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Abstract: Energy drinks have become increasingly popular worldwide, particularly among
adolescents and young adults. Their high content of sugar, caffeine, and organic acids may adversely
affect the oral mucosa and dental hard tissues. This study aimed to clinically and experimentally
evaluate the effects of energy drinks on the oral mucosa and dental hard tissues. The findings
demonstrated that regular consumption of energy drinks contributes to enamel demineralization,
dental erosion, reduced salivary pH, and inflammatory changes in the oral mucosa. The study
highlights the importance of preventive dental care and increasing public awareness to minimize the
harmful effects of excessive energy drink consumption on oral health.

Keywords: Energy drinks, oral mucosa, dental enamel, dental hard tissues, dental erosion,
salivary pH.

KIIMHUKO-OKCIIEPUMEHTAJIbHAA OUEHKA.BJINAHUA DOHEPTETUYECKHUX
HAIIUTKOB HA CJIM3UCTYIO OBOJOYKY - TNOJOCTU PTA U TBEPABIE TKAHU
3YBOB

AHHOTAanUsi: OHEPreTHYECKME HAIMTKA B TOCICAHME  TOIbl IOJYyYMIM IIUPOKOE
pacrpocTpaHeHue, OCOOSHHO  Cpeau MOJoAEkKHU. Bricokoe cofepkaHue caxapa, KodeuHa Hu
OpPraHUYECKHUX KHUCIIOT/MOXKET OKa3biBaTh HEOJAroONpHATHOE BIMSHME HA, CIU3UCTYI0 O0O0JOYKY
MOJIOCTH pTa W TBEpAble. TKaHu 3y00B. B maHHOM HCCIENOBaHWM MPOBEJACHA KIMHHYECKAs W
SKCIIEpUMEHTANIbHAsL OLIeHKA BIUSHYS SHEPreTHyeCKUX HAMUTKOB Ha CIM3UCTYIO 000JI0UKY MOJIOCTH
pTa ¥ TBepible TKaHU 3Y0OB. [lomyHdeHHBIC pe3ysIBTaTHl TIOKA3aM, YTO PEryIsipHOE yHOTpeOIeHme
SHEpPreTUUECKUX HANUTKOB CIQCOOCTBYET AEMMHEpATH3aIlld M ©pOo3HH 3Maliu, cHwkeHuto pH
CIIIOHBI, @ TaKXXe PA3BUTHIO0 BOCHAIUTETBHBIX HM3MEHEHHH CIM3UCTOM OOOJNIOUKH IIOJIOCTH PTa.
Pesynprarsel UCCJIEA0BAHUS HOAUEPKUBAOT HE00X0MMOCTh PO UIAKTHIECKUX
CTOMATOJIOTUYECKUX | MEPOIPHATUN W HOBBILICHUs] OCBEAOMJICHHOCTH HACEJICHHS O BO3MOXHBIX
pHCKax Ype3MepHOro yHOFpeOieH s SHEPreTHIeCKUX HAITUTKOB.

KuroueBble ci1oBa: DHEpreTHUECKUE HAUTKH, [10JOCTh/PTa,“eju3ucTas 000JI04Ka, IMallb
3y0OB, TBEpAbIC TKaHU 3YO0B, 3p03usty,pH CiltOHBL.

ENERGETIK ICHIMLIKLARNING OG‘IZ BO‘SHLIG‘I SHILLIQ QAVATI VA TISH
QATTIQ TO‘QIMALARIGA TA'SIRINI KLINIK VA EKSPERIMENTAL BAHOLASH

Annotatsiya: Energetik ichimliklar so‘nggi yillarda, aynigsa yoshlar orasida keng iste'mol
qilinayotgan ichimliklardan biri hisoblanadi. Ularning tarkibidagi yuqori miqdordagi shakar, kofein
va organik kislotalar og‘iz bo‘shlig‘i shilliq qavati hamda tish qattiq to‘qimalariga salbiy ta'sir
ko‘rsatishi mumkin. Ushbu tadqiqotda energetik ichimliklarning og‘iz bo‘shlig‘i shilliq qavati va tish
qattiq to‘qimalariga ta'siri klinik va eksperimental jihatdan baholandi. Olingan natijalar energetik
ichimliklarni muntazam iste'mol qilish tish emali demineralizatsiyasi, eroziyasi, so‘lakning pH
ko‘rsatkichlarining pasayishi hamda og‘iz bo‘shlig‘i shilliq qavatida yallig‘lanish o‘zgarishlarini
yuzaga keltirishini ko‘rsatdi. Tadqiqot natijalari og‘iz bo‘shlig‘i kasalliklarini oldini olishda
profilaktik stomatologik tadbirlarning muhimligini tasdiqlaydi.

