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Abstract

Introduction: The investigation into the interplay be-

tween taste perception and caries experience is not only

relevant from a clinical standpoint but also holds impli-

cations for public health interventions and personalized

oral health care. This systematic review comprehensively

examined and synthesized the existing body of literature

on the differences in caries experience in super- and non-

tasters of PROP (6-n-propylthiouracil).

Methods: An electronic literature search was conducted

on PubMED, EMBASE, OVID, Google Scholar, CEN-

TRAL, and ISI Web of Knowledge. The keywords/

medical subject headings (MeSH) were: (dental caries)

AND ((taste) OR (non-taster) OR (super-taster) OR

(taste sensitivity) OR (taste buds) OR (gustation)) AND

((6-n-propylthiouracil) OR (PROP)). Only prospective

clinical studies that had distinct groups of super-tasters

and non-tasters were included. Meta-analysis of the

standardized mean differences of Decayed, Missing, and

Filled Surfaces (DMFS) and Decayed, Missing, and Fil-

led Teeth (DMFT) indices was carried out as well as a

risk of bias assessment using the JBI tool.

Results: Nine cross-sectional studies were included. In the

majority of studies, non-tasters had a higher rate of dental

caries, which was also evident in the results of the meta-

analysis. However, four studies had a high level of bias.

Conclusion: Within the limitations of this review, it may

be concluded that non-tasters have a higher risk of dental

caries. However, future studies should adjust for vari-

ables such as age, oral hygiene, fluoride intake, and

salivary flow to improve the generalizability of these

observations.
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Introduction

Dental caries, a multifactorial and prevalent oral health
concern, continues to exert a substantial impact on global
public health.1,2 Despite advancements in preventive
strategies and oral healthcare, the prevalence of caries

remains a significant challenge.2 Several factors contribute
to the etiology of dental caries. At the forefront is the
presence of bacteria, particularly Streptococcus mutans, in

the oral environment.3 These bacteria metabolize sugars
from the diet, producing acids that can erode tooth enamel
and initiate cavity formation. Dietary habits play a crucial

role, as a diet high in sugar and carbohydrates provides a
favorable environment for bacterial activity.4 Poor oral
hygiene practices such as infrequent brushing and flossing
allow plaque to accumulate on teeth, contributing to

bacterial colonization on the tooth surface.5 Saliva, with its
role in neutralizing acids and remineralizing enamel, is
essential for oral health, making factors affecting saliva

quality and flow significant contributors to caries.6 Fluoride,
a key element in enamel remineralization, plays a preventive
role, and inadequate exposure can heighten susceptibility.7

Genetics,8 age,9 and systemic health10 are additional factors
influencing the risk of dental caries. To mitigate this risk,
maintaining good oral hygiene, adopting a balanced diet,

limiting sugary food intake, and regular dental check-ups
are crucial practices in preventive dental care.

The DMFS index, which stands for “Decayed, Missing,
and Filled Surfaces,” serves as a crucial tool in dentistry for

assessing the extent and severity of dental caries in both in-
dividuals and populations.11 This index involves the
enumeration of three components: decayed (D), missing

(M), and filled (F) tooth surfaces. The ‘D’ component
represents untreated caries, requiring visual inspection or
diagnostic tools to identify cavities. ‘M’ accounts for

missing surfaces, encompassing teeth lost due to caries or
other reasons. The ‘F’ component denotes filled surfaces,
indicating areas where dental interventions have addressed
caries. The cumulative DMFS score, derived by summing

these three components, offers a numerical representation
of the overall burden of dental caries. Higher DMFS
scores indicate a greater prevalence and severity of caries.

