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Purpose: The aim of this study was to investigate the hypothesis that obesity in Israeli 
children is associated with chronically increased hunger and to examine for persistent 
abnormalities of satiation and between-meal satiety in these children.
Subjects/Methods: The parents of 200 children with obesity and 100 normal-weight 
children completed a questionnaire together with their child that rated hunger, food intake 
at main meal, and speed of eating. Time to hunger from the main meal was also recorded. 
Children with hunger ratings above 4 on a 7-point scale were considered to have persistent 
hunger. Food intake ratings at the main meal were used as an approximate indicator of 
satiation and time from main meal to feeling hunger as an approximate indicator of between- 
meal satiety.
Results: There were marked differences between children with obesity and controls for 
hunger, food intake at main meal and speed of eating ratings (all p<0.001). The difference to 
time to hunger reached significance after adjusting for age and sex (p=0.048). 41% of the 
children with obesity had the highest rating for persistent hunger versus 5% of controls 
(p<0.001).
Conclusion: Persistent hunger, abnormal food intake at the main meal and rapid eating are 
common in children with obesity and are often of marked degree. These findings could have 
implications for understanding how pediatric obesity perpetuates itself and even worsens and 
its resistance to successful treatment over the long term.
Keywords: hunger, obesity, pediatrics, speed of eating

Plain Language Summary
Self-reported speed of eating is a risk factor for an increase in BMI and obesity in cross- 
sectional and longitudinal studies and a meta-analysis in children and adults. Another meta- 
analysis showed a relationship between eating speed and energy intake. A previous study by 
the study group using a questionnaire reported that a large percentage of American children 
and adolescents with obesity have significantly increased persistent hunger, food intake, and 
speed of eating compared to normal-weight children. The aims of this study were to confirm 
these findings in Israeli children using a similar questionnaire and to examine for persistent 
abnormalities in food intake at the main meal of the day and between-meal satiety. This study 
found that persistent hunger, increased food intake at the main of the day, rapid eating and 
decreased satiety are common in children with obesity and are often of marked degree. 
Although a cross-sectional study, this study supports the hypothesis that what may have 
begun as a linear relationship between speed of eating and energy intake could become a 
reinforcing cycle in which hunger and increased speed of eating perpetuate the obesity, lead 
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to resistance to successful treatment and continuing excessive 
weight gain in many obese children.

Introduction
Relationships between speed of eating and indices of obe-
sity have been well documented for adults and children. 
The association between increased self-reported eating rate 
and indices of obesity in adults was the subject of 
a systemic review and meta-analysis by Ohkuma et al1 

that included 12 cross-sectional and 3 longitudinal studies. 
Mean difference in BMI between individuals eating 
quickly and those eating slowly was 1.78 kg/m2, and the 
pooled odds ratio for the presence of obesity from eating 
quickly was 2.15 (95% confidence interval 1.84–2.51). 
Several large cross-sectional pediatric studies, particularly 
from Asia, found eating speed to be significantly asso-
ciated with BMI.2–6 A strong relationship between self- 
reported speed of eating and subsequent BMI has also 
been shown in pediatric longitudinal studies.7–9 In addi-
tion, there appears to be a significant genetic basis to speed 
of eating as determined from studies on twin children.10 

Nevertheless, to our knowledge, other aspects of abnormal 
eating behavior, such as chronic hunger, a persistently 
increased intake at the main meal of the day and 
a chronic disturbance of satiety have not been reported in 
the literature using self-reported scales.

It was observed by the principal investigator of this 
study that many parents of children with obesity seen in 
his pediatric endocrine practice in the US complained that 
their offspring were excessively hungry for much of the 
time and that this was interfering with compliance with 
dietary management and successful weight control. 
A preliminary study was therefore carried out in his prac-
tice using a questionnaire that the parents and child were 
asked to complete together and this was subsequently 
reported.11 A unique finding of this study was that 
a large percentage of children and adolescents with obesity 
had significantly increased persistent hunger, as well as 
increased food intake and speed of eating compared to 
normal-weight children. Because of the possible implica-
tions of these findings in terms of understanding the per-
petuation and worsening of pediatric obesity, a larger and 
more comprehensive study was performed in Israeli chil-
dren with obesity using a questionnaire with a 7-point 
scale rather than a 4-point scale.