Kalit so‘zlar: Energetik ichimliklar, og‘iz bo‘shlig‘i, shilliq qavat, tish emali, tish qattiq
to‘qimalari, eroziya, so‘lak pH.

Introduction
The consumption of energy drinks has increased dramatically worldwide over the past decade,
particularly among adolescents, university students, and young adults. These beverages are widely
consumed to improve physical endurance, increase mental alertness, and reduce fatigue. However,
energy drinks contain high concentrations of sugars, caffeine, taurine, and acidic compounds,
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including citric and phosphoric acids, which may adversely affect oral health. Although numerous
studies have investigated their systemic effects, their impact on the oral cavity, especially on the oral
mucosa and dental hard tissues, remains an important area of scientific research. The acidic nature of
energy drinks contributes to the demineralization of dental enamel, increasing the risk of dental
erosion, hypersensitivity, and dental caries. Frequent consumption may also alter salivary pH, reduce
the buffering capacity of saliva, and promote changes in the oral microbiome. Furthermore, prolonged
exposure to acidic beverages may irritate the oral mucosa, leading to inflammatory changes and
increasing susceptibility to oral diseases. These alterations may negatively affect both oral function
and overall quality of life. Recent advances in preventive dentistry have emphasized the importance
of evaluating dietary risk factors associated with oral diseases. Clinical and experimental studies play
a crucial role in understanding the mechanisms by which energy drinks affect oral tissues and in
developing effective preventive strategies=A Comprehensive assessment of their effects on the oral
mucosa and dental hard tissues may provide valuable evidence for improving oral health education
and reducing the incidence of béverage-related dental disorders.

Relevance

The widespread consumption of energy drinks has beecoeme a'significant public health concern
due to their potential adverse effects on oralshealth. The high“acidity and, sugar content of these
beverages may contribute to dental @namel erosion, demineralization, and ‘alterations in the oral
mucosa. Despite the growing popularity of energy drinks, limited clinical-and experimental evidence
is available regarding their long-term effects on oral tissues. Therefore, a comprehensive clinical and
experimental evaluation-of the effects of energy dninks on the oral mucosa‘and dental hard tissues is
highly relevant for improving preventive dental care, reducing the risk of oral diseases, and promoting
evidence-based recommendations for healthy beverage consumption.

Aim

The aim of this study was to clinically and experimentally evaluate the effects of energy drinks
on the oral mucosa and dental hard tissues, to assess their influence/on oral health, and to determine
their role in the development of enamel erosion and other pathological-changes in the oral cavity.

Main part

Energy drinks are among the most.frequently consumed. beverages worldwide, particularly
among adolescents and young ‘adults. Thesewbeverages typically contain caffeine, taurine,
glucuronolactone, sugars, B-group vitamins; and|various herbal extracts. In addition, they contain
acidic components such as citric acid and phosphoric acid, which lower the pH of the beverage and
increase its erosive potential. Caffeine is responsible for stimulating the central nervous system,
whereas taurine plays a role in cellular metabolism and neuromuscular function. Although these
ingredients may temporarily improve physical and cognitive performance, excessive and frequent
consumption has been associated with several adverse health effects. The combination of high sugar
concentration and acidic pH creates favorable conditions for the development of dental erosion and
caries. Furthermore, repeated exposure of the oral cavity to acidic beverages may disturb the normal
oral environment and reduce the protective function of saliva. Understanding the chemical
composition and biological characteristics of energy drinks is essential for evaluating their effects on
oral tissues and for developing preventive strategies in dental practice.

The oral mucosa serves as the first biological barrier exposed to energy drinks during
consumption. Continuous contact with acidic beverages may alter the physiological integrity of the
oral epithelium and increase tissue permeability. Organic acids contained in energy drinks may cause
irritation of the oral mucosa, resulting in inflammatory reactions and epithelial damage. In addition,
high concentrations of caffeine and other bioactive substances may influence local blood circulation
and cellular metabolism within the oral tissues. Long-term consumption has been associated with
symptoms such as burning sensation, mucosal dryness, and increased susceptibility to traumatic
injuries. Changes in salivary composition induced by energy drinks may further impair the protective

601



TOSHKENT TIBBIYOT AKADEMIYASI URGANCH FILIALI
JANUBIY OROLBO“YI TIBBIYOT JURNALI

2 - TOM, MAXSUS SON-2. 2026
14.00.00 - TIBBIYOT FANLARI  ISSN: 3093-8740

functions of the oral mucosa and promote the development of opportunistic infections. Clinical and
experimental investigations have demonstrated that repeated exposure to acidic beverages may
contribute to structural and functional alterations of the oral mucosal surface

