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Role of phenylthiocarbamide as a genetic marker 
in predicting the predisposition of disease traits in 
humans

Abstract
The main objective of this study is to find out the genetic variation and predisposition of overweight/obese, smoking/alcoholism 
and thyroid disease traits among tasters and non-tasters in Mysore population, South India. Bitter-taste perception for 
phenylthiocarbamide (PTC) is a classically variable trait both within and between human populations. Many studies have reported 
that in world population, approximately 30% of them are PTC non-tasters and 70% are tasters. This investigation was conducted 
during the year 2009–2010 involving a total 1352 study subjects and divided into three different groups, considering the age 
ranging from 13 to 50 years. Phenylthiocarbamide taste sensitivity was measured by administering a freshly prepared 0.025% 
of phenylthiocarbamide solution using the Harris and Kalmus method with a slight modification and the results were recorded. 
In the first group of 100 obese/overweight children, 28% are taster and 72% are non-taster and among 100 control group 67% 
are tasters and 43% are non-tasters. In second group, out of 1152 individuals 710 (61.63%) are tasters and 442 (38.37%) are 
non-tasters including both males and females. In the third group, out of each 100 thyroid patients and the control group, tasters 
are significantly more frequent (61.41%) than the non-tasters (38.58%) in the control group, but a higher proportion of non-tasters 
are recorded among individuals with thyroid problems (68%) compared to tasters (32%). There is a significant higher incidence 
of PTC tasters than non-tasters among general population in this study. As phenotypic variation in PTC sensitivity is genetic in 
origin, this may represent a surrogate risk factor for the development of multifactorial disease and disorders.
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INTRODUCTION

Bitter-taste perception for phenylthiocarbamide (PTC) is 
a classically variable trait both within and between human 
populations. The sensitivity to this compound has been 
believed to be a simple Mendelian recessive trait, with 
tasters defined as having at least one dominant allele TT or 
Tt and non-tasters displaying a double recessive genotype 

tt. The strong genetic basis for sensitivity to PTC has 
been used as a tool to trace family lineages and population 
migration patterns.[1,2] Many studies have reported that in 
world population, approximately 30% of  them are PTC 
non-tasters and 70% are tasters.[1,3] The prevalence of  taste 
blindness or an inability to taste bitter chemicals ranges 
from 3% in West Africa to 6–23% in China, 40% in India, 
and 30% in US population.[1,4]

A large body of  subsequent work tested various hypotheses 
about the relationship between taste sensitivity and specific 
phenotypes, such as cancer, smoking behavior, and body 
mass index (BMI; in kg/m2).[5] A preference for sweet and 
high-fat food was observed to decrease with increasing 
perception of  bitter taste and further research highlighted 
relationship between bitter compound tasting ability, 
BMI, adiposity levels, and risk factors for cardiovascular 
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disease. [6] There are many diseases associated with variations 
in taste perception. A high incidence of  non-tasters has 
been reported in patients with nodular goiter,[7] congenital 
arthritic cretinism,[8] and dental caries.[9] Sharma[10] has 
reported a higher frequency of  non-tasters in epileptic twins. 
Some studies suggested that lipid pathways involved in the 
etiology of  congenital heart disease CHD may be affected 
by tasting ability, but it was not consistently reported. [11]

Bartels and co-workers[12] on the basis of  their own 
work concluded that sporadic thyroid effects such as 
simple goitre, hypothyroid, and hyperthyroid states are 
probably genetically determined. Richter and Clisby [13] 
noticed marked thyroid hyperplasia in rats which were 
fed with PTC and subsequent work has established that 
the thiocarbamides in general are active goitrogenic 
substances.

Given such evidence, the availability of  genetic markers 
for tasting ability may offer insight into individual’s 
predisposition of  childhood obesity, smoking/alcoholism, 
and thyroid problems. Therefore, PTC can be used as a 
novel approach to explore the environment interactions 
with the disease conditions. This study was designed to 
investigate the association of  PTC taster with expression 
of  genetic traits with early-onset of  multifactorial diseases.

MATERIALS AND METHODS

The study was carried out in and around Mysore city 
among different schools and different departments in 
University of  Mysore during July 2009 to February 2010. 
A total of  1352 study subjects were recruited considering 
the age group ranging from 13 to 50 years and further 
categorized into three groups. The questionnaire was 
designed to collect information about family, personal, 
and reproductive history if  married, health status, food 
habits, and other necessary information. Subjects having 
a history of  recent respiratory tract infection, drug abuse, 
and history of  head trauma, loss of  consciousness, or any 
other disorders were excluded from the study. The consent 
was taken from University ethical clearance committee 
before their inclusion in the study. A method of  Harris 
and Kalmus[14] with slight modification by freshly prepared 
0.025% PTC solution was used to assess the PTC tasters 
and non-tasters. At first with the consent of  the subjects, 
they were requested to rinse their mouth twice with water 
and asked to taste two drops of  PTC solution. If  the 
subject perceives bitter taste, the individual is considered 
as a taster and if  the subject perceives the PTC solution as 
tasteless or similar to plain water then they are considered 
as non-tasters. The results were recorded and statistical 
analysis was carried out.