This index is particularly valuable in epidemiological
studies, enabling the monitoring of oral health trends,
planning of interventions, and evaluation of treatment

success. By utilizing DMFS, dental professionals and
public health officials can gain insights into the oral health
status of populations, identify areas of concern, and

implement targeted strategies for improvement.
As mentioned above, sugar intake plays an important role

in the development of dental caries. Recent studies have
indicated that individuals with a high sense of sweet taste may

have a lower rate of dental caries because of a higher
perception and lower threshold of sweet taste than a person
with a lower sense of sweet taste when consuming the same

amount of sugar.12 The human ability to perceive taste is a
complex interplay of genetic, environmental, and
physiological factors. Notably, individuals can be classified

into distinct taste categories, including super sweet tasters,
medium tasters, and non-tasters, based on their responsive-
ness to intense sweetness stimuli.13 6-n-propylthiouracil

(PROP) is a chemical compound commonly employed in
taste perception studies to categorize individuals based on
their sensitivity to bitter tastes.14 This categorization results
in three groups: super-tasters, medium tasters, and non-

tasters. Super-tasters exhibit heightened sensitivity to bitter-
ness, often due to a higher density of taste buds, particularly
on the fungiform papillae of the tongue.15 Consequently,

super-tasters find foods with bitter components, such as
certain vegetables, to be more intense and unpleasant. Me-
dium tasters fall between super-tasters and non-tasters in

terms of sensitivity, with a moderate density of taste buds.
Non-tasters, on the other hand, have lower sensitivity to
bitter tastes, perceiving the bitterness of PROP less intensely
than super-tasters.16 The PROP test involves administering a

small amount of PROP to assess an individual’s response to
the taste. Genetic factors heavily influence PROP sensitivity,
and the inheritance of specific taste receptor genes plays a

crucial role in determining whether an individual falls into
the super-taster, medium taster, or non-taster category.17

The investigation into the interplay between taste

perception and caries experience is not only relevant from a
clinical standpoint but also holds implications for public
health interventions and personalized oral health care. This

systematic review comprehensively examined and synthe-
sized the existing body of literature on the differences in
caries experience, as measured by Decayed, Missing, and
Filled Surfaces (DMFS), between super sweet tasters and

non-tasters. By elucidating the potential associations be-
tween taste perception and caries susceptibility, this review
contributes valuable insights to the broader understanding of

individualized risk factors for dental caries and informs
targeted preventive strategies.

Materials and Methods

Focused question and protocol registration

Following the Participants, Intervention, Control, and

Outcome principal reported in the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA)
guidelines,18 the following focused question was constructed:
‘Do super-tasters and non-tasters of PROP have similar

severity of dental caries, as measured by DMFS scores?’ A
protocol was developed using the PRISMA-Protocol
(PRISMA-P)19 guidelines and was registered on

PROSPERO (Registration No. CRD42023466821).

Literature search methodology

An electronic search was conducted by a medical infor-
mation specialist library on the following databases:
EMBASE, OVID, Google Scholar, International Clinical

Trial Registry Platform, Cochrane CENTRAL, and ISI Web

http://creativecommons.org/licenses/by-nc-nd/4.0/
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of Knowledge. The keywords/medical subject headings
(MeSH) were: (dental caries) AND ((taste) OR (non-taster)

OR (super-taster) OR (taste sensitivity) OR (taste buds) OR
(gustation)) AND ((6-n-propylthiouracil) OR (PROP)).
Since this review aimed to compare the DMFS scores in

super-tasters and non-tasters, only prospective clinical
studies that had to distinct groups of super-tasters and non-
tasters were included. Methodology was restricted to use of

the PROP test and measuring caries severity by mean DMFS
scores. There was no language restriction. Reviews, confer-
ence abstracts, case reports, retrospective studies, opinion
pieces, and letters to the editors were excluded. Any articles

not in English or Arabic (native languages of the reviewers)
were translated using the machine learning features of
Google Translate to ensure the comprehensive inclusion of

diverse populations and perspectives. The search was con-
ducted on September 15, 2024.

Screening and study selection

Following the completion of the preliminary literature
search, two investigators screened the articles in two phases.

In the first phase, the records were screened according to
titles and abstracts. Any records not meeting the selection
criteria were excluded. In the second phase, full texts of any
potentially eligible articles were downloaded and read

comprehensively to adjudicate eligibility. Of these full texts,
the studies strictly meeting the inclusion criteria were
included in this review. Any disagreements between the re-

viewers were solved by discussion.

Data extraction

The entire data extraction process was caried out by two
reviewers independently. Data extraction forms were created
on Microsoft Excel with categories corresponding to data

intended to be collected. Prior to data extraction, a pilot
exercise using a sample of included studies was carried to
identify any missing data categories. The following general
characteristics were extracted from each study: number of

patients, subgroups, ethnic groups, sex, age, caries, and oral
health assessments carried out. Descriptive outcomes were
extracted for all studies. From studies that had sufficient and

similar outcome measurements, mean DMFS values recor-
ded among non-tasters and super-tasters were extracted and
pooled for meta-analysis.

Meta-analysis

Continuous data (standardized mean) values of DMFS

scores recorded among super- and non-tasters were extracted
and pooled using a random-effects model in RevMan 5.4
(Cochrane). Heterogeneity of the outcomes was calculated
using I2 statistic. Overall results were considered were sta-

tistically significant at P < 0.05.

Risk of bias assessment

Based on the type of studies included, the risk of bias in
each study was assessed using JBI’s Critical Appraisal
Checklist for Analytical Cross Sectional Studies.20 Briefly,
this checklist appraises cross-sectional studies across the
following domains: inclusion criteria, description of subjects

and setting, validity of exposure measurement, measurement
of the condition, identification and handling of confounding
factors, measurement of outcomes, and statistical analyses.

Results

Results of literature search

Initial search resulted in 1259 records, of which 35 were
duplicates. Thus, titles and abstracts of 1224 records were
considered for eligibility. After exclusion of 1208 irrelevant

records, full-texts of 16 articles were downloaded for
screening.21e36 Of these, seven articles excluded because of
reasons specified in Tables.21e27 Therefore, nine cross-
sectional studies were included in this review for

quantitative and qualitative synthesis.28e36 The excluded
studies and reason for exclusion are given in Table 1 and
the search process is illustrated in Figure 1.

General characteristics of included studies

All include studies were analytical cross-sectional studies in

which DMFS and/or DMFT was measured in super-tasters
and non-tasters of PROP.28e36 Number of included patients
ranged from 100 to 600.28e36 In eight studies, subgroups of

non-tasters, medium tasters, and super-tasters of PROP were
analyzed,28e31,33e36 while in one study, only non-tasters and
super-tasters were compared.32 In one study, caries were
compared between non-tasters, medium tasters, and super-

tasters with patients with early childhood caries (ECC).33

Ethnicity information of patients was provided in only study,
which included 82.2 % Hispanic, 1.4 % Black, Asian 2.67 %,

and 1.3 % white patients among its 150 participants.28 Sex
information was reported in seven studies,28e36 which
reported between 45 % and 57 % of the included population

as females. DMFS was reported in eight studies.28e31,33e36

Additionally, five studies also measured DMFT scores.30e
32,34,35 Of the nine studies included, one study did not report
standard deviations or confidence intervals and hence was

excluded from the meta-analysis.29 All studies were selected
for descriptive synthesis.28e36 The general characteristics of
the studies are provided in Table 2.

Overall outcomes of the studies

In seven of nine studies, there was a statistically signifi-

cantly lesser DMFS and/or DMFT scores in the super-
tasters and non-tasters of PROP.28e31,33e36 In one study, the
DMFT scores were lower in the super-tasters than non-

tasters, but the difference was not statistically significant.32

In one study, although lower DMFS values were recorded
in super-tasters, no statistical analysis was conducted.28

The overall outcomes of the studies are provided in Table 2.

