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Abstract:

Obesity and dental caries are two of the most common chronic health problems affecting people of all
age groups across the world. In recent years, increasing attention has been given to the possible
relationship between body weight and oral health. Although obesity and dental caries are distinct
conditions, they share several common risk factors, including unhealthy dietary habits, frequent
consumption of sugary foods and beverages, physical inactivity, and poor lifestyle practices. Obesity
may further compromise oral health by altering salivary composition, increasing inflammation, and
negatively influencing routine health behaviours. Many studies have explored this association;
however, the findings remain controversial, with some reporting a positive relationship while others
show little or no association. This review article aims to discuss the link between obesity and dental
caries, explain the possible mechanisms linking the two conditions, and emphasise preventive strategies
based on a common risk-factor approach.

Keywords: Obesity, Dental Caries, Sugar Consumption, Oral Health, Body Mass Index, Common Risk
Factor Approach.

Introduction

Obesity has evolved into a major global health adipose tissue to such an extent that it
threat, reaching epidemic proportions across deteriorates the quality of life of the affected
both developed and developing nations (1). individual. Childhood obesity has shown a
Obesity is defined as the accumulation of fat in positive association with general physical,
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dental, and mental health. It is also associated
with many other comorbidities (2, 3).
Recognised by the World Health Organisation
(WHO) as a major public health concern, obesity
is currently considered one of the leading causes
of mortality worldwide (4,5). Obesity is a
multifactorial disease associated with dietary
habits, sedentary lifestyles, socio-economic
factors, and genetic and environmental factors
(6,7). Since diet is the only modifiable factor for
both obesity and dental caries, efforts have been
taken to use it for intervention and control of
both obesity and dental caries. Childhood
obesity is very likely to progress into adulthood,
and parameters such as Body Mass Index (BMI),
Bioelectric Impedance Analysis (BIA), and
anthropometric measurements such as waist
circumference and body fat ratio are used in the
analysis. BMI has been extensively used in
screening and epidemiological surveys and has
yielded reliable results for categorising obesity.
BMI is defined as a body fat measurement based
on an individual's height and weight (8). BMI
calculators are readily available on online
platforms and can be accessed freely.
Nowadays, body fat percentage is considered
more reliable for categorising males and females
as obese or non-obese (9).

Chronic  conditions like diabetes and
cardiovascular diseases, which are closely
related to obesity, are the leading causes of death
worldwide. (10-14). Type II diabetes is
significantly related to obesity, and both are
serious public health threats according to the
latest reports by the WHO in 2021 & 2022. (15).
Metabolic disorders, hyperlipidemia, insulin
resistance, certain types of cancers, infertility
issues, osteoarthritis, along with dental caries
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and xerostomia, are closely related to obesity.
(16-19). Salivary glands are severely affected by
obesity, compromising salivary flow, and
enzymes alter the oral microflora, thereby
leading to increased dental caries due to reduced
salivary flow and increased microflora (20-23).
In obese people, decreased salivary gland weight
reduces the concentrations of sialic acids,
phosphoperoxidases, and even salivary
immunoglobulins, = which are  positively
correlated with increased dental caries. (24)

It was in 1634 that the term dental caries was
first used in the literature. The term dental caries
is a symbolic term for holes in the teeth (25).
Dental caries is a prime cause of oral pain. It is
the destruction and dissolution of dental hard
tissues due to a disruption of the equilibrium
between acidogenic bacteria and sugar
substitutes, mainly sucrose. It can initially
appear as a white spot lesion, which can progress
to deep cavitation and cause severe oral and
dental pain.

The primary causative agent of dental caries is
Streptococcus mutans, a gram-positive coccus
and facultative anaerobe. The cariogenic
streptococcal strains are not found when there
are no primary teeth, nor after the extraction of
all the permanent teeth.

The primary causative agents of dental caries are
the Streptococcus group of microorganisms and
Lactobacillus, except Lactobacillus fermentum
and Lactobacillus  lactis. The  major
streptococcal strains implicated in dental caries
are Streptococcus salivarius, Streptococcus
mitis, Streptococcus oralis, and Streptococcus
sanguis.

