line and, accordingly, the
greater the total mineral loss of enamel. Partial recovery
to pH = 6.20 £ 0.13 after 60 min reflects reactivation of
salivary buffers and dilution of organic acids due to reflex
salivation. Nevertheless, this value remains: (energy
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consumers) significantly below the initial physiological
range  (=6.7-6.8), and (control) below the
"remineralizing" one range" (pH > 6.8), at which the
solubility of hydroxyapatite decreases, and saliva
becomes supersaturated with Ca2* and PO43".

The graph shows a model of the Stefan curve, which
shows a decrease in the pH of the oral fluid in energy
drink users immediately after ingestion (peak acid
formation) and a gradual recovery, which remains below
the critical level of remineralization (~6.8) for 60
minutes. The control curve shows a stable physiological
range in students who did not consume the drink. Thus, a
prolonged "acid phase" is visualized under a critical pH
of 5.5, which explains the high demineralizing potential
of energy drinks [16].

Therefore, even after an hour of observation, the medium
remains unsaturated with respect to fluorapatite and
hydroxyapatite, which limits the reverse flow of minerals
into the enamel crystal lattice. From the point of view of
clinical cariesology, such an "under-restored" pH status
forms a persistent risk zone: repeated intake of acidic
drinks during the day leads to a cumulative prolongation
of the stay time below critical pH (3 t <5.5), as a result
of which the total loss of minerals exceeds the potential
for natural remineralization even with adequate hygiene.
Additional factors that enhance the demineralizing effect
of an energy drink:

1. A high concentration of simple sugars (~11-13
2/100 ml) feeds Streptococcus mutans and Lactobacillus
spp., enhancing intrafilm acidogenesis.

2. The low viscosity of the drink facilitates its
diffusion over the dental surface and penetration into
MHKpoIpocTpaHcTBathe micro-spaces of plaque.

3. Caffeine can briefly reduce the rate of salivation
after the initial stimulating effect, prolonging the period
of low buffer capacity.

Thus, the recorded acid shift and its incomplete recovery
objectively confirm the high cariesogenic danger of
regular consumption of energy drinks. In clinical
practice, the results emphasize the need to limit the
frequency of contact of enamel with an acidic substrate,
recommend rinsing with neutral or slightly alkaline
solutions (NaHCOs 1 %), strengthen fluoroprophylaxis to
reduce the solubility of dental mineral, and inform young
people about the pathogenetic mechanisms and risks
associated with these drinks.

3.8 Clinical and biological interpretation of pH
decrease in oral fluid

The drop in the acid-base index of mixed saliva to pH =
5.80 + 0.14 during the first 15 minutes after taking an
energy drink reflects the rapid depletion of the main
bicarbonate-phosphate buffer, formed mainly by ductal
secretion of the parotid glands. Normally, the
concentration of Hcos™ in mixed saliva (15-20 mmol/l)

can effectively neutralize exogenous acids within 2-3
minutes; however, with the titrated acidity of the energy
drink (pH = 2.6-3.2) and the added sugar load (= 11-13
g / 100 ml), the buffer capacity is depleted within
seconds. The pH drop occurs against the background of
a high titratable acidity of the drink (pH 2.5-3.5) and a
significant sugar load (= 11-13 g / 100 ml), which
simultaneously:

L. Reduce the saturation of saliva with calcium and
phosphate ions due to the formation of poorly soluble
calcium salts of organic acids.

2. Activate the acidic microflora (Streptococcus
mutans, Lactobacillus spp.) within 5-10 minutes after
contact with the substrate, which additionally lowers the
pH in the biofilm.

3. Competitively inhibit the secretion of saliva (the
effect of caffeine and taurine on alpha-and beta-
adrenergicreceptors), limiting the intake of new portions
of bicarbonates.