Results of the meta-analysis

Overall, results of analysis of the pooled DMFS values in
super-tasters and non-tasters revealed a statistically signifi-

cant lower DMFS scores in the super-tasters (P ¼ 0.002) but
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with thigh heterogeneity (I2¼ 77%) (Figure 2).However, this
difference was more pronounced when DMFTwas measured

(P ¼ 0.00001) and less heterogeneous (I2 ¼ 35 %) (Figure 3).

Results of the risk of bias assessment

Three studies were graded as having a low level of
bias,28,35,36 two studies were graded as moderate,30,31 and
Figure 1: PRISMA flow chart of the sear

Table 1: List of excluded studies and reasons.

Excluded study (author, year) Reason for exclusion

Furquim et al.21 PROP not used

Marquezin et al.22 Wrong outcomes

Ashi et al., 2017a24 PROP not used

Ashi et al., 2017b23 PROP not used

Ashi et al., 201925 PROP not used

Jurczak et al., 202026 PROP not used/wrong

outcomes

Selvaraju et al., 202227 PROP not used

PROP ¼ 6-n-propylthiouracil.
four studies were deemed as having a high level of
bias.29,32e34 The detailed results of the risk of bias

assessment are presented in Table 3.

Discussion

Several studies have explored the correlation between the
PROP non-tasting status and DMFS scores, presenting a
diverse array of methodologies and participant de-

mographics.29e36 These studies conducted cross-sectional
analyses involving sizable cohorts of participants, examining
their PROP taste perception and correlating them with

DMFS and DMFT scores. In six of eight studies analyzed in
this review,28e31,33e36 a statistically significant association
between PROP non-tasting and elevated DMFS and

DMFT scores, suggesting a potential predisposition for
increased caries susceptibility among individuals with reduced
taste sensitivity. This was most likely due to the reduced

threshold for sweet taste in non-tasters leading to lesser sugar
intake.21 Nonetheless, research indicates that taste perception
is a combination of genetic and physiochemical factors.37
ch process employed for this review.



Table 2: General characteristics and descriptive outcomes of the included studies.

Study (author,

year)

Country Patients

(n)

Sub-groups (n) Ethnic groups Female (n, %) Age (years; mean� SD;

median (range))

Caries and OH

assessments

Overall outcomes

Lin, 2003 USA 150 Non-tasters (n¼ 16)

Medium tasters

(n ¼ 87)

Super-tasters

(n ¼ 47)

Hispanic:

82.2 %

Black: 14 %

Asian: 2.67 %

White: 1.3 %

n ¼ 68, 45.33 % Non-tasters: 8 � 2.0 (6

e11)

Medium tasters: 9� 1.9

(6e12)

Super-tasters: 9� 2.0 (6

e12)

dmfs/DMFS,

OHIeS

Non-tasters had (18.19� 13.3)

had higher DMFS (P < 0.001)

than super- tasters

(1.00 � 1.7). DMFS was

higher in non-tasters than in

medium tasters (8.87 � 10.6).

Taste was the only

independent variable

significantly related to overall

caries experience (P < 0.0001)

Rupesh et al.,

2006

India 340 Non-tasters (n¼ 63)

Medium tasters

(n ¼ 168)

Super tasters

(n ¼ 109)

NR n ¼ 152 (45 %) Non-tasters:

7.98 � 1.62 (6e12)

Medium tasters:

9.05 � 1.88 (6e12)

Super-tasters:

8.17 � 1.95 (6e12)

DMFS/dmfs Super-tasters (4.00� 5.30) had

a significantly lesser DMFS

score compared to non-tasters

(13.94 � 10.51) (P < 0.001)

Hegde and

Sharma, 2008

India 500 Non-tasters

(n ¼ 130)

Medium tasters

(n ¼ 190)

Supertasters

(n ¼ 180)

NR n ¼ 245 (49 %) 8e12 years DMFS/Dfs Non-taster children had higher

DMFS (3.63; SD ¼ NA) score

than medium (1.92; SD ¼NA)

and super-tasters (1.06; SD ¼
NA). Statistical significance

and standard deviations not

reported.

Oter et al., 2011 Turkey 120 Super-tasters

(n ¼ 26)

Medium tasters

(n ¼ 65)

Non-tasters (n¼ 29)

(Numbers calculate

from percentages)

NR NR 9.97 � 1.59 (7e12

years)

DMFS, DMFT Lower DMFS and DMFT

scores in super-tasters

(DMFS: 2.15 � 3.27; DMFT:

1.46 � 1.73) than medium

tasters (DMFS: 2.62 � 3.7;

DMFT: 1.78 � 1.86) and non-

tasters (DMFS: 5.76 � 7.04;

DMFT: 3.2 � 82.61)

(P < 0.01)

Jyothirmai et al.,

2011

India 200 Super-tasters (n¼ 8)

Medium tasters

(n ¼ 70)

Non-tasters

(n ¼ 122)

NR 100 (50 %) 15 years DMFS, DMFT Lower DMFS and DMFT

scores in super-tasters

(DMFS: 1.50 � 0.55) than

medium- (DMFS: 2.95� 1.62)

and non-tasters (DMFS:

3.55 � 2.19) (P < 0.001)

Shetty et al.,

2014

India 100 Super tasters

(n ¼ 27)

Medium tasters

(n ¼ 65)

Non tasters (n ¼ 8)

NR NR 6e14 years DMFT,

Streptococcus

mutans, dietary

habits

Permanent dentition: Super

tasters andmedium tasters had

a mean DMFT value of 0.259

and 1.349, respectively,

whereas the non-tasters had a

value of 2.625 (P < 0.001).

Mixed dentition: The mean dft
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values were 0 and 0.184 for

super

Tasters and medium tasters,

respectively,

Whereas for non-tasters, a

much higher

Value of 5.125 was observed

(P < 0.001).

SD values not reported.

Karmakar et al.,

2016

India 600 Super-tasters

(n ¼ 209)

Medium tasters

(n ¼ 187)

Non-tasters

(n ¼ 204)

NR n ¼ 317 (53 %) 6e12 years DMFT Non-tasters (DMFS:

2.53 � 2.223) had a greater

caries experience than the

supertasters (0.57 � 1.032)

(P < 0.001). Females were

found to be more tasters than

nontasters, who also had

higher rate of active caries.

Lakshmi et al.,

2016

India 500 Non-tasters

(n ¼ 251)

Super tasters

(n ¼ 249)

NR n ¼ 241 (60 %) 6e14 years DMFT Higher DMFT reported in

non-tasters (DMFS: 1.7 � 0.4)

and super tasters (DMFS:

1.1 � 0.8)

Nellamakkada

et al., 2017

India 160 Non-tasters: n ¼ 57

Medium taster:

n ¼ 59

Supertaster: n ¼ 44

(With and without

early childhood

caries)

NR n ¼ 91 (57 %) 3e5 years DMFS Non-tasters (DMFS:

8.56� 6.31) had a significantly

higher DMFS score compared

to super-tasters (DMFS:

0.80 � 2.31) and medium

tasters (DMFS: 2.39 � 3.92)

(P < 0.001)
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Furthermore, using taste sensitivity methods other than
PROP has also revealed that there is a higher caries rate in

non-tasters than super-tasters.23e25 We excluded these
studies because of methodological differences from our
inclusion criteria but they are important observations that

should be considered when synthesizing evidence concerning
taste perception and caries rates.

However, it is crucial to acknowledge the nuances

inherent in the methodologies employed across these
studies.29e36 This was reflected in the relatively high I2

statistic result in the meta-analysis on middle fossa decom-
pression (MFDS). Variability in sample sizes, participant

demographics, and the specific protocols for assessing both
taste perception and dental caries can contribute to divergent
findings. Addressing these methodological considerations is

paramount in drawing robust conclusions and establishing a
comprehensive understanding of the observed association.
While the association between PROP non-tasting and

increased DMFS scores is becoming increasingly apparent,
the underlying mechanisms remain an area of active explo-
ration. One proposed mechanism centers around altered di-
etary preferences and oral hygiene practices among PROP

non-tasters, potentially influencing their susceptibility to
caries. Additionally, emerging evidence suggests that taste
receptor genetic variations linked to PROP non-tasting may

play a direct role in modulating oral microbiota composi-
tion, further impacting caries development.17,38

The implications of this association extend beyond the

realms of academic inquiry, with potential ramifications for
personalized dental care. If indeed PROP non-tasters exhibit
a heightened risk for dental caries, clinicians may need to

adapt preventive strategies, emphasizing tailored in-
terventions such as increased surveillance, personalized di-
etary recommendations, and targeted oral hygiene regimens.
Nevertheless, our risk of bias assessment revealed a number

of methodological deficiencies in the studies. The majority of
the studies did not account for or adjusted for confounding
factors. Socioeconomic status plays a crucial role, as in-

dividuals with lower socioeconomic status may face barriers
Figure 3: Forest Plot of the meta-analysis of DMFT

Figure 2: Forest Plot of the meta-analysis of DMFS sco
to dental care access, exhibit limited oral health education,
and experience overall health disparities, all of which can

contribute to higher rates of dental caries.39 Dietary habits,
particularly those rich in sugars and carbohydrates,
significantly influence the development of caries, while

inconsistent or inadequate oral hygiene practices, such as
irregular brushing and flossing, contribute to their
progression.40 The presence of fluoride in drinking water

and oral care products,41 as well as genetic factors,42 can
further impact dental caries measurements in populations.
Researchers must carefully account for these confounding
factors when investigating dental caries to ensure that

observed associations accurately reflect the true
relationships between exposures and outcomes. The
majority of the included studies did not describe the

baseline characteristics of included patients in adequate
detail. Therefore, it was not possible to ascertain if the
groups were comparable at baseline, reducing the

generalizability of the results.
There have been a number of reasons proposed for the

higher caries observed in non-tasters. Genetically, it is
because of the variations in the taste 2 receptor member 3

gene, which encodes for taste receptors on the tongue.43

Because non-tasters have a higher threshold for sweet taste,
they require a larger intake of sugars to accomplish the

same taste perception as medium tasters and super-tasters,
leading to higher numbers of cariogenic bacteria such as S.
mutans. Indeed, chairside PROP tests could serve as a valu-

able tool for dental practitioners and hygienists, enabling
them to develop personalized treatment plans tailored to
each patient’s unique taste sensitivity and caries risk

profile.30,44

Despite the compelling nature of the existing evidence, it
is imperative to acknowledge the limitations within the cur-
rent body of research. Indeed, this systematic review has a

number of limitations. First, because they were used across
multiple studies, we focused on DMFS and DMFT as main
outcomes. There are other measures of dental caries that

have been introduced (e.g., International Caries Detection
scores in super- and non-tasters. Lower is better.

res in super-tasters and non-tasters. Lower is better.
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and Assessment System).45 Once multiple studies have
compared these indices in non-tasters and super-tasters,

systematic reviews could include these as outcomes to
generate evidence. Longitudinal studies, encompassing
diverse populations and employing standardized methodol-

ogies, are also warranted to validate the observed associa-
tions and provide a more nuanced understanding of the
dynamics between PROP non-tasting and DMFS scores.

Additionally, a constraint of the DMF index lies in its equal
weighting of decayed and well-restored teeth. The index
follows specific rules for scoring individual teeth or surfaces.
Each tooth (DMFT) or surface (DMFS) is counted only

once, and priority is given to decayed, including secondary
caries, over filled teeth/surfaces.45,46

Conclusion

Within the limitations of this review, it may be
concluded that non-tasters have a higher risk of dental caries.

However, future studies should adjust for variables such as
age, oral hygiene, fluoride intake, and salivary flow to
improve the generalizability of these observations. Clinical
trials with sample sizes are warranted to inform future

guidelines for planning the treatment for non-tasters and
super-tasters.
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