Table 1. Localisation of Cariogenic Microflora

Type of Caries

Predominant Microorganisms

Pit and fissure caries
Actinomyces spp.

Streptococcus mutans, Streptococcus sanguinis, Lactobacillus spp.,

Smooth surface caries

Streptococcus mutans, Streptococcus salivarius

Root caries

Actinomyces viscosus, Actinomyces naeslundii, Streptococcus mutans,
Streptococcus sanguinis

Deep dentinal caries

Lactobacillus spp., Actinomyces naeslundii
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Table 2. Types of Dental Caries

Type of Caries Description

caries

Incipient caries / Primary | A carious lesion is present on a tooth surface with no previous history
of decay or restoration.

caries

Recurrent / Secondary | Caries occurring adjacent to an existing restoration or previously
treated tooth surface.

Arrested caries

remineralisation.

A non-progressive lesion in which demineralisation has ceased due to

Table 3. Classification of Dental Caries Based on Location (G.V. Black)

Classification | Description

Class I Caries involving the pits and fissures of teeth.

Class 11 Carious lesions involving the proximal surfaces of posterior teeth.

Class I1I Caries involving the proximal surfaces of anterior teeth without extension to the
incisal edge.

Class IV Caries involving the proximal surfaces of anterior teeth with extension to the incisal
edge.

Class V Lesions located on the cervical (gingival) third of the facial or lingual surfaces of
teeth.

Class VI Lesions involving the incisal edges of anterior teeth or cusp tips of posterior teeth.

According to the World Health Organisation
(WHO) 2024 report, obesity has emerged as a
major global public health concern. In 2022,
approximately one out of every eight individuals
worldwide was affected by obesity. The
prevalence of obesity among adults has doubled
over the years, while adolescent obesity has

increased nearly fourfold. Globally, around 43%
of adults aged 18 years and above were
classified as overweight, of which nearly 16%
were obese. In addition, a significant proportion
of children were affected, with approximately
30% of children under 5 years of age reported to
be overweight worldwide.

Table 4. WHO Classification of Obesity

BMI Category Body Mass Index (kg/m?) Risk Level
Underweight <18.5 Low
Healthy weight 18.5-24.9 Average
Overweight >25.0 Increased
Pre-obesity 25.0-29.9 Increased
Obesity Class I 30.0-34.9 Moderate
Obesity Class 11 35.0-39.9 Severe
Obesity Class 111 >40.0 Very severe

Note: BMI = Body Mass Index; kg/m? = kilograms per square meter.

Etiopathology of dental caries
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e Tooth morphology (pits,
fissures, smooth surfaces)
¢ Enamel composition
and strength

Salivary pellicle

° Amount and frequency
of sugar intake

* Type of carbohydrates
(fermentable sugars)

Dietary habits

Dental
caries
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* Microorganisms in dental
plaque
¢ Acid production

* Plaque quantity
and retention

e Duration of plaque-tooth
sugar interaction

¢ Frequency of sugar
exposure

e Time available for
acid attack

Figure 1. Dental caries is a multifactorial disease of the oral cavity that affects almost everyone
at some point in their lifetime.

Dental Plaque

Dental plaque is the primary niche for cariogenic
microorganisms and forms a structured biofilm
on the tooth surface, harbouring numerous
microbial species. It has been reported that one
gram of dental plaque may contain
approximately 10" bacteria (30). In addition to
microorganisms, dental plaque also contains
food debris and viruses (31,32). Frequent
consumption of sticky and sugary foods
promotes plaque accumulation and increases
bacterial concentration, which may
subsequently mineralise into calculus that is
difficult to remove by routine brushing.
Increased sugar intake enhances bacterial
growth, as oral microorganisms utilise
fermentable  carbohydrates  for  energy
production. Along with Streptococcus spp.,
other bacteria such as Prevotella spp. and
Veillonella spp. have also been associated with
the cariogenic process (33-36). However,
certain studies have suggested that dental caries
may progress even in the absence of
Streptococcus mutans (37).