3.9 Critical demineralization threshold

The pH <5.5 zone is defined as the " zero mineralization
point "(dissolution threshold) for hydroxyapatite Caio
(PO4)s(OH)2. Below this level, the ionic activity of Ca2*
and PO3" in the liquid phase becomes less than the
product of the solubility of Ksp, which makes the enamel
surface thermodynamically unstable and initiates the
release of calcium and phosphate into the salivary film.
In the Stefan curve clinical model, the time interval
during which the pH of the curve lies under the critical
line (area under the critical pH curve, AUC-crit)
correlates with total mineral loss: the larger the AUC-crit
area, the more pronounced the demineralization. The
diagram shows the dynamics pHof oral fluid pH in
energy drink consumers and visualizes the area under the
critical pH value = 5.5, corresponding to the period of
demineralization risk. The shaded area (AUC-crit)
correlates with the total mineral loss of enamel.

Thus, the recorded decrease in pH to 5.8 and its
incomplete recovery to 6.2 demonstrate that even a short-
term episode of energy drink consumption creates
conditions for enamel demineralization, and the time
window for restoring the buffer capacity of saliva is not
enough for complete remineralizing This
pathophysiological rationale reflects the sustained risk of
early caries development and emphasizes the need for
regulated preventive measures [17].

3.11 Effect of energy drinks on dental health

Acidic drinks, in particular energy drinks, have a

repair.

pronounced demineralizing effect on the hard tissues of
the tooth, initiating the leaching of mineral components
from the calcified enamel matrix. The penetration of such
solutions through the acquired pellicle on the tooth
surface leads to the dissolution of hydroxyapatite crystals
and their diffusion into the interprismatic spaces.
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In this experiment, we studied the effect of two media —
the energy drink "Flash" and a saline solution of 0.9%
NaCl — on the mass of extracted teeth during two-week
incubation. The initial mass of the samples was recorded,
after which the average values and dynamics of their
changes were calculated. The average weight of the front
teeth immersed in the "Flash" was 1.69 g, while chewing
multi-root teeth were characterized by a mass of 2.54 g;
the cumulative average value for one tooth was 2.11 g.
The total weight of 15 samples was 31.72 g. For teeth
incubated in saline solution, the average mass of a single
sample reached 2.32 g, and the total mass of all teeth-34.8
g. The results obtained confirm that the acidic
environment of an energy drink significantly enhances
the processes of demineralization compared to an
isotonic solution, which manifests itself in a more
significant decrease in tooth mass and suggests the
development of morphological changes in enamel. After
one week of incubation of the samples in a sealed glass
container containing an energy drink, a moderate
decrease in their weight was revealed: the total value
decreased to 30.68 g, that is, by 1.04 g compared to the
initial value established in in vitro.

3.12 Quantitative mass dynamics

At the end of the first week of incubation in a sealed
container with the energy drink "Flash", the total weight
of the studied teeth decreased to 30.68 g, which
corresponds to a decrease of 1.04 g (-3.28 %) compared
to the initial value. In the control group immersed in 0.9%
NaCl, the weight remained unchanged and amounted to
34.8 g. Extending the exposure to 14 days increased the
differences between the groups. The mass of samples in
contact withFlashdecreased to 29.45 g, that is, by another
1.23 g (an additional -4.01 % relative to the weekly
indicator; a total of -7.15 % from the initial level).
Control teeth showed only a minimal fluctuation — up to
34.7 g (-0.29 % for the entire period).

Thus, the change in the mass of samples demonstrates a
pronounced demineralizing "Flash" effect. By day 7, the
total tooth mass decreased by 1.04 g (-3.28 %), and by
day 14-by 2.27 g (-7.15 %) from the initial value. Control
samples incubated in NaClshowed almost no change in
weight (-0.29 % over 14 days) (Figure 1) [18].
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Figure 1: Change in total tooth mass (g) over 14 days for
teeth incubated in Flash energy drink compared to
control samples in 0.9% NaCl. Values represent total
mass of 15 teeth per group at each time point (0, 7, 14
days)

3.13 Morphological changes in enamel

Objective verification and quantitative assessment of
erosive enamel lesions were performed using a CJ
OPTIK Flexion Advanced operating microscope
(Germany), which provides high optical resolution and
allows detailed microstructural changes in hard tissues
[19]. In the experimental group exposed to an energy
drink, microscopy revealed typical signs of acid erosion:
loss of natural gloss, dullness of the surface, discoloration
areas, as well as cup-shaped defects localized mainly on
the occlusal mounds of molars. Concomitant energy
dispersion analysis revealed a 6.4% decrease in the Ca/P
ratio (p<0.05) and muxpotBépaoctra 5.9% drop in the
enamel microhardness (p<0.05), which indicates
pronounced demineralization. These changes were not
observed in the control group of samples incubated in 0.9
% NaCl: the tooth surface retained its natural gloss and
color, while the quantitative parameters of Ca/P and
microhardness remained stable.