Dental enamel is the hardest tissue in the human body; however, it is highly susceptible to
acidic dissolution. The low pH and high titratable acidity of energy drinks promote enamel
demineralization by dissolving hydroxyapatite crystals. Continuous consumption of these beverages
increases the risk of dental erosion, enamel surface roughness, dentin hypersensitivity, and dental
caries. Clinical studies have shown that the erosive potential of many energy drinks is greater than
that of conventional carbonated soft drinks. Repeated acid exposure weakens the enamel surface and
accelerates mechanical wear during mastication and tooth brushing. In addition, the high sugar
content of these beverages supports bacterial growth and acid production, further increasing the risk
of carious lesions. Experimental investigatiofis-have démenstrated measurable reductions in enamel
microhardness after repeated immerSion in energy. drinks. These-findings emphasize the importance
of limiting energy drink consumption and implementing preventive.measures to preserve dental hard
tissues and maintain long-term oral health.

Saliva plays a fundamental role“in maintaining oral hemeostasis by, regulating pH, buffering
acids, lubricating oral/tissues; and promoting the remineralization of dental enamel. Frequent
consumption of energy /drinks may alter the physicochemical properties of saliva, including its pH,
buffering capacity, and flow rate. The acidic components of these beverages create a favorable
environment for the growth of acidogenic and aciduric microorganisms while suppressing beneficial
oral bacteria. Such microbial imbalance may increase the risk of dental caries, periodontal diseases,
and oral mucosal disorders. In @addition, high sugar concentrations provide an energy source for
cariogenic bacteria, leading to increased acid production and-enhanced enamel demineralization.
Clinical studies have reported that regular consumption of energy drinks is associated with reduced
salivary buffering capacity and significant changes in the composition-of the oral microbiome.
Therefore, evaluating, the- effects of energy drinks on saliva and joralsmicrobiota is essential for
understanding the mechanisms underlying beverage-related oral diseases and for developing effective
preventive strategies.

Clinical and experimental studies ace essential for-assessing the impact of energy drinks on
oral tissues. Clinical evaluation includes examination of the oral mucosa, assessment of dental
erosion, measurement of salivary pH; .and determination: of oral hygiene status. Experimental
investigations are commonly perfornied.using extracted human teeth or enamel specimens exposed
to different energy drinks under controlled laboratory conditions. Changes in enamel microhardness,
surface roughness, mineral loss, and structural integrity are evaluated using modern analytical
techniques. Histological and microscopic examinations may also be used to identify alterations in
oral soft tissues following prolonged exposure to acidic beverages. The combination of clinical
observations and laboratory findings provides comprehensive information regarding the biological
effects of energy drinks and contributes to evidence-based recommendations for dental practice. Such
studies are important for identifying individuals at increased risk of oral diseases and for improving
preventive and therapeutic strategies.

Prevention remains the most effective strategy for reducing the harmful effects of energy
drinks on oral health. Dental professionals should educate patients, particularly adolescents and
young adults, about the potential risks associated with excessive energy drink consumption. Limiting
the frequency of intake, avoiding prolonged contact of beverages with the teeth, and rinsing the mouth
with water immediately after consumption may reduce acid exposure. The regular use of fluoride-
containing toothpaste and professional fluoride applications can enhance enamel remineralization and
improve resistance to acid erosion. Maintaining good oral hygiene and attending regular dental
examinations are also important preventive measures. Recent advances in preventive dentistry,
including biomimetic remineralization agents, calcium-phosphate technologies, and minimally
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invasive treatment approaches, provide new opportunities for protecting dental hard tissues from
erosive damage. A multidisciplinary approach combining patient education, dietary counseling, and
preventive dental care is essential for preserving oral health and minimizing the adverse effects of
energy drinks.