Deep pits and fissures on tooth surfaces favour
the retention of food particles and

microorganisms, making plaque removal
difficult and thereby accelerating the cariogenic
process. Newly erupted teeth are particularly
susceptible to dental caries because of
incomplete enamel maturation and reduced
mineralisation.

Frequent  consumption of  fermentable
carbohydrates,  particularly  sucrose, s
considered a major etiological factor in dental
caries. Repeated intake of sugary foods and
beverages, especially between meals, lowers the
oral pH and increases the duration of acid attacks
on the tooth surface, as explained by Stephan’s
curve. This acidic environment promotes enamel
demineralisation and enhances cariogenic
activity.

The duration and frequency of exposure to
sticky fermentable carbohydrates, along with the
continuous interaction between tooth surfaces,
microorganisms, and dietary sugars, contribute
to the progression of dental caries. Over time,
repeated cycles of demineralisation may lead to
the transition of non-cavitated lesions into
cavitated lesions, resulting in irreversible tooth
destruction.
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0 Hyposalivation

® Reduced salivary flow
reduces the plaque
cleaning efficiency.

hypomineralization.

o Seen frequently in elderly
and patients undergoing
radiotherapy for oral
malignant lesions.32)
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Figure 2. Factors contributing to dental caries include sugar intake, orthodontic plaque
retention, and hyposalivation.

Etiopathology of Obesity

The pathogenesis of obesity is a complex,
multifactorial process involving interactions
among genetic, environmental, behavioural, and
psychosocial factors (38). According to the
World Health Organisation, 2025 data, more
than 160 million children worldwide are affected
by obesity (39). In India, the prevalence of
obesity has increased considerably due to rapid
urbanisation, increased consumption of junk and
street foods, reduced physical activity, and
sedentary lifestyles.

Genetic Factors: Obesity may result from
several genetic influences and is broadly
classified into monogenic, polygenic, and
syndromic obesity. Monogenic obesity results
from mutations or defects in a single gene. It is
often associated with excessive appetite and
obesity that begin at an early age, usually
between 3 and 5 years: polygenic obesity, the
most common type, results from the interaction
of multiple genes with environmental factors.
Syndromic  obesity is associated with
developmental and genetic disorders such as
Prader—Willi syndrome.

Leptin—Melanocortin Pathway: Leptin is an
appetite-regulating hormone secreted primarily
by adipose tissue. In obesity, excessive leptin
secretion may lead to leptin resistance,

impairing satiety signalling. Consequently,
affected individuals continue to experience
hunger despite adequate energy stores, leading
to excessive food intake and weight gain.

Hypothalamic  Obesity:  Structural or
functional alterations involving the
ventromedial and arcuate nuclei of the
hypothalamus may contribute to hypothalamic
obesity. Hypothalamic tumours and their
treatment can disrupt appetite regulation, energy
expenditure, and metabolic control, thereby
promoting obesity.

Physical Inactivity: Physical inactivity is a
major contributor to obesity. Prolonged sitting,
dependence on passive modes of transport,
excessive caloric intake, and lack of regular
exercise contribute to metabolic dysfunction,
increased insulin resistance, chronic low-grade
inflammation, and reduced mitochondrial
activity in muscle tissue, ultimately resulting in
weight gain (40).

Drug-Induced Obesity: Certain medications,
including antidepressants, antidiabetic drugs,
antipsychotics, and corticosteroids, may
contribute to obesity. These drugs can alter
dopamine and serotonin levels, increase insulin
secretion, enhance glucose absorption, and
disturb metabolic regulation, thereby promoting
weight gain.
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Socioeconomic Status: Obesity has been
observed more frequently among individuals
belonging to higher socioeconomic groups
compared to lower-income populations. Factors
such as sedentary lifestyle, increased
consumption of high-calorie diets, and reduced
physical activity contribute significantly to this
trend (41).

