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Ability to Taste 6-n-Propylthiouracil and BMI  
in Low-income Preschool-aged Children
Julie C. Lumeng1,2, Tiffany M. Cardinal1, Jacinta R. Sitto1 and Srimathi Kannan3

Background: Sensitivity to the bitter compound 6-n-propylthiouracil (PROP) is genetically mediated. Sensitivity  
to PROP has been associated with weight status in both adults and children.
Objective: To determine whether there is an association between PROP sensitivity and BMI in low-income children of 
diverse race/ethnicity, among whom there is a high prevalence of obesity.
Methods and Procedures: Eighty-one preschool-aged children attending Head Start tasted a solution of 560 μmol/l 
PROP and reported whether it tasted “like water” or “like something else”. Mothers reported child’s race, age, 
maternal education, maternal weight and height, child’s reluctance to sample new foods via the Food Neophobia 
Scale (FNS), and child’s dietary intake using a food frequency questionnaire. Child weight and height were 
measured. BMI was calculated and for children, expressed in z-scores. Regression analyses were used to evaluate 
the relationship between child’s PROP taster status and BMI z-score, testing covariates child’s age, gender, race, 
maternal education and BMI, and child’s FNS score. Children’s dietary intake was compared by PROP taster status.
Results: PROP tasters, compared with nontasters, had significantly higher BMI z-scores (0.99 (s.d. 1.24) vs. 0.03 (1.12), 
P = 0.004) and had a significantly higher prevalence of overweight (31.8% vs. 5.6%, P = 0.025), but demonstrated no 
differences in reported dietary intake. The most parsimonious model predicting the child’s BMI z-score included only 
maternal BMI and the child’s PROP taster status (R2 = 22.3%).
Discussion: A genetically mediated ability to taste bitter may contribute to obesity risk in low-income, preschool-aged 
children.

Obesity (2008) 16, 1522–1528. doi:10.1038/oby.2008.227

IntroductIon
The prevalence of childhood obesity continues to increase (1), 
with apparent growing disparities based on race and socio-
economic status (1,2). The prevalence of obesity among 
preschool-aged children attending Head Start, a federally 
funded preschool program for low-income children, has been 
reported to be ~50% higher than in the general population of 
preschoolers (15.5% vs. 10.4%) (3). The reasons underlying 
these disparities are multifactorial and poorly understood. 
Although the rapid secular rise of obesity supports a signifi-
cant role of environment in promoting obesity risk, genes 
presumably interact with the environment to confer differing 
obesity risk in individuals.

One such genetic factor is bitter taste perception, which 
appears to be in large part mediated by the TAS2R38 gene (4). 
The insensitivity to the bitter compounds 6-n-propylthiouracil 
(PROP) and phenylthiocarbamide, mediated by this gene, is 
estimated at ~30% in European populations. There is, however, 
wide variation among racial/ethnic groups worldwide (for an 

extensive review, see ref. (5)), as well as by gender, with women 
being more likely to be tasters (5).

The presumed interaction of PROP taster status with the envi-
ronment to confer differential obesity risk is illustrated by the 
rather inconsistent findings in samples of different ages. Being 
a PROP taster (compared to a nontaster) has been associated 
with having a lower BMI in adults (6–10) as well as in African-
American grade school students in 1966 (11). Three prior studies 
in preschool-aged children, however, have had conflicting results. 
Two have not detected a difference in BMI based on PROP taster 
status (12,13), while one found that PROP taster girls had higher 
BMIs than nontasters, while PROP taster boys had lower BMIs 
than nontasters (14). All three of these prior  studies were con-
ducted in a university preschool attended primarily by children 
who were white and of middle- to upper-socioeconomic status 
(13). The prevalence of overweight in these populations of pre-
schoolers has therefore been relatively low.

The genetic variability in bitter taste perception has been 
hypothesized to confer selective advantage; greater sensitivity 
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to bitter taste may protect against the consumption of poison-
ous foods, but insensitivity to bitter may promote the consump-
tion of a wider array of foods (and therefore a healthier dietary 
pattern) (15,16). Several studies have linked the ability to taste 
PROP with having more food aversions (17,18), a dislike for 
vegetables (12,19), a greater perception of vegetables as bitter, 
and a lower consumption of vegetables (20). In a free-choice 
situation, preschool-aged children who were PROP tasters con-
sumed fewer bitter vegetables and fewer vegetables (both bitter 
and nonbitter) overall than children who were nontasters (13). 
Taster preschool-aged children have also been reported to rate 
raw broccoli (12,13), grapefruit–orange juice (21), and spin-
ach (22) as less palatable than do nontaster children.

These potential effects of PROP taster status on an individual’s 
eating behavior could underlie specific effects of PROP taster 
status on obesity risk in low-income children. Young children 
are relatively reluctant to sample new foods (23,24), and emerg-
ing data (13) would suggest that children who are PROP  tasters 
would be particularly reluctant to eat vegetables. Parents may 
respond to a child’s rejection of vegetables by purchasing and 
preparing them in more palatable ways, by introducing the 
same vegetable repeatedly in an attempt to increase liking (even 
though it may be rejected and wasted), or by purchasing a wider 
variety of vegetables (of varying cost) to encourage the child’s 
intake. Low-income children, however, often live in families with 
limited food resources. Parents may not have the resources for 
or access to a wide variety of more palatable or preferred veg-
etables, and often cannot afford to serve vegetables that may be 
rejected and wasted. Parents in this situation may simply feed the 
child foods they know the child will accept, which may equate to 
highly palatable, but also unhealthy foods (25). In short, being 
a child who is a PROP taster living in poverty may be particu-
larly associated with low intake of vegetables, and consequently a 
higher risk of overweight. This study therefore sought to test the 
hypothesis that lower vegetable intake would occur among PROP 
taster children in a low-income preschool-aged sample, and that 
these PROP tasters would be at higher risk of overweight.

Methods And Procedures
Participants
Eighty-one 3- to 6-year-old children were recruited from a local 
Head Start. Head Start is a federally funded program provid-
ing free preschool to children living in families with incomes 
at 100% of the federal poverty line or less ($20,000 per year for 
a family of four in 2006) (26). Thus, all children in this study 
were living in poverty. Exclusion criteria were a history of aller-
gic or adverse reaction to food, developmental language delay 
reported by the parent, nonfluency in English in either parent 
or child, significant medical problems, or febrile illness within 
the last 36 h. Each parent completed written informed consent 
and the study was approved by the University of Michigan 
Institutional Review Board.

Identification of ProP taster status
PROP tasting was conducted in a quiet but familiar area of 
the child’s Head Start that was without distractions. Children 

were seated with the researcher at a child-size table. Each 
child’s PROP taster status was tested by the same individual, 
with whom the children were familiar. Before tasting, chil-
dren rinsed with spring water. We closely replicated the forced 
choice procedure developed by Keller et al. (12,14), who found 
high reliability using this method with 4- to 5-year-old children 
attending a university preschool. The method has subsequently 
been used in children as young as 3.5 years (13). Children were 
presented with a single 5 ml sample of a 560 μmol/l solution of 
PROP (Aldrich Chemical, Milwaukee, WI) and were verbally 
asked the question “Does that taste like water or something 
else?” (Keller et al. had asked “Do you taste anything?”, but we 
found that the children in our sample responded more readily 
to the slightly altered question.) Following Keller’s methodol-
ogy, children who reported that the solution tasted “like water” 
were classified as nontasters, and children who reported that it 
tasted “like water” but showed classic rejection signs, such as 
grimacing or frowning (27), were classified as tasters. When 
children in Keller’s protocol reported that the solution had a 
taste, they were further queried regarding what it tasted like. 
We found that the children in our sample did not possess the 
vocabulary to describe taste characteristics that Keller’s sample 
apparently did, which may be due to the differing socioeco-
nomic characteristics of the samples. Therefore, the children 
were asked, “Is it yucky or yummy?” on the premise that chil-
dren who identified the taste as “yummy” were unlikely to 
be tasters. As will be shown below, all but one of the children 
who reported that it tasted “like something else” subsequently 
responded that it tasted “yucky”.