The aims of this study were to confirm the previous find-
ings of persistently increased hunger and speed of eating in 
children with obesity and thereby provide support to the 

hypothesis that pediatric obesity is commonly associated 
with increased chronic hunger. Other aims were to examine 
for persistent abnormalities of food intake at the main meal of 
the day and time to feeling hunger from the main meal of 
the day in these children. Food intake at the main meal 
of the day could be regarded as an approximate indicator of 
satiation. Satiation describes the state leading to meal 
termination.12 The time interval to feeling hunger after the 
main meal of the day was included in the questionnaire as an 
approximate indicator of usual between-meal satiety. Satiety is 
the state whereby further eating is inhibited by fullness until 
the next meal.12

Methods
This was a cross-sectional study performed in clinics of 
the health fund Clalit Health Services in Jerusalem, Israel. 
Subjects were 200 children and adolescents with obesity 
evaluated consecutively in the health fund pediatric weight 
control clinic. This included an evaluation of the etiology 
of their obesity, a nutrition evaluation, and discussion as to 
treatment. All subjects with obesity had a BMI z-score 
greater than the 95th percentile for age using the US 
Center for Disease Control and Prevention BMI 
standards.13 They were weighed and measured with their 
clothes but without their shoes. Exclusion criteria were 
a medical condition or receiving medication likely to 
affect weight or appetite. Comorbidities such as hyperten-
sion, hyperlipidemia and type 2 diabetes were not regarded 
as exclusion criteria. Controls constituted age- and sex- 
matched normal-weight children with a BMI z-score less 
than the 75th percentile for age seen in a Clalit Health 
Services primary care pediatric practice in a typical suburb 
of Jerusalem. Similar exclusion criteria were applied to the 
controls as the subjects with obesity. Because of its pre-
viously demonstrated clinical usefulness, a one-page food 
frequency questionnaire has been routinely administered in 
Hebrew or Arabic to all patients seen in the weight control 
clinic at their initial and follow-up physician visits since 
its inception, and this questionnaire includes questions 
regarding eating behavior. The outpatient nurse provides 
the questionnaire to the parents and requests the accom-
panying adult or adults to fill in the questionnaire together 
with their offspring prior to being seen by the physician. If 
the child is too young to provide any input, the parents 
alone complete the questionnaire. Families are asked to 
grade the child’s hunger level, food intake at the single 
main meal of the day, and speed of eating of their off-
spring on a1 to 7-point scale. The rating system for hunger 
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is 1 “much less hunger than normal,” 4 “normal hunger,” 
and 7 “hungry for most of the time.” The rating system for 
food intake at the main meal of the day is 1 “less than 
average,” 4 “reasonable amount,” and 7 “more than aver-
age.” Children with hunger ratings above 4 are considered 
to have persistent hunger. Speed of eating is rated as 1 
“very slowly,” 4 “reasonable speed,” and 7 “very fast.” 
Families are also asked to assess how long after their 
child’s main meal of the day he or she again feels hunger. 
Because the food frequency questionnaire for specific food 
items has been improved since this study was performed, 
this data is not included in this report. The Helsinki 
Committee of Clalit Health Services at Meir Hospital 
which complies with the Declaration of Helsinki approved 
the retrospective evaluation of questionnaires provided to 
families of children with obesity in the clinic and the 
administration of the same questionnaire with a consent 
section to normal-weight controls. Written informed con-
sent was provided by the parents/legal guardians for all 
children participating as controls in this study.

Statistics
Baseline characteristics of the cohort were assessed using 
standard descriptive statistics. Ratings for (1) hunger, (2) 
food intake, (3) speed of eating, and (4) time to hunger 
were each compared between the two groups using a two- 
tailed Wilcoxon test. In addition, in order to ascertain that 
the differences in ratings observed between the two groups 
were not due to differences in age and sex, multivariