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Abstract

Background. The aim of this study was to assess the relationship between genetic taste sensitivity, dietary preferences and
salivary flow rate in 6-14-year-old children for identification of individuals at higher risk of developing dental caries.
Methods. A total of 500 children 6-14 years of age, of both genders, who reported to the Department of Oral Medicine and
Radiology, were included. Propylthiouracil (PROP) sensitivity test was carried out and the subjects whose perception was
bitter were grouped as tasters, whereas those who were unable to perceive any taste were grouped as non-tasters. The 2D:4D
ratio was obtained by measuring the length ratio of index finger to ring finger with the help of a digital Vernier caliper.
Evaluation of dietary preferences was carried out using a 24-hour dietary recall and accordingly they were categorized as
sweet likers and dislikers. The salivary flow rate was estimated by collecting unstimulated saliva by spitting method. Data
were analyzed with Student’s t-test and chi-squared test.

Results. The results suggested a positive relation between low digit ratio (2D:4D), non-tasters, sweet likers and high caries
index among the participants with a highly significant statistical difference £0.000). Tasters had high mean o  f USSR
(0.48) than non-tasters (0.29), which was statistically significant.

Conclusion. The present research revealed a positive correlation between all the parameters evaluated. Therefore an indi-
vidual considered as non-taster by PROP was a sweet liker with low 2D:4D ratio, reduced salivary flow rate and high caries
index.
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Introduction

Dental caries is the worldwide infectious disease
of the oral cavity.! It is most common among
children. Unlike other problems, it is irreversible in
nature and cannot be controlled by pharmacological
interventions and may lead to pain, with harmful ef-
fects on the oral cavity, hindering the nutritional sta-
tus and growth of a child.? The positive correlation
between high sugar intake and the caries risk has
been documented in the literature; however, recent
concepts like genetic taste sensitivity and taste thre-
sholds have been evolving to identify the caries risk
at an early stage.?

Genetic taste sensitivity dictates the fondness or re-
fusal of food by children, who are accordingly cate-
gorized into tasters or non-tasters. PROP is the drug
used for the treatment of Graves disease. In clinical
practice "™ bitter taste of PROP was found to be a
consistent factor for assessing genetic taste sensitivi-
ty levels, which in turn appeared to be influenced by
TAS2R38 gene.*

Therefore, evaluation of individuals® taste thre-
shold using PROP will be helpful for identifying
children at high caries risk. In addition, the current
research enquires the role of 2D:4D ratio in taste be-
havior. The ratio is said to be sexually differentiated
in humans and the probable mechanism is that the
common genes Hox A and Hox D underlie the de-
velopment of both digits and gonads, which in turn
are known to influence the taste behavior in the hu-
man brain.® Hence this biological marker can also be
used to predict children’s caries susceptibility by
determining their dietary preferences, taste percep-
tion and also the association between them.® In addi-
tion, sialometry has gained popularity in recent years
for assessing the caries risk due to its non-invasive
nature. With this background, the aim of the present
study was to assess the association between genetic
taste sensitivity using PROP, 2D:4D ratio, salivary
flow rate and the dental caries prevalence in 6-14-
year-old children, to identify caries prone individu-
als, so as to enable a preventive program for them.

Methods

All the procedures in this study were in compliance
with the Helsinki Declaration, and the ethical clear-
ance was obtained from the concerned committee for
this research protocol.

Participants

A pilot study was carried out to assess the feasibility
of the study, and sample size calculations were car-
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ried out relying on the results gained in the study. A
total sample of 450 was sufficient to detect a statisti-
cally significant difference of 10% with 95% confi-
dence interval and considering the design effect of
two. Assuming 10% loss of data due to rejections,
errors, etc, the sample size increased to 500.

Five hundred children, 6-14 years of age, of both
genders, reporting to the Department of Oral Medi-
cine and Radiology, were selected by systematic
random sampling method based on inclusion and
exclusion criteria.>"®

Inclusion criteria

e An age range of 6-14 years.

e Individuals with stable mental status.

e Subjects not under any prescription influencing
the rate of salivary flow.

e Subjects with no known previous history of al-
lergic reactions to 6-n-propylthiouracil.

e Subjects not under specific dental caries preven-
tive program.

Exclusion criteria

e Children without parents’ consent.

e Subjects taking antidepressants and antibiotics.

e Children who cannot be included under class |
American Society of Anesthesiologists (ASA)
physical status.

e Subjects under orthodontic therapy.

Preparation of the strips

Uncontaminated PROP samples were procured from
the pharmaceutical company (Swapnroop, Mumbai,
India) and the PROP strips were prepared at Phar-
maceutical Institute. Whattman filter paper was pre-
pared in the required size of 2x2 cm and sterilized in
an autoclave at 121°C for 15 minutes. These strips
were pre-weighed and stored in desiccators. 10 mL
of ethyl alcohol was used to dissolve 10 mg/mL of
PROP in a beaker.’ Ten autoclaved Whattman filter
paper strips were soaked for a period of one hour to
allow absolute absorption of PROP (Figure 1la).
These soaked strips were taken out of beaker and
kept for drying at room temperature. The difference
between the pre-weighed and the post-weighed strips
provided the appropriate amount of drug infused on
each strip, which was calculated at 1.6 mg of PROP
for each strip.*

PROP sensitivity test

PROP sensitivity test was performed on the children
to evaluate the genetic sensitivity levels of bitter or
sweet substances. PROP sensitivity test was carried
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out by keeping a prepared strip for 30 seconds on the
dorsal two-thirds of the tongue (Figure 1b). It was
ensured that the subjects refrained from consuming
any diet for a period of two hours prior to PROP test-
ing and they were advised to thoroughly clean their
mouth with distilled water prior to the test. These
children were categorized into two groups as PROP
tasters and PROP non-tasters based on their ability
of taste perception.® Those who tasted bitter were
dubbed tasters and those unable to perceive any taste
were categorized as non-tasters.

2D:4D Ratio

The ratio of the lengths of the index finger (2D) and
ring finger (4D) was determined using digital Ver-
nier calipers (Figure 1c) and the study participants
were categorized into high 2D:4D, low 2D:4D and
equal 2D:4D digit ratio.*

Dietary preferences

Evaluation of dietary preferences was carried out
using a 24-hour dietary recall. The subjects were
asked to report the item, quantity of food usually
consumed, along with frequency over a definite pe-
riod of time, i.e. at specific time intervals. The data
collected was again reconfirmed with the subjects’
parents who were accompanying them at that partic-
ular time. The type of sugar consumed was consi-
dered as liquid, solid, sticky and slowly dissolving
along with their frequencies. A sweet score of 5 or
less was considered as excellent, with a score of 10
as good and a score of 15 or more as watch-out
zone." Based on this data, the subjects in the watch-
out zone were grouped into sweet likers and the sub-
jects in the two other groups were considered as
sweet dislikers.

Dental caries experience

The caries experience (DMFT/dft index) was taken
and subjects with a total DMFT/dft score of >5 were
considered to have a high caries rate.'**®

Collection of unstimulated saliva

Saliva was collected under standard temperature and
humidity between 9:30 am t012:30 pm in order to
avoid the effects of circadian rhythm.** The partici-
pants were advised not to eat, drink and smoke one
and a half hour prior to the sample collection. Child-
ren were asked to rest for five minutes and to gulp
down all salivary remnants before sample collection.
They were advised to bend the chin forward to pool
the saliva in the floor of the mouth and let saliva
flow into a test tube through a funnel (Figure 1d).
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The whole salivary sample which was collected for a
period of 5 minutes was then calculated. The ratio of
the difference between the pre-weighed and post-
weighed test tubes to the duration of collection of
saliva was expressed as mL/min (Figure 1e).** Clini-
cal examinations for dental caries experience, unsti-
mulated saliva measurements and PROP sensitivity
test were carried out by a single investigator.

Statistical analysis

Data were analyzed with SPSS (Version 20, Chicago
Inc.), using Pearson’s correlation coefficient, chi-
squared test and Student’s t-test. Statistical signific-
ance was set at P <0.05.

Results

Out of 500 children selected for study, two were ex-
cluded due to incomplete data. Among the 498 par-
ticipants, 176(35.3%) of them were 9-year old,
164(32.9%) were 8-year old school children and al-
most equal gender wise distribution (Figure 2).
When 2D:4D ratio was measured with Vernier cali-
pers, majority (81.4%) had low 2D:4D ratio, only
15% of them had high 2D:4D ratio and very few
(4.6%) had equal digit ratio. Among the males,
81.7% of them had low 2D:4D ratio, 12% had high
2D:4D ratio and remaining males had equal 2D:4D
ratio; 79.6% of the females had low 2D:4D ratio,
18.2% had high 2D:4D ratio and 1.2% females had
equal 2D:4D ratio ( (Figure 3a) Comparison between
PROP sensitivity and gender was shown in Table 1,
140 out of 257 males and 111 out of 241 females
were non tasters of PROP and the remaining were

Figure 1. Whatmann filter papers dissolved in PROP
solution (a). PROP strip placed on the dorsum of the
tongue (b). Measuring the index digit length using dig-
ital Vernier callipers (c). Collection of saliva by spit-
ting method (d). Weighing the device used for mea-
surement of saliva (e).
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Figure 2. Age-gender distribution.
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considered as tasters. Majority of the non-tasters in
both the genders had low 2D:4D ratio which was
statistically significant (P = 0.000).

Dietary preferences were assessed from 24-hr dietary
recall history, on a whole 59% of the participants
were sweet likers and 189 out of 293 sweet likers
were non tasters for PROP sensitivity which was
statistically significant(P<0.000; Table 2). When die-
tary preferences were compared with digit ratio, 80%
of the sweet likers had low 2D:4D ratio and only
66.6% of the sweet dislikers had low 2D:4D ratio,
31.7% of sweet dislikers and 13.5% of sweet likers
had high 2D:4D ratio which was statistically signifi-
cant (P < 0.000; Figure 3b).

Non tasters have more Dental caries experience with
mean DMFT value 1.7+£0.4 where as for tasters it
was 1.1 + 0.8 with statistically significant p value
(Table 3). The mean score for the rate of unstimu-
lated saliva in tasters was 0.48+0.03 and for non tas-
ters it was 0.29 + 0.04 which was statistically signif-
icant (P <0.000; Table 3).

Discussion
PROP has been documented in the literature in rela-
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Figure 3. Distribution of study participants based on
digit ratio (a). Distribution of dietary preferences in
terms of digit ratio (b).

tion to the genetic sensitivity to expect the response
of individuals through hedonic scale to sweet taste in
both males and females.'®!” Taste perception of hu-
mans varies according to their degree of taste sensi-
tivity to phenylthiocarbamide (PTC) and its structu-
rally similar drug referred to as PROP. Sensitivity of
PROP strip is known to be a reliable test in assessing
this genetic sensitivity to bitter taste, which is an in-
herent genetic feature.'®

In the present study non-tasters and tasters of PROP
were 57.4% and 42.6%, respectively, consistent with

Table 1. Distribution of tasters and non-tasters in terms of gender and digit ratio

Parameter High 2D:4D ratio Low 2D:4D ratio equal 2D:4D ratio Total Chi square
Test value P value

Male 31 210 16 257 1209.69 0.000

16(NT)+15(T) 115(NT)+59(T) 9(NT)+7(T)
Female 44 192 05 241

21(NT)+23(T) 86(NT)+106(T) 4(NT)+2(T)
Total 75(15%) 402(80.7%) 21(4.3%) 498(100)

Table 2. Distribution of dietary preferences and tasters-nontasters
Parameter Tasters Non-tasters Total Chi square
Test value P value

Sweet dislikers 109 96 205(41%) 22.492 0.000
Sweet likers 104 189 293(59%)
Total 217 281 498

Table 3. Comparison between mean DMFT, USFR and PROP sensitivity

Parameter Taster Non-taster Student’s t test

Test value P value
Mean DMFT 1.1+.8 1.7+4 4.292 0.0123
Mean USFR 0.48+0.03 0.29+0.04 14.231 0.000

DMFT: Decayed, Missing, Filled Teeth; USFR: Unstimulated Salivary Flow Rate; PROP sensitivity: Propylthiouracil sensitivity.
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studies by Verma et al® Pidamale et al,* and contra-
dicting with the results reported by Rupesh and
Nayak,'® where the non-tasters were found to be
19.5%. In our study, the were more numerous female
tasters (54.3%) compared to the males (45%), con-
sistent with the findings of Rupesh and Nayak,'®
which was attributed to the fact that increased num-
ber of fungiform papillae enhance the sensitivity to
bitter taste as reported by Shahbake et al'® and Del-
wiche et al.®> Among the dietary preferences, the
majority of the subjects who were dubbed as non-
tasters were interpreted as sweet likers and studies
also suggest that there are difference in food prefe-
rences between tasters and non-tasters, with Pida-
male et al* and Verma et al® reporting that non tasters
were sweet likers.

The 2D:4D ratio has been projected as a putative
marker for prenatal hormone exposure as well as
homeobox (HOX) and androgen receptor gene ex-
pression.”® The individual variability of 2D:4D is
established in utero during the second trimester and
appears stable during postnatal life. This evidence
proposed that 2D:4D can be used as a useful indica-
tor for assessing prenatal sex hormone action in the
body, brain and behavior along with the taste percep-
tion.

In the present study, 81.7% of males and 79.6% of
the females had low 2D:4D ratio, consistent with a
study by Verma et al,®> who reported that 80% of the
sweet likers had low 2D:4D ratio.

The dental caries experience in non-tasters was
slightly higher compared to tasters (1.7 vs 1.1),
which is similar to other studies by Verma et al° and
Rupesh and Nayak.' These results can be attributed
to the fact that most of the non-tasters were sweet
likers. However, the overall mean DMFT of the
study participants was in par with national mean
DMFT of the same age group and the study area is
known for endemicity of mild dental fluorosis, and
fluoride might be considered a possible reason for
increased sugar threshold in sweet likers compared
to the study conducted by Verma et al,’ where mean
DMFT in sweet likers was 5.4.

Pidamale et al** and Wang et al* reported that un-
stimulated flow rate has been proved to be a better
indicator for salivary function rather than stimulated
flow rate since it is mildly affected by systemic con-
ditions. Therefore, unstimulated salivary flow rate
was used for the first time in comparison to PROP
sensitivity in our study and mean USSR in tasters
was higher compared to non-tasters.

There were many risk indicators for dental caries as
reported in the literature, of which diet is one of the

|22
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modifiable risk factors and it is the common risk fac-
tor for many disorders such as obesity, diabetes mel-
litus, etc.”® Therefore, early detection of this com-
mon risk factor (preferring sweets) can help in plan-
ning preventive programs for such populations.
PROP sensitivity test can be a valuable tool in the
future to assess the inherent genetic sensitivity of a
person for dietary preferences and it is a simple and
cost-effective method compared to other caries risk
assessment tools like cariogram. One of the limita-
tions of this test was the fact that interventions based
on PROP sensitivity might be valid only in children
because studies have shown that in contrast to child-
ren, adults’ sweet predilection was not affected by
genotyping of bitter receptors.?** Therefore, longi-
tudinal studies were required in future to assess the
validity of PROP sensitivity as a caries risk factor.