Anthropometric data
Children were weighed without shoes or heavy clothing using 
a balance scale to the nearest 0.1 kg. Children’s heights were 
measured without shoes using a wall-mounted stadiometer to 
the nearest 0.5 cm. Heights and weights were used to calcu-
late BMI z-score based on the age- and sex-specific Centers for 
Disease Control National Center for Health Statistics growth 
charts (28). BMI z-scores are necessary as opposed to raw 
BMI given that BMI changes rapidly during this period, and 
the pattern of change differs by gender. Mothers self-reported 
height and weight by questionnaire and BMI was calculated. 
Maternal BMI was available for 72 mothers. One mother would 
not provide her specific weight, but indicated that her weight 
was above a particular number which would have categorized 
her as obese; maternal obesity status was therefore available for 
73 mothers. Eight mothers declined to report their weight.

covariates
Mothers reported the child’s birth date, race, and maternal edu-
cation level (more than high school vs. a high school diploma 
or less). Mothers completed the Food Neophobia Scale (FNS), 
a standardized and validated 10-item rating scale of children’s 
reluctance to sample new foods (29). Each question on the FNS 
is answered on a seven-point Likert scale. Items are reverse-
scored where appropriate, and the total score is obtained by 
summing across the 10 items. Total scores therefore range from 
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10 to 70 with higher scores indicating greater food neophobia. 
Three mothers did not complete the FNS, and complete data 
were therefore available for 78 children.

Mothers reported children’s dietary intake using a modified 
70-item version of the 90-item Block Kids Questionnaire—
Ages 2–7 (30). The Block Food Frequency Questionnaires are 
validated and reliable indices of dietary intake (31,32). The 
Block Kids Questionnaire was developed from the National 
Health and Nutrition Examination Surveys III dietary recall 
data, and the nutrient database was developed from the US 
Department of Agriculture Nutrient Database for Standard 
Reference. The questionnaire does not ask parents to report on 
individual portion sizes. Food frequency questionnaires were 
completed by all 81 mothers.

statistical analysis
χ2-Analyses, t-tests, and ANOVA were used for unadjusted 
bivariate comparisons based on PROP taster status. We used 
Akaike Information Criteria to identify the most parsimonious 
regression model with the best fit predicting the child’s BMI 
z-score from covariates PROP taster status, child’s age, race, 
gender, maternal education, maternal BMI, and FNS score 
(Model 1). Although the outcome, child BMI z-score, is stan-
dardized for age and gender, inclusion of age and gender as 
predictors in the model is appropriate given that obesity risk 
increases with age and differs by gender. Given the significant 
association of both PROP taster status and obesity risk with 
race in prior literature (5), we retested Model 1 including race 
as a covariate (Model 2). In addition, given the significant asso-
ciation of both PROP taster status and obesity risk with gender 
in prior literature (5), as well as reported differing relation-
ships between PROP taster status and weight status in male 
vs. female preschool-aged children (14), we retested Model 1 
including gender as a covariate (Model 3).

We hypothesized that taster status affected either food neo-
phobic behavior or vegetable consumption, which in turn 
predicted the child’s BMI z-score. Thus, we tested the possible 
mediating effects of FNS score and percent of calories from 
vegetables on the relationship between PROP taster status and 
the child’s BMI z-score by assessing whether the parameter 
estimate was changed after adding either of these individually 
to Model 1 (Models 4 and 5).

To evaluate dietary intake by PROP taster status, we per-
formed selected comparisons as done by others previously (14), 
including: total energy intake per day in kilocalories; percent 
of energy intake in fat, carbohydrate, and protein; percent of 
total energy intake per day and servings per day for each food 
group; cholesterol, saturated fat, and fiber intake; and grams of 
sugar per day and percent of energy from sugars.

results
Characteristics of the sample are provided in Table 1. The chil-
dren were on average 4.2 years old. The sample of children was 
41% male and 47% white. Forty percent of the mothers were 
obese (BMI ≥30), and 26% of the children were overweight 
(BMI ≥95th percentile for age and gender on Centers for 

Disease Control National Center for Health Statistics growth 
charts). Few (36%) of the mothers had education beyond a 
high school diploma. Of the 81 children, 56 reported that the 
560 μmol/l solution of PROP tasted like “something else” and 
that it tasted “yucky” and were therefore classified as tasters. 
Seven children reported that it tasted like water, but grimaced 
or frowned during tasting, and thus were classified as tasters. 
These seven children did not differ from the rest of the sample 
by age, gender, race, or maternal education level. Seventeen 
children reported that the solution tasted like water and were 
classified as nontasters. One child reported that it tasted like 
“something else” but that the  something else tasted “yummy” 
and was therefore classified as a nontaster. Thus, 63 of 81 chil-
dren (77.8%) were classified as tasters.

Unadjusted bivariate comparisons are shown in Table 1. 
There was no difference by PROP taster status in child’s gen-
der, race, age, or FNS score, or in maternal education, maternal 
obesity status, or maternal BMI. PROP taster children were, 
however, significantly more likely to be overweight (BMI 
≥95th percentile for age and gender), as well as significantly 
more likely to be “at risk for overweight” (BMI ≥85th percen-
tile for age and gender). PROP taster children also had higher 
BMI z-scores than nontasters. We were unable to detect any 
differences in dietary intake based on PROP taster status.

We sought to determine which covariates (PROP taster sta-
tus, child’s age, race, gender, maternal education, maternal 
BMI, and FNS score) best predicted the child’s BMI z-score. 
The most parsimonious model with the best fit included just 
child’s PROP taster status (taster vs. not) and maternal BMI 
(Table 2). These two variables accounted for 22.3% of the vari-
ance in the child’s BMI z-score.

The additional models are shown in Table 2. Race was neither 
a significant predictor of the child’s BMI z-score (Model 2), 
nor did it significantly alter the relationship between PROP 
taster status and the child’s BMI z-score. We also considered 
that the relationship between PROP taster status and BMI 
z-score may have differed by race, but the interaction term in 
this model also was not significant (P = 0.39). Gender was not 
a significant predictor of the child’s BMI z-score (Model 3), 
and the relationship between PROP taster status and BMI 
z-score did not differ by gender (P = 0.57 for the interaction 
term). Neither FNS score (Model 4) nor the proportion of 
daily caloric intake composed of vegetables (Model 5) medi-
ated the relationship between PROP taster status and the 
child’s BMI z-score.

We also assessed the main effect of gender on the nutritional 
intake outcomes, as well as an interactive effect of gender and 
PROP taster status on nutritional intake. These analyses did 
not reveal any consistent, statistically significant associations. 
We repeated the analyses excluding the seven children who 
identified the solution as water but grimaced or frowned dur-
ing tasting, because it is possible that these children may have 
been misclassified as “tasters”. The results of the analyses did 
not change with these subjects excluded. We also repeated 
our analyses restricted to children >3.5 years (n = 67) and the 
results did not differ.
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table 1 unadjusted bivariate comparisons of covariates by ProP taster status (n = 81)

Total  (N = 81) Taster (N = 63) Nontaster (N = 18)

P valuen (%) n (%) n (%)

Sex 0.86

 Male 33 (40.7) 26 (41.2) 7 (38.9)

 Female 48 (59.3) 37 (58.7) 11 (61.1)

Race 0.40

 White 38 (46.9) 28 (44.4) 10 (55.6)

 Nonwhite 43 (53.1) 35 (55.6) 8 (44.4)

Maternal Education 0.80

 ≤High school diploma 52 (64.2) 40 (63.5) 12 (66.7)

 >High school diploma 29 (35.8) 23 (36.5) 6 (33.3)

Child’s BMI ≥95th percentile 0.025

 Yes 21 (25.9) 20 (31.8) 1 (5.6)

 No 60 (74.1) 43 (68.3) 17 (94.4)

Child’s BMI ≥85th percentile 0.02

 Yes 32 (39.5) 29 (46.0) 3 (16.7)

 No 49 (60.5) 34 (54.0) 15 (83.3)

Mother obese (BMI > 30)a 0.32

 Yes 29 (39.7) 24 (42.9) 5 (29.4)

 No 44 (60.3) 32 (57.1) 12 (70.6)

Total (N = 81) Taster  (N = 63) Nontaster (N = 18)

P valueMean (s.d.) Mean (s.d.) Mean (s.d.)

Child’s age 4.21 (0.61) 4.23 (0.61) 4.16 (0.62) 0.67

Child’s BMI z-score 0.77 (1.27) 0.99 (1.24) 0.03 (1.12) 0.004

Maternal BMIb 28.3 (6.9) 28.7 (6.8) 26.9 (7.1) 0.34

FNS scorec 35.4 (11.4) 35.2 (11.3) 36.2 (12.1) 0.75

Nutritional Data

  % of kcal/day 1,252.9 (477.2) 1,257.3 (508.8) 1,237.4 (356.6) 0.88

  % Fat 35.8 (3.7) 35.7 (3.7) 36.1 (3.8) 0.70

  % Carbohydrate 50.2 (5.0) 50.0 (5.0) 50.5 (4.8) 0.76

  % Protein 15.5 (1.9) 15.7 (2.0) 14.9 (1.8) 0.12

 Grains

  % of kcal/ay 19.9 (4.8) 20.0 (4.8) 19.8 (5.0) 0.88

  Servings/day 3.68 (2.05) 3.70 (2.14) 3.62 (1.74) 0.90

 Fruits

  % of kcal/day 10.9 (5.3) 10.6 (5.5) 12.0 (4.6) 0.32

  Servings/day 1.43 (0.67) 1.40 (0.69) 1.56 (0.60) 0.38

 Vegetables

  % of kcal/day 5.8 (2.4) 5.7 (2.2) 5.9 (2.9) 0.78

  Servings/day 0.93 (0.48) 0.96 (0.50) 0.85 (0.41) 0.40

 Meats

  % of kcal/day 19.9 (5.7) 20.3 (5.8) 18.4 (5.4) 0.21

  Servings/day 1.34 (0.63) 1.38 (0.68) 1.21 (0.39) 0.33

 Dairy

  % of kcal/ day 22.8 (6.1) 23.1 (6.2) 21.7 (6.0) 0.39

table 1 continued on next Page
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There are several reasons that our findings may have paral-
leled only those in preschool-aged girls, and not boys, identi-
fied in prior work (14). The most obvious difference between 
the current sample and prior work is that the present sam-
ple is of significantly lower socioeconomic status and has a 
higher prevalence of childhood overweight. Lower socioeco-
nomic status may unmask or even potentiate genetic predis-
positions to particular food preferences and eating behaviors 
in two broad ways: differences in parenting styles with regard 
to feeding, and differences in the larger food environment. 
Eating behavior characterized by high levels of restraint can 
mask the effect of PROP taster status on weight status among 
adult women (33). Given that lower income has been asso-
ciated with less structured meals and less restrictive feeding 
practices (34,35), PROP taster status may more robustly pre-
dict weight status in low-income children when it is not mod-
ified as strongly by restrictive or controlling parental feeding 
practices. Lower income populations also have less access to 
fresh fruits and vegetables (36), more exposure to fast-food 
restaurants (37), and are more likely to purchase foods higher 
in energy density (i.e., high in fat and sugar, and fewer veg-
etables) for economic reasons (38). Given that PROP taster 
children, compared to nontaster children, have been shown 
to consume fewer vegetables (13), give lower hedonic ratings 

dIscussIon
Being more sensitive to the bitter taste of PROP was directly 
associated with a higher BMI z-score in this population of 
low-income preschoolers in whom overweight was relatively 
prevalent. The relationship was not altered by a number of 
potential confounders. Apart from PROP taster status, the 
other major contributor to children’s BMI z-scores in our 
models was maternal BMI, which likely reflects both genetic 
and environmental factors. The association between PROP 
taster status and preschool-aged children’s BMI is consistent 
with that identified by Keller and Tepper in preschool-aged 
girls (14). We did not detect significant differences in PROP 
taster status based on gender or race/ethnicity, though our 
relatively small sample size may have limited our ability to 
detect an effect. We had hypothesized that PROP tasters 
would be described by their mothers as significantly more 
food neophobic, and that a significantly smaller proportion 
of their daily caloric intake would be from vegetables, but 
neither of these was the case. Given that prior work by Keller 
et al. demonstrated relationships between PROP taster sta-
tus and overweight only in girls, we explored the possibility 
that the patterns of nutritional intake may have varied on the 
basis of an interaction of PROP taster status and gender, but 
this was not the case.

table 2 Models predicting child’s BMI z-score

Model 1 (N = 72) Model 2 (N = 72) Model 3 (N = 72) Model 4 (N = 70) Model 5 (N = 72)

β (s.e.) P β (s.e.) P β (s.e.) P β (s.e.) P β (s.e.) P

PROP taster 0.84 (0.32) 0.01 0.83 (0.32) 0.01 0.85 (0.32) 0.009 0.83 (0.32) 0.01 0.86 (0.32) 0.008

Maternal BMI 0.06 (0.02) 0.002 0.06 (0.02) 0.002 0.06 (0.02) 0.004 0.07 (0.02) 0.002 0.06 (0.02) 0.002

White race — — −0.07 (0.27) 0.79 — — — — — —

Female — — — — 0.26 (0.28) 0.35 — — — —

FNS — — — — — — 0.009 (0.01) 0.44 — —

% kcal from 
vegetables

— — — — — — — — 0.05 (0.06) 0.39

P value, overall model 0.0002 0.0006 0.0004 0.0006 0.0004

R2 (%) 22.3 22.3 23.5 23.0 23.1

Model 1: Most parsimonious model identified using Akaike Information Criteria from potential covariates PROP taster status, child’s age, race, gender, maternal  education, 
maternal BMI, and FNS score; Model 2: Model 1 with the inclusion of race; Model 3: Model 1 with the inclusion of gender; Model 4: Model 1 with the inclusion of FNS; 
Model 5: Model 1 with the inclusion of % kilocalories from vegetables.

table 1 unadjusted bivariate comparisons of covariates by ProP taster status (n = 81) (continued)

Total  (N = 81) Taster (N = 63) Nontaster (N = 18)

P valuen (%) n (%) n (%)

  Servings/ day 1.68 (0.59) 1.70 (0.59) 1.63 (0.62) 0.64

 % Sweets 11.7 (5.1) 11.4 (5.1) 12.8 (5.0) 0.34

 % Sugars 21.3 (5.6) 20.9 (5.7) 22.6 (5.3) 0.27

 Cholesterol (mg) 161.0 (55.8) 161.4 (53.3) 159.4 (64.8) 0.90

 Saturated Fat (g) 19.2 (5.4) 19.0 (5.3) 19.7 (5.5) 0.62

 Fiber (g) 8.8 (3.1) 8.7 (3.0) 9.0 (3.5) 0.74

 Sugars (g) 65.8 (24.8) 64.7 (25.4) 69.4 (22.7) 0.48
an = 73. bn = 72. cn = 78.
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for and selection of foods may have important implications 
for improving dietary composition and reducing childhood 
 obesity risk.
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