To generate a case control dataset, tasters and non-tasters 
were selected randomly from controls and affected 
population one at a time. Care was taken to maintain 
similarity in age, ethnicity, socioeconomic backgrounds, 
etc., between the case–control groups. Statistical analysis 
was performed using SPSS statistical software version 18.0. 
The study was carried out in three different groups, and 
the details are mentioned below.

Group 1
A cross-sectional randomized epidemiological study was 
done among school children during the year 2009–2010. 
A total of  2189 children age ranged from 13 to 17 years 
from rural and urban areas from seven different schools 
of  Mysore city were included. This group was further 
classified into overweight/obese and control group 
based on the body mass index (BMI). The body weight 
was measured without shoes using a weighing machine. 
The subjects were made to stand straight with heels 
touching together without any foot wear, and height was 
measured with an anthropometer rod considering the 
nearest centimeter (cm) by study volunteers. The BMI 
was calculated as weight (in kilograms) divided by height 
(in meter squared). The children whose weight was more 
than 85th percentile (weight or BMI) for the age and sex 
were considered as overweight/obese (N = 100).[15] The 
physical activity was recorded with the help of  school 
curriculum and questionnaire specially designed for 
this study. Further, they were subjected for PTC taster/
non-taster trait analysis to study the correlation between 
the food preference, obese/overweight, and PTC taste 
sensitivity.

Group 2
The study was carried out in different departments of  
University of  Mysore during July 2009 to February 2010. 
Among 3200 postgraduate students, only 1152 students 
consented to participate voluntarily in this study where 
618 were males and 534 were females. The age of  the 
study population ranged between 20 and 24 years. Food 
preferences such as vegetarian, non-vegetarian, and 
consumption of  beverages, smoking, and alcoholism were 
recorded with the help of  questionnaire specially designed.

Group 3
The study was carried out on 100 subjects with confirmed 
cases of  thyroid problems such as hypothyroidism and 
hyperthyroidism including 59 males and 41 females. A 
control group of  100 individuals were included with 58 
males and 42 females from Mysore. This study was carried 
out during July 2009 to February 2010, and the age of  
study population ranged between 20 and 50 years. PTC 
taste sensitivity was measured to study the correlation with 
thyroid-related problems.
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RESULTS

Group 1
In this study, a significant variation was observed where 
in the overweight/obese group 28% were tasters and 72% 
were non-tasters and among the control group 67% were 
tasters and 43% were non-tasters [Figure 1]. The odds of  
being overweight in the non-taster group are four times 
in the taster group. A person being overweight/obese is 
approximately four times the odds of  being non-taster. As 
odds ratio is reflective, we can also be interlinked that a 
person being a non-taster is approximately four times the 
odds of  being overweight/obese [Table 1].

Group 2
Out of  a total number 1152 individuals 710 (61.63%) were 
tasters and 442 (38.37%) were non-tasters. The consumption 
of  non-vegetarians was recorded more among males than 
in females. In Table 2, univariate logistic regression analysis 
in all the male subjects shows that consumption of  alcohol 
and smoking is significant perceivers of  non-tasters and 
food preference showed border significant, however, in 
females significant perceivers of  tasters were observed 
which can be linked to the preference of  vegetarian diet. 
Vegetarians were 1.44 times more likely to be tasters than 
non-vegetarians in males and in females 1.51 times more 
likely to be tasters [Table 3]. Tea consumers were more 
likely to be tasters in females. Smokers, alcoholics, coffee, 
and tea consumers were recorded as non-tasters in males. 
In this study, female smokers and alcoholics were not 
observed.

Group 3
The frequency of  tasters is significant, i.e., 61.41% than 
the non-tasters 38.58% in the control group but, a higher 
proportion of  non-tasters were found in people with 
thyroid problems (68%) compared to tasters (32%). The 
95% confidence interval for the effect of  PTC non-tasters 
on thyroid was significant and shows the comparison of  
tasters and non-tasters trait for food habits in control taster 
is approximately 3.3 times the odds of  being thyroidic. As 
odds ratio is reflective, we can also interpret as a person 
being a taster is approximately 0.3 t imes the odds of  being 
thyroidic [Table 4].