Thus, the results confirm the high erosive activity of the
acidic medium of the energy drink, which is manifested
in the morphological degradation of enamel and a
decrease in the mass of samples is presented in Table 5.
(-2.27 g; -7.15 % of the initial value for 14 days). In
contrast, the isotonic solution showed minimal effect on
the state of solid tissues. The data obtained emphasize the
need to limit the consumption of energy drinks and
justify further studies to assess the interaction of various
drinks with tooth enamel.

Consequently, the obtained data confirm the high erosive
activity of the energy drink "Flash": the mass of teeth
decreased by 7.15% in two weeks, and morphological
changes in enamel were manifested already in the first
week. Saline solution did not significantly affect the mass
and structure of teeth, which emphasizes its relative
biological neutrality under these conditions.

3.14 Results of X-ray phase analysis of tooth enamel
without signs of caries

X-ray data indicate a high level of crystallinity and a
typical hexagonal structure of hydroxyapatite (HAP) in
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intact enamel. mudpaxrorpammelntense  reflexes
corresponding to the (211), (300), and (002) planes are
clearly recorded on the diffractogram, which confirms
the preservation of the mineralized tooth frame. Analysis
of peak positions and intensities shows a complete
agreement with the reference card PDF No. 9-432, and
the values of interplanar distances (d) differ by no more
than 0.002 A from the reference values, which is in the
range of the experimental error of the device. The line
width at half-height (FWHM) remains minimal, which
indirectly indicates the large size of the crystallites and
the absence of pronounced structural disorganization.
The representative parameters of each diffraction peak
are summarized. Here are the experimentally measured
20 angles, calculated interplanar distances (d), relative
intensity (I, % of maximum), and reference data for
hydroxyapatite according to the ICDD database. The
coincidence of the main reflexes confirms that before
exposure to the Nitro energy drink, enamel is
characterized by normal mineralization without signs of
phase impurities (CaO, B-TCP, CaFCaF-, etc.). Note:
reference values are given in the PDF-2 database (ICDD,
entry 9-432). I exp — relative intensity normalized to
maximum (peak 211).

Thus, X-ray phase analysis of intact enamel confirms its
complete mineralization: all key reflexes of
hydroxyapatite (211, 300, 002) coincide with the PDF
standard No. 9-432, the deviation of the d-parameters <
0.002 A and the minimum FWHM indicate large, well-
ordered crystals without extraneous phase impurities.
Thus, the enamel structure retains a high crystallinity and
shows no signs of degradation until the energy drink is
used.

3.15 Results of X-ray phase analysis of tooth enamel
with caries

X-ray diffraction analysis (XRD) of demineralized
enamel affected by the carious process shows
characteristic changes in local crystallinity and
mineralization. There is a decrease in the relative
intensity and slight shifts of hydroxyapatite peaks (ICDD
No. 9,432), which indicates a partial loss of Ca2* and
PO43", increased microstructural tension, and the
formation of microcracks in enamel prisms. The
maximum intensity is still fixed for pednexcathe (211)
reflex at 31.78°, but the I (002) /I (211) ratio is reduced,
indicating a predominant dissolution of crystals oriented
along the axis.Comparative analysis with reference data
shows an increase in the relative width of peaks (not
shown in the table), which implies a decrease in the
average size of crystallites and an increase in
microdefects. These changes correlate with a decrease in
the strength of enamel and its ability to resist acid
demineralization. Taken together, the results obtained

confirm a decrease in the degree of mineralization and
structural order of enamel in dental caries.

Thus, X-ray structural data of carious-demineralized
enamel demonstrate a complex deterioration of its
mineral-crystalline state: a decrease and displacement of
hydroxyapatite reflexes indicate a significant loss of
Ca2*/PO43™ and an increase in microstructural stresses; a
decrease in the 1(002)/I(211) ratio indicates selective
dissolution of crystals along the c axis; the expansion of
peaks (an increase in FWHM) reflects a decrease in the
size of crystallites and the accumulation of microdefects.
Together, these changes confirm a drop in the degree of
mineralization, disorganization of the crystal lattice, and
a decrease in the mechanical strength of enamel in
carious lesions.

3.16 Results a study without dental caries after
experimental studies
This work highlights
transformation of dental tissues after 14-day immersion
of samples into energy drinks. The study included an
assessment of the main parameters — the degree of
demineralization, changes in microhardness, as well as
visual and structural rearrangements of enamel. The
results obtained allow us to assess the influence of the
components of energy drinks on the state of hard tooth
tissues and make a significant contribution to the
development of preventive measures and clinical
approaches in dentistry.

3.16.1 Loss of the mineral component

Microcomputer tomography showed a decrease in the
volume mineral density by 18-22 % (Ap=-0.46+0.04 g
/ em3, p < 0.001) compared to the control (<2 %, p >
0.05). The Ca/P ratio (EDS) decreased from 1.67 + 0.03
to 1.55+0.04 (p <0.01), indicating selective leaching of
Ca2*.

3.16.2 Changes in micromechanical properties

The microhardness (hvo . os) decreased by 20.4 + 1.8%
(from 325 + 14 to 258 + 11 MPa, p < 0.001), which
reflects a decrease in crystal order and an increase in the
porosity of the prismatic layer. The expansion of the d-
planes (Ad = +0.2-0.7 %) and a decrease in the relative
intensity of the peak (002) indicate hydrogen or
carbonate substitution in the hydroxyapatite lattice. The
peak half-width (FWHM) increased by 12 + 3 %,
corresponding to a decrease in the average crystallite size
from 39 + 2 nm to 34 + 2 nm (Scherrer calculation).
3.16.3 Morphological observations

Optical microscopy revealed chalky opacities in 65 % of

experimental indicators of

the surfaces; SEM showed the formation of microfossils
(1-5 pm) and a network of microcracks along the prism
boundaries (erosion depth 4.2 + 0.6 um). The combined
effect of low pH and chelating properties of citrate
causes: rapid ion exchange of Ca2 H H*, the growth of
crystal-chemical defects, and a decrease in
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microhardness, which increases the erosion-carious
vulnerability of enamel. Thus, a two-week daily exposure
to an energy drink reduces the mineralization of intact
enamel by ~ 20 % and reduces its micro-strength by =~ 20
%. Regular consumption of such beverages should be
regarded as a significant risk factor for early erosive and
carious pathology.

3.17 Comparative X-ray phase analysis across groups
The results of comparative X-ray phase analysis of the
three groups under study indicate a pronounced gradient
of degradation of the mineral-crystal structure of enamel.
1. Intact (control) enamel shows the maximum
level of crystallinity and structural ordering: the positions
and relative intensities of diffraction peaks completely
coincide with the reference map of hydroxyapatite
(ICDD No. 9-432), FWHM values are minimal, phase
impurities (CaO, B-TCP, CaFCakF-, etc.) are not detected.
2. Enamel after two weeks of exposure in an
energy drink is characterized by initial signs of
demineralization: there is a partial decrease in the
intensity of key reflexes, moderate expansion of lines and
slight positive displacements of interplanar distances
(Ad~+0.2—0.7%). The reduction in bulk mineral density
is about 18-22%; however, the crystal framework retains
relative integrity and phase uniformity.

3. Carious-demineralized enamel exhibits the most
pronounced structural changes: peak displacements
exceed the permissible experimental error, the
1(002)/1(211) ratio drops sharply, indicating the
predominant dissolution of crystals oriented along the c-
axis; FWHM increases by tens of percent, which
indicates the fragmentation of crystallites and the
accumulation of microdefects. The combination of these
shifts confirms the heavy loss of Ca2'/PO3-, phase
instability, and deep disorganization of the mineral
matrix.