Results

A total of 80 participants were included in this clinical and experimental study. The
participants were divided into a study group consisting of regular energy drink consumers and a
control group comprising individuals who consumed energy drinks rarely or not at all. Clinical
examination demonstrated that regular consumers exhibited more pronounced oral alterations than
the control group. The most common findings included early dental enamel erosion, increased tooth
hypersensitivity, reduced enamel surface gloss, gingival irritation, and complaints of oral dryness.
Assessment of oral health parameters_revealed that frequent consumption of energy drinks was
associated with unfavorable chang€s«in the oral environment~Salivary analysis demonstrated a
decrease in salivary pH and buffeting capacity after the intake of energy drinks, creating conditions
that favored enamel deminetalization: In addition; regular consumers showed greater dental plaque
accumulation and poorer oral hygiene status compared with the conttol group, indicating an increased
risk of dental caries and'periodontal disorders,

The experimental investigationi confirmed the clinical findings. Enamel specimens repeatedly
immersed in energy’ drinks exhibited progressive structural alterations: Microscopic evaluation
revealed partial enamel demineralization, increased surface porosity, itregular surface morphology,
and a noticeable reduction in enamel microhardness. The severity of ‘these changes increased
proportionally with the duration’ and frequency of exposure,.indicating a direct erosive effect of
energy drinks on dental hard tissues: Furthermore, mild inflammatory changes of the oral mucosa
were observed following prolonged expostre "to ‘acidic beverages. These alterations were
characterized by slight erythema, mucosal irritation, and reduced tissue resistance, suggesting that
continuous consumption of energy drinks may adversely affect the physiological condition of the oral
mucosa. The clinical and experimental findings indicate that regular censumption of energy drinks
has a detrimental effect on both the oral mucosa and dental hard tissues: The acidic composition and
high sugar content of these,beverages appear to accelerate’enamel.erosion, alter salivary properties,
and disturb the normal oral environiment. Thesefindings highlight the importance of preventive dental
care, patient education, and reducing excessive consumptionof energy drinks to preserve oral health.

Discussion

The findings of the present study indicate that regular consumption of energy drinks may have
adverse effects on both the oral mucosa and dental hard tissues. Clinical observations demonstrated
that individuals with frequent energy drink intake exhibited a higher prevalence of enamel erosion,
tooth hypersensitivity, and mild inflammatory changes of the oral mucosa. These findings are
consistent with previous studies, which have reported that the acidic composition and high sugar
content of energy drinks contribute significantly to the development of dental erosion and other oral
disorders. The reduction in salivary pH and buffering capacity observed after energy drink
consumption suggests that these beverages disturb the natural protective mechanisms of the oral
cavity. Saliva plays an essential role in maintaining enamel integrity through remineralization and
acid neutralization. Therefore, prolonged exposure to acidic drinks may accelerate enamel
demineralization and increase susceptibility to dental caries. Similar findings have been reported in
recent international studies evaluating the erosive potential of commercially available energy drinks.

The experimental results further support the clinical observations. Repeated exposure of
enamel specimens to energy drinks resulted in progressive surface demineralization, increased
porosity, and reduced enamel microhardness. These structural alterations confirm the erosive effect
of acidic beverages and demonstrate that both the duration and frequency of exposure influence the
severity of enamel damage.
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In addition to dental hard tissue changes, mild inflammatory alterations of the oral mucosa
were identified among regular energy drink consumers. Continuous exposure to acidic components
may impair epithelial integrity and reduce the protective capacity of the oral mucosa, increasing its
susceptibility to irritation and inflammation. These findings emphasize that the harmful effects of
energy drinks extend beyond enamel erosion and involve multiple oral tissues. Despite these findings,
the present study has several limitations. The sample size was relatively limited, and longer follow-
up periods would provide more comprehensive information regarding the long-term effects of energy
drink consumption on oral health. Future multicenter studies involving larger populations and
advanced laboratory investigations are recommended to further clarify the biological mechanisms
responsible for beverage-induced oral tissue damage. The present findings support the growing body
of evidence indicating that excessive consumption of energy drinks is an important risk factor for oral
diseases. Increasing public awareness,~promoting healthy dietary habits, and implementing
preventive dental measures may help reduce the negative impact-of these beverages on oral health.

Conclusion

The present clinical/and experimental-evaluation demonstrates that regular consumption of
energy drinks may have harmful effects on both.the oral mucosa and dental hard tissues. Frequent
exposure to these beyerages  contributes to’ dental enamel “demineralization, increased tooth
hypersensitivity, alterations m salivary pH and buffering capacity, and mild inflammatory changes of
the oral mucosa. The/experimental findings further confirm the erosive potential of energy drinks by
demonstrating progressive striictural damage and reduced enamel microhardness following repeated
exposure. These findings emphasize that theracidic'composition and high“sugar content of energy
drinks are important risk factors for.the development of .oral diseases. Therefore, limiting the
consumption of energy drinks, maintaining proper oral hygiene; and implementing preventive dental
measures are essential for preserving oral health: Further large-scale clinical and experimental studies
are recommended to' better understand the long-term effects of energy drinks on oral tissues and to
develop effective evidence-based preventive strategies.
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