DISCUSSION

There is a significant higher incidence of  PTC tasters 
than non-tasters among general population in this study 
which supports other studies.[1,3] This genetic trait is of  
epidemiologic and evolutionary interest and has been 
shown to correlate with a number of  dietary preferences and 
thus have important implications on human health. [16,17,18] 
A strong correlation exists between non-tasters and 

Table 1: Univariate logistic regression analysis 
of tasters and non-tasters among overweight/
obese group
Over weight/
Obese

Odds 
ratio

95% confidence 
interval

P value

Non-tasters 4.0 2.2, 7.2 <0.001
Tasters 0.25 0.14, 0.45 <0.001

Table 2: Univariate logistic regression analysis 
of males with respect to food and other habits
Male predictors Odds 

ratio
95% confidence 

interval
P value

Food habits  
(veg/nonveg)

1.44 1.0–2.1 0.05

Smoking (yes/no) 0.31 0.2–0.6 <0.001*
Alcohol (yes/no) 0.33 0.2–0.7 0.003*
Coffee (yes/no) 0.63 0.3–1.2 0.1
Tea (yes/no) 0.93 0.5–1.7 0.8
Coffee and tea (yes/no) 0.72 0.4–1.7 0.2
P value <0.05

Table 3: Univariate logistic regression analysis 
of females with respect to food and other habits
Female 
predictors

Univariate 95% confidence 
interval

P 
value

Food habits  
(veg /non-veg)

1.51 1.0–2.2 0.03*

Coffee (yes/no) 0.67 0.4–1.2 0.2
Tea (yes/no) 1.04 0.6–1.9 0.9
Coffee and tea  
(yes/no)

0.92 0.5–1.6 0.7

*P value <0.05

Table 4: Univariate logistic regression analysis 
of taster and non-taster individuals with respect 
to thyroid problems
Thyroid 
problem

Odds 
ratio

95% confidence 
interval

P value

Non-tasters 3.3 1.9, 5.9 <0.001
Tasters 0.3 0.17, 0.54 <0.001

Figure 1: Comparison of tasters and non-tasters in overweight and 
control groups
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overweight/obesity condition in this study. Additionally, 
the fast/junk foods tend to be low in fiber, micronutrients, 
and antioxidants which are responsible for weight gain. [19] 
People who can taste PTC are more sensitive to salt, sweet, 
sharp tasting, and spicy food.[20] Anatomical studies show 
that tasters have more taste buds than non-tasters. Tasting 
ability is also likely to be influenced by many other sensory 
and proprioreceptive pathways, and the probable result 
is that no single genetic marker has a greater effect. In 
particular, other pathways are likely to include olfactory 
contributions to food preference, although digestive and 
cognitive factors may also complicate the overall system 
and modify the ability to perceive bitter taste. Hence, non-
tasters are more prone for overweight/obesity problems. 
In our study, the non-tasters, who are less taste sensitive 
to the bitterness of  cigarettes, are more at risk for heavy 
smoking and therefore vulnerable to nicotine addiction 
which correlates with past studies.[21] Although PTC is 
not available naturally, the ability to taste PTC strongly 
correlates with the ability to taste other naturally occurring 
bitter substances many of  which are toxic and may have 
adverse health effects.[9,22]

As for the relationship between PTC and thyroid diseases 
reported,[23,12] our results in relation with thyroidism 
supports significant association with non-taster trait. 
Kitchin and co-workers [24] suggested that the inability to 
taste PTC is associated with a greater susceptibility of  
the thyroid tissue to the action of  goitrogens of  a similar 
chemical type leading to cycles of  involution or hyperplasia 
and eventually to multinodular goiter. In contrast, the 
less sensitive tasters and non-tasters of  PTC may intake 
greater quantities of  goitrogens present in edible plants 
which may increase the stress on the thyroid glands, thus 
increasing the chance of  intermittent hypothyroidism.[25] 
Mourant in 1983[26] suggested a balanced polymorphism 
to the two allelic ‘T’ and ‘t’ genes, based on the levels 
of  iodine and thyroid inhibitors in the diet so that, if  
iodine is less or if  inhibitors are in excess, tasters will be 
selectively favored, whereas, if  there is an excess of  iodine 
or lack of  inhibitors, non-tasters will be favored due to the 
production of  less active peroxidase by non-tasters when 
compared to tasters. The prevalence of  PTC tasters is 
high in control population compared to non-tasters in our 
study in accordance with other studies. The overall taster 
and non-taster traits in relation to different parameters 
with respect to male and females are summarized in 
Figures 2 and 3.

CONCLUSION

There was a high significant incidence of  tasters found in 
general population which is in accordance with the Fisher 

hypothesis of  natural selection and favors selection of  a 
taster trait where inheritance pattern flows in an autosomal 
dominant type. The inability to taste PTC is associated 
with a greater susceptibility of  overweight/obesity due to 
indiscrimination of  fat diet, spicy, and oily food. In contrast, 
the tasters were not susceptible for smoking, alcoholic 
addiction due to unpleasant taste sensation of  alcoholic 
beverages and bitterness taste in cigarettes. There is high 
prevalence of  thyroidism among the non-tasters those 
who consume more of  goiterogenous substances which 
occur naturally are toxic in nature and may be one of  the 
possible risk factor in causing hyperthyroidism. From this 
study, we support that the natural selection is playing a key 
role in limiting the selection of  disease susceptible traits.
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