Thus, there is a gradient of deterioration of properties:
intact — experimentally demineralized — carious, and
energy drinks after 14 days cause changes that partially
mimic the early stages of caries, but do not reach the
degree of destruction characteristic of a mature carious
process.

Discussion

4.1 Summary interpretation and mechanisms

A fixed decrease in saliva pH to 5.82 + 0.14 within 15
minutes after a single intake of an energy drink indicates
a rapid depletion of the main bicarbonate-phosphate
buffer of the oral fluid. Normally, the concentration of
Hcos™ in mixed saliva is maintained by the secretory
activity of the ductal part of the salivary glands; however,
under the influence of a highly acidic and sugar-saturated
medium, the energy reserve of alkaline ions is consumed,
and the rate of their intake does not have time to

compensate for the sudden increase in titrated acidity.
The critical range of pH<5,5 defined as "the point of zero
salinity" in which the activity of Ca2* and PO43™ in saliva
falls below the solubility constant of hydroxyapatite Ca
10 (PO4)s(OH)co2. When this threshold is reached, the
transition of calcium and phosphate from the surface
layer of enamel to the liquid phase begins — the process
of initial demineralization. Such an episode of acid stress
is described in the Stefan curve model: the longer the
saliva pH is kept below the critical level, the higher the
integral area under the critical line and, accordingly, the
greater the total mineral loss of enamel. Partial recovery
to pH = 6.20 £ 0.13 after 60 min reflects reactivation of
salivary buffers and dilution of organic acids due to reflex
salivation. Nevertheless, this value remains: (energy
consumers) significantly below the initial physiological
range  (=6.7-6.8), and (control) below the
"remineralizing" one range" (pH > 6.8), at which the
solubility of hydroxyapatite decreases, and saliva
becomes supersaturated with Ca2* and PO43".

The graph shows a model of the Stefan curve, which
shows a decrease in the pH of the oral fluid in energy
drink users immediately after ingestion (peak acid
formation) and a gradual recovery, which remains below
the critical level of remineralization (~6.8) for 60
minutes. The control curve shows a stable physiological
range in students who did not consume the drink. Thus, a
prolonged "acid phase" is visualized under a critical pH
of 5.5, which explains the high demineralizing potential
of energy drinks.

Therefore, even after an hour of observation, the medium
remains unsaturated with respect to fluorapatite and
hydroxyapatite, which limits the reverse flow of minerals
into the enamel crystal lattice. From the point of view of
clinical cariesology, such an "under-restored" pH status
forms a persistent risk zone: repeated intake of acidic
drinks during the day leads to a cumulative prolongation
of the stay time below critical pH (. t <5.5), as a result
of which the total loss of minerals exceeds the potential
for natural remineralization even with adequate hygiene.
Additional factors that enhance the demineralizing effect
of an energy drink:

L. A high concentration of simple sugars (~11-13
2/100 ml) feeds Streptococcus mutans and Lactobacillus
spp., enhancing intrafilm acidogenesis [20].

2. The low viscosity of the drink facilitates its
diffusion over the dental surface and penetration into
micro-spaces of plaque [21].

3. Caffeine can briefly reduce the rate of salivation
after the initial stimulating effect, prolonging the period
of low buffer capacity [22].

Thus, the recorded acid shift and its incomplete recovery
objectively confirm the high cariesogenic danger of
regular consumption of energy drinks. In clinical
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practice, the results emphasize the need to limit the
frequency of contact of enamel with an acidic substrate,
recommend rinsing with neutral or slightly alkaline
solutions (NaHCOs 1 %), strengthen fluoroprophylaxis to
reduce the solubility of dental mineral, and inform young
people about the pathogenetic mechanisms and risks
associated with these drinks.

4.2  Clinical implications
recommendations

The recorded decrease in pH to 5.8 and its incomplete
recovery to 6.2 demonstrate that even a short-term
episode of energy drink consumption creates conditions
for enamel demineralization, and the time window for5.
restoring the buffer capacity of saliva is not enough for
complete remineralizing repair. This pathophysiological
rationale reflects the sustained risk of early caries
development and emphasizes the need for regulated
preventive measures [23].

and  preventive

Initial demineralization: the dissolution of peripheral
enamel crystals leads to the formation of subclinical foci
of increased porosity (white spot lesions) in the surface
layer of ~10-50 pm. Activation of cariogenic biofilm:
sugar substrate energetika enhances the metabolism of
Streptococcus mutans and Lactobacillus spp., which is
accompanied by additional deposition of extracellular
polysaccharides and a decrease in the pH inside the
plaque to 4.5-5.0. A decrease in the salivation rate after a
short-term stimulating effect of caffeine (beta-adrenergic
phase) leads to a secondary drop in the buffer reserve,
extending the pH recovery time. In the diagram, the graph
illustrates the dynamics of three key parameters during
the first hour after taking an acidic drink: an increase in
the risk of enamel demineralization, an increase in the
acidogenic activity of plaque, and a temporary decrease
in salivation as a buffer factor. The values are presented
in relative units for visual comparison. Partial recovery
to pH = 6.20 £ 0.13. After 60 minutes, the pH increases,
reflecting: resumption of  saliva secretion
(parasympathetic component); dilution and removal of
organic acids due to swallowing movements; intake of
bicarbonates from the bloodstream. However, the value
of 6.2 remains: (i) below the optimal remineralizing
range (pH > 6.8) required for saliva saturation with
calcium phosphate; (ii) below the initial physiological
norm (6.7-6.8) and control levels (6.70-6.77).
Consequently, saliva remains unsaturated with respect to
hydroxy-and fluorapatite, and the rate of reverse
deposition of minerals is less than the rate of their
dissolution, which supports
persistent caries risk [24] [25].

The study shows the dynamics pH of oral fluid pH in
energy drink consumers and shows partial recovery of the
saliva buffer system by the 60th minute (pH =~ 6.20). Each
serving of an energy drink increases the AUC-crit,

HNEPCUCTHPYIOUIMHA  a

accumulating a mineral deficiency; with two or more
doses per day, the salivary potential of remineralization
objectively becomes insufficient to compensate for
losses. It is recommended to limit the frequency of
contact of enamel with such drinks or combine their use
with buffer strips of 1 % NaHCOs, water intake, chewing
gum with xylitol for an accelerated pH increase.
Preventive use of fluoride - and calcium-phosphate-
containing products (for example, Ca/Pos bioactive glass,
CPP-ACP) is relevant, which reduce the critical pH to
4.5-4.8 and increase the resistance of enamel to acid
attacks.

Conclusions

It was found that the prevalence of regular or episodic
consumption of energy drinks among Osh State
University students is 54.2%, and the relative probability
of consumption in men is 2.5 times higher than that in
women. The obtained data form a new epidemiological
characteristic of the youth population in southern
Kyrgyzstan and justify the need to introduce gender-and
behavioral-oriented preventive measures aimed at
reducing the consumption of energy drinks. Foreign
ethnic origin is independent factor: energy
consumption among foreign students is 28.1 percentage
points higher, and the relative risk increases by 1.6 times.
A "pedagogical paradox" was revealed: only 38.5% of
physicians and 12.0% of non-physicians adequately
assess the somatic and dental risks of power engineers,

an

which indicates a significant lack of awareness even in
the specialized environment. A combined analysis of
epidemiological and experimental data confirms the
cardiac contribution of energy drink consumption to the
pathogenesis of caries. In the population survey, the
incidence of carious lesions was 31.6% for consumers
versus 2.7% for non-consumers, indicating a significant
increase in relative risk. Experimental immersion
modeling showed that after 14 days of exposure to
beverages, enamel undergoes structural and
mineralogical changes characteristic of the initial stages
of caries, although the degree of destruction does not
reach the level of a mature pathological process.
Recommendations developed on the basis of a
comprehensive  analysis, combining educational,
environmental, clinical, preventive, and regulatory
measures, are aimed at systematically reducing the
consumption of energy drinks among students. Their
implementation—through increased risk awareness,
limited availability, and the introduction of
remineralizing and behavioral support will consistently
reduce the frequency of energy drinks, reduce the number
of clinical and structural enamel injuries, and reduce the
overall somatic risk. It is expected that the complex
nature of these interventions will provide a higher
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effectiveness of prevention than isolated individual
interventions.
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