Correlation Between Obesity and Dental
Caries

Dietary Mechanism: High consumption of
fermentable carbohydrates increases the
availability of substrates for cariogenic
microorganisms such as Streptococcus mutans
and Lactobacillus spp. These microorganisms
produce acids that lower the pH of the oral
environment and promote enamel
demineralisation. Simultaneously, diets rich in
carbohydrates, sugars, and fats contribute to
positive energy balance and adipose tissue
accumulation, thereby increasing the risk of
obesity.

Altered Salivary Flow: Childhood obesity has
been associated with reduced stimulated salivary
flow, which is strongly linked to dental caries
(42). Saliva normally protects the oral cavity by
buffering acids, maintaining oral pH, and
inhibiting microbial growth. However, obese
children often exhibit hyposalivation, lower
salivary pH, and reduced buffering capacity
(43). Obesity-induced systemic inflammation
and pro-inflammatory cytokines may alter the
hypothalamic—pituitary—adrenal axis, thereby
affecting salivary gland function and increasing
susceptibility to dental caries.

Inflammatory Response: Individuals with
obesity commonly exhibit persistent low-grade
systemic inflammation. Elevated levels of
inflammatory mediators, particularly Tumour
Necrosis Factor-alpha (TNF-a), have been
strongly associated with obesity. Studies have
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shown that increased salivary TNF-a levels
correlate with a greater number of decayed tooth
surfaces, suggesting that obesity may intensify
the inflammatory response associated with early
childhood caries and worsen oral disease
progression when both conditions coexist
(44,45).

Prevention and Health Promotion

The Common Risk Factor Approach (CRFA),
proposed by Aubrey Sheiham and Richard G.
Watt in 2000, emphasises the importance of
targeting shared behavioural and environmental
determinants to prevent multiple chronic
diseases simultaneously. Since obesity and
dental caries share several risk factors, this
integrated strategy provides an effective
framework for improving both general and oral
health outcomes. The approach focuses on
reducing free sugar consumption, promoting
healthy dietary habits, encouraging regular
physical activity, improving oral hygiene
practices, increasing oral health awareness, and
scheduling routine dental consultations. By
addressing these modifiable risk factors
collectively, the CRFA can significantly reduce
the burden of both obesity and dental caries at
the individual and community levels (48).

Dietary counselling plays an important role in
the prevention and management of dental caries
and obesity. It involves limiting sugary snacks
and beverages, encouraging fruit and vegetable
intake, promoting balanced nutritional habits,
and avoiding frequent snacking between meals.
These measures help reduce acid production by
cariogenic microorganisms and support overall
oral and systemic health. Before initiating
dietary counselling, effective control of
contributing factors such as dental plaque is
essential, as it enhances the overall effectiveness
of preventive strategies and improves oral health
outcomes (46).
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Table S. Preventive Strategies for Dental Caries

Target Intervention

Plaque control . Use of fluoridated toothpaste
* Maintenance of regular brushing and flossing habits
* Use of antimicrobial mouth rinses

Dietary  habits /  Sugar |+ Limiting the intake of sugary foods and beverages

consumption * Reduction in the frequency of sugar exposure
* Stimulation of salivary flow

Tooth morphology and enamel | » Application of remineralising agents

protection . Topical fluoride therapy
. Professional fluoride varnish application
* Placement of pit and fissure sealants

Physical Activity: The World Health
Organisation recommends that children and
adolescents engage in at least 60 minutes of
moderate-to-vigorous physical activity daily. In
comparison, adults should perform at least 150
minutes of moderate physical activity per week.
Regular physical activity plays an important role
in maintaining overall health, preventing
obesity, and improving quality of life.
Recommended activities include walking,
jogging, cycling, swimming, outdoor sports,
yoga, stretching exercises, and school-based
physical activities (47).

Oral Health Education: Effective oral health
education also plays a vital role in preventing
dental diseases and promoting lifelong healthy
habits. Important oral hygiene practices include
brushing teeth twice daily with fluoridated
toothpaste, using proper toothbrushing
techniques, daily use of dental floss or other
interdental cleaning aids, routine tongue
cleaning, and rinsing the mouth after meals to
reduce food debris accumulation. In addition,
regular dental check-ups and professional oral
prophylaxis are essential for maintaining
optimal oral health and preventing the
progression of dental diseases.