Conclusion

The present research revealed a positive correlation
between all the parameters evaluated. Therefore, in-
dividuals who were considered as non-tasters by
PROP were sweet likers with low 2D:4D ratio, re-
duced salivary flow rate and high caries index. Thus
the present study can be performed as a simple, non-
invasive chair-side procedure for early detection of
individuals with high caries risk.

Acknowledgments

We would like to acknowledge Dr. Sudhakar, Professor in
the Department of Public Health Dentistry, for his support
and encouragement.

Authors’ Contribution

The basic concept of the study, major drafting of the ar-
ticle, statistical analysis, and interpretation of data were
carried out by CRL. DR carried all the clinical procedures
and PROP sensitivity tests. SMB performed salivary anal-
ysis as well as the refinement of the article. MPV was
responsible for conducting the proper clinical procedures.
NSM was responsible for the intellectual content and crit-
ical assessment of the article. All the contributors read the
final proof of the article and approved its final version.

Funding
The study was self-funded.
Competing interests

The authors declare no competing interests with regards to
authorship and/or publication of this article.

Ethics approval

All the procedures followed in this study were in com-
pliance with the Helsinki Declaration and the ethical



clearance was obtained from the concerned committee for
this research protocol.

10.

11.

12.

References
1.

Ricketts D, Lamont T, Innes NP, Kidd E, Clarkson JE.
Operative caries management in adults and children. Coch-
rane Database Syst 2013;28;14-16. doi: 10.1002/14651858
Paula JS, Torres LH, Ambrosano GM, Mialhe FL. Associa-
tion between oral health-related quality of life and atraumat-
ic restorative treatment in school children: an exploratory
study. Indian J Dent Res 2012;23:738-41. doi:
10.4103/0970-9290.111249

Shetty V, B L P, Hegde AM. PROP test: prediction of caries
risk by genetic taste perception among the visually impaired
children. Spec Care Dentist 2014:34:34-40. doi:
10.1111/j.1754-4505.2012.00307.x

Pidamale R, Sowmya B, Thomas A, Jose T. Genetic sensi-
tivity to bitter taste of 6-n Prophylthiouracil: A useful diag-
nostic aid to detect early childhood caries in preschool child-
ren. Indian J Human Genetics 2012;18:101-105. doi:
10.1111/j.1754-4505.2012.00307.x

Verma P, Amitha M Hegde, Nararayanacharyulu R. Hor-
monal finger prints: A key to early diagnosis of caries. In-
dian J Dent Res 2013;24:674-77 .doi: 10.4103/0970-
9290.127607.

Anliker JA, Bartoshuk L, Ferris AM, Hooks LD. Children’s
food preferences and genetic sensitivity to the bitter taste of
6-n-propylthiouracil (PROP). Am J Clin Nutr 1991;54:316-
20.

Lumeng JC, Cardinal TM, Sitto JR, Kannan S. Ability to
taste 6-n-propylthiouracil and BMI in low-income pre-
school-aged children. Obesity 2008;16:1522-27.
doi:10.1038/0by.2008.227

Hegde A, Sharma. Genetic sensitivity to 6-n-propylthiouracil
(PROP) as a screening tool for obesity and dental caries in
children. J Clin Pediatr Dent 2008;30:107-12.

Verma P, Shetty V, Amitha M Hegde. Propylthiouraci
I(PROP)- A tool to determine taster status in relation to ca-
ries experience, Streptococcus Mutans levels and dietary
preferences in children. J Clin Pediatr Dent 2006;31:113-17.
Oter B, Ulukapi I, Ulukapi H, Topcuoglu N, Cildir S. The
relation between 6-n-propylthiouracil sensitivity and caries
activity in schoolchildren. Caries Res 2011;45:556-60. doi:
10.1159/000332432

Nizel AE, Papas AS. Nutrition in clinical dentistry; 3rd ed,
Philadelphia: Saunders; 1989. p. 123-6.

Lehl G, Bansal K, Sekhon R. Relationship between cari-
ogenic diet and dental caries as evaluated from from a five

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Genetic Taste Sensitivity 147

day diet dairy in 4-12 year old children. J Indian Soc Pedod
Prev Dent 1999;17:119-21.

Jyothirmai J, Naganandini S, Aradhya S. Caries experience
in 15-year-old school children in Bangalore with inherited
taste sensitivity levels to 6-n-propylthiouracil: An observa-
tional study. J Investig Clin Dent 2011;2:51-6. doi:
10.1111/j.2041-1626.2010.00029.x

Navazesh M, Kumar SK. Measuring salivary flow: chal-
lenges and opportunities. J Am Dent Assoc 2008;139;35S—
40S.

Sawair FA, Ryalat S, Shayyab M, Saku T. The unstimulated
salivary flow rate in a jordanian healthy adult population. J
Clin Med Res 2009;1:219-25. doi:
10.4021/jocmr2009.10.1267

Bartoshuk LM, Duffy VB, Miller 1J. PTC/PROP tasting:
anatomy, psychophysics, and sex effects. Physiol Behav
1994;56:1165-71.

Feeney E, O'Brien S, Scanne A, Markey A, Gibney E. Per-
ceived sucrose intensity is related to 6-n-propylthiouracil
sensitivity and to markers of sugar intake. Proc Nutr Soc
2010; 69:E23. doi:10.1017/S0029665109992114

Rupesh S, Nayak U. Genetic sensitivity to the bitter taste of
6-n -Propylthiouracil: a new risk determinant for dental ca-
ries in children. J Indian Soc Pedod Prev Dent 2006;10:63-
68.

Shahbake M, Hutchinson I, Laing DG, Jink sAL. Rapid
quantitative assessment of fungiform papillae density in the
human tongue. Brain Res 2005;1052:196-201.

Delwiche JF, Buletic Z, Breslin PA. Relationship of papillae
number to bitter intensity of quinine and PROP within and
between individuals. Physiol Behav 2001;74:329-37.
Pidamale R, Sowmya B, Thomas A, Jose T, Madhusudhan
KK, Prasad G. Association between early childhood caries,
streptococcus mutans level and genetic sensitivity levels to
the bitter taste of 6-N propylthiouracil among the children
below 71 months of age. Dent Res J 2012;9:730-4.

Wang SL, ZhaoZT, LiJ, Zhu XZ, Dong H, Zhang YG. Inves-
tigation of clinical value of total salivary flow rates. Arch
Oral Biol 1998;43:39-43.

Ichiho HM, Roby FT, Ponausuia ES, Aitaoto N. An assess-
ment of non-communicable diseases, diabetes, and related
risk factors in the territory of American Samoa: a systems
perspective. Hawaii J Med Public Health 2013;72:10-8
Mennella JA, Pepino MY, Reed DR. Genetic and environ-
mental determinants of bitter perception and sweet prefe-
rences. Pediatrics 2005;1115:216-22

Hayes JE, Keast RSJ. Two decades of super tasting: where
do we stand? Physiol Behav 2011;104:1072-1074. doi:
10.1016/j.physbeh.2011.08.003

JODDD, Vol. 10, No. 3 Summer 2016


http://www.ncbi.nlm.nih.gov/pubmed?term=B%20L%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24382369�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hegde%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24382369�

	Association between genetic taste sensitivity, 2D:4D ratio, dental caries prevalence, and salivary flow rate in 6-14-year-old children: a cross-sectional study
	Chintamaneni Raja Lakshmi1* • Doppalapudi Radhika2 • Mpv Prabhat3 • Sujana mulk Bhavana4 • Nallamilli Sai Madhavi4