Conclusion

The rapidly increasing prevalence of obesity
and dental caries highlights the urgent need to
adopt a comprehensive approach that integrates
general and oral health promotion. The growing
dependence on processed foods and sugar-
sweetened  beverages  has  contributed

significantly to the rise of both obesity and
dental caries, especially among children and
adolescents. Prevention of these conditions
should focus on promoting healthier lifestyles
from an early age. Limiting sugary foods and
beverages, encouraging balanced nutrition,
promoting physical activity, maintaining good
oral hygiene, and attending regular dental check-
ups can help reduce the risk of both obesity and
dental caries. In addition, oral health education
initiatives in schools and communities can play
an important role in raising awareness of healthy
dietary behaviours and preventive oral care
practices.

Acknowledgements: None
Ethical issues: None
References

1. Vardhana B, Satenahalli SB, Aafreen S,
Dhull KS, Gupta E, Kumar A. Evaluation of
the relationship between body mass index,
dental caries, and diet among a group of 6—
12-year-old school-going children. J Pharm
Bioallied Sci. 2023;15:S875-7.

2. Ward ZJ, Bleich SN, Long MW, Gortmaker
SL. Association of body mass index with
health care expenditures in the United States
by age and sex. PLoS  One.
2021;16(3):¢0247307.
doi:10.1371/journal.pone.0247307.

3. World Health Organization. Obesity:
preventing and managing the global
epidemic. Report of a WHO consultation.

247 | Page



Kotak et al.

10.

11.

12.

13.

14.

World Health Organ Tech Rep Ser.
2000;894:i-xii,1-253.

Alm A, Isaksson H, Fahraeus C, Koch G,
Andersson-Gare B, Nilsson M, et al. BMI
status in Swedish children and young adults
in relation to caries prevalence. Swed Dent
J.2011;35(1):1-8.

Tripathi S, Kiran K, Kamala BK.
Relationship between obesity and dental
caries in children: a preliminary study. J Int
Oral Health. 2010;2:65-72.

Spiegel KA, Palmer CA. Childhood dental
caries and childhood obesity: different
problems with overlapping causes. Am J
Dent. 2012;25:59-64.

Mohajeri A, Berg G, Watts A, Cheever VJ,
Hung M. Obesity and dental caries in school
children. J Clin Med. 2024;13:860.

National Heart, Lung, and Blood Institute
BMI Calculator

Burkhauser R, Cawley J. Beyond BMI: the
value of more accurate measures of fatness
and obesity in social science research. J
Health Econ. 2008;27:519-29.

Piepoli MF, Hoes AW, Agewall S, Albus C,
Brotons C, Catapano AL, et al. 2016
European guidelines on cardiovascular
disease prevention in clinical practice. Eur
Heart J. 2016;37:2315-81.

Heymsfield SB, Wadden TA. Mechanisms,
pathophysiology, and management of
obesity. N Engl J Med. 2017;376:254-66.
Cosentino F, Grant PJ, Aboyans V, Bailey
CJ, Ceriello A, Delgado V, et al. 2019 ESC
guidelines on diabetes, pre-diabetes, and
cardiovascular  diseases developed in
collaboration with the EASD. Eur Heart J.
2019;41:255-323.

Yan C, Zeng T, Lee K, Nobis M, Loh K, Gou
L, et al. Peripheral-specific Y1 receptor
antagonism increases thermogenesis and
protects against diet-induced obesity. Nat
Commun. 2021;12:2622.

American Diabetes Association. Prevention
or delay of type 2 diabetes: standards of
medical care in diabetes—2021. Diabetes
Care. 2021;44:S34-9.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Journal of Biomedical and Pharmaceutical Research

Bays HE, McCarthy W, Burridge K, Tondt
J, Karjoo S, Christensen S, et al. Obesity
algorithm 2021. Available from: Obesity
Medicine Association Obesity Algorithm
2021

Rathee M, Sapra A. Dental caries. In:
StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2024. Available from:
NCBI StatPearls Dental Caries
Mathus-Vliegen EM, Nikkel D, Brand HS.
Oral aspects of obesity. Int Dent J.
2007;57:249-56. doi:10.1111/5.1875-
595X.2007.tb00128.x.

Blachnio-Zabieclska AU, Baranowski M,
Hirnle T, Zabielski P, Lewczuk A, Dmitruk
I, et al. Increased bioactive lipid content in
human subcutaneous and epicardial fat
tissue correlates with insulin resistance.
Lipids. 2012;47:1131-41.
doi:10.1007/s11745-012-3722-x.

Kelishadi R, Mortazavi S, Hossein TR,
Poursafa P. Association of cardiometabolic
risk factors and dental caries in a population-
based sample of youths. Diabetol Metab
Syndr. 2010;2:22. doi:10.1186/1758-5996-
2-22.

Touger-Decker R, Mobley CC; American
Dietetic Association. Position of the
American Dietetic Association: oral health
and nutrition. J Am Diet Assoc.
2003;103:615-25.
doi:10.1053/jada.2003.50130.

Barreto Villela N, Braghrolli Neto O, Lima
Curvello K, Eduarda Paneili B, Seal C,
Santos D, et al. Quality of life of obese
patients submitted to bariatric surgery. Nutr
Hosp. 2004;19:367-71.

Saito T, Shimazaki Y, Kiyohara Y, Kato I,
Kubo M, lida M, et al. Relationship between
obesity, glucose tolerance, and periodontal
disease in Japanese women: the Hisayama
study. J Periodontal Res. 2005;40:346-53.
doi:10.1111/5.1600-0765.2005.00813.x.
Flink H, Bergdahl M, Tegelberg A,
Rosenblad A, Lagerlof F. Prevalence of
hyposalivation in relation to general health,
body mass index and remaining teeth in
different age groups of adults. Community

248 | Page


https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmicalc.htm?utm_source=chatgpt.com
https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmicalc.htm?utm_source=chatgpt.com
https://obesitymedicine.org/wp-content/uploads/2021/01/2021-Obesity-Algorithm.pdf?utm_source=chatgpt.com
https://obesitymedicine.org/wp-content/uploads/2021/01/2021-Obesity-Algorithm.pdf?utm_source=chatgpt.com
https://obesitymedicine.org/wp-content/uploads/2021/01/2021-Obesity-Algorithm.pdf?utm_source=chatgpt.com
https://www.ncbi.nlm.nih.gov/books/NBK551699/?utm_source=chatgpt.com

Kotak et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dent Oral Epidemiol. 2008;36:523-31.
doi:10.1111/5.1600-0528.2008.00432.x.
Ueda H, Yagi T, Amitani H, Asakawa A,
Ikeda S, Miyawaki S, et al. The roles of
salivary secretion, brain-gut peptides, and
oral hygiene in obesity. Obes Res Clin Pract.
2013;7:e321-9.

Guaré RO, Ciamponi AL, Santos BRAT,
Gorjao R, Diniz MB. Caries experience and
salivary parameters among overweight
children and adolescents. Dent J. 2013;1:31-
40. doi:10.3390/dj1040031.

Rajendran R, Sivapathasundharam B.
Shafer’s textbook of oral pathology. 5th ed.
Noida: Elsevier; 2006.

Sonis ST. Dental secrets. 3rd ed.
Philadelphia: Hanley & Belfus; 2003. p.130.
James PT, Leach R, Kalamara E, Shayeghi
M. The worldwide obesity epidemic. Obes
Res. 2001;9 Suppl 4:228S-2338.
doi:10.1038/0by.2001.123.

GBD 2019 Risk Factor Collaborators.
Global burden of 87 risk factors in 204
countries and territories, 1990-2019: a
systematic analysis for the Global Burden of
Disease Study 2019. Lancet.
2020;396:1223-49.

Okunogbe A, Nugent R, Spencer G, et al.
Economic impacts of overweight and
obesity. 2nd ed. London: World Obesity
Federation; 2022.

Chaurasia A, Vatsa A. Dental plaque - a
microbial perspective and recent concepts as
a host and guest relation. J Oral Med Oral

Surg  Oral  Pathol Oral  Radiol.
2018;4(2):110-4. doi:10.18231/2395-
6194.2018.0026.

Mark Welch JL, Ramirez-Puebla ST, Borisy
GG. Oral microbiome geography: micron-
scale habitat and niche. Cell Host Microbe.
2020;28(2):160-8.

Anderson AC, Rothballer M, Altenburger
MJ, et al. In-vivo shift of the microbiota in
oral biofilm in response to frequent sucrose
consumption. Sci Rep. 2018;8(1):14202.
Kawada-Matsuo M, Oogai Y, Komatsuzawa
H. Sugar allocation to metabolic pathways is
tightly regulated and affects the virulence of

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Journal of Biomedical and Pharmaceutical Research

Streptococcus mutans. Genes (Basel).
2016;8(1):11.

Marsh PD. Dental plaque as a biofilm and a
microbial community: implications for
health and disease. BMC Oral Health.
2006;6 Suppl 1:S14.

Torlakovic L, Klepac-Ceraj V, Ogaard B,
Cotton SL, Paster BJ, Olsen I. Microbial
community succession on developing
lesions on human enamel. J Oral Microbiol.
2012;4:16125.

Schlafer S, Raarup MK, Meyer RL, et al. pH
landscapes in a novel five-species model of
early dental biofilm. PLoS  One.
2011;6(9):25299.

Campbell K. Oral microbiome findings
challenge dentistry dogma. Nature. 2021.
doi:10.1038/d41586-021-02920-w.
Gonzalez-Muniesa P, Martinez-Gonzalez
MA, Hu FB, Després JP, Matsuzawa Y,
Loos RIJF, et al. Obesity. Nat Rev Dis
Primers. 2017;3:17034.

United Nations Children’s Fund, World
Health Organization, International Bank for
Reconstruction and  Development/The
World Bank. Levels and trends in child
malnutrition: key findings of the 2025
edition of the joint child malnutrition
estimates.  Geneva:  World  Health
Organization; 2025.

Yaribeygi H, Maleki M, Sathyapalan T,
Jamialahmadi T, Sahebkar A.
Pathophysiology of physical inactivity-
dependent insulin resistance: a theoretical
mechanistic review emphasising clinical
evidence. J Diabetes Res. 2021;
2021:7796727. doi:10.1155/2021/7796727.
Masood B, Moorthy M. Causes of obesity: a
review. Clin Med (Lond). 2023;23(4):284-
91. doi:10.7861/clinmed.2023-0168.
Modéer T, Blomberg CC, Wondimu B,
Julihn A, Marcus C. Association between
obesity, flow rate of whole saliva and dental
caries in adolescents. Obesity (Silver
Spring). 2010;18:2367-73.
doi:10.1038/0by.2010.63.

Ain TS, Sultan S, Gowhar O, Ravishankar
TL, Kumar S. Obesity and salivary

249 | Page



Kotak et al.

45.

46.

parameters (flow rate, buffer capacity, and
salivary pH) in children of Moradabad,
India. Int J Sci Study. 2016;4(3):25-9.
Sharma V, Gupta N, Srivastava N, Rana V,
Chandna P, Yadav S, et al. Diagnostic
potential of inflammatory biomarkers in
early childhood caries: a case-control study.
Clin Chim Acta. 2017;471:158-63.

Leme LAFP, Rizzardi KF, Santos IB,
Parisotto TM. Exploring the relationship
between salivary levels of Lactobacillus
acidophilus, Lactobacillus gasseri, obesity,

47.

48.

Journal of Biomedical and Pharmaceutical Research

and caries in early childhood. Pathogens.
2022;11(5):579.
doi:10.3390/pathogens11050579.

Limeback H. Comprehensive preventive
dentistry. Hoboken (NJ): John Wiley &
Sons; 2012.

Sheitham A, Watt RG. The common risk
factor approach: a rational basis for
promoting oral health. Community Dent

Oral  Epidemiol.  2000;28(6):399-406.
doi:10.1034/5.1600-
0528.2000.028006399.x.

250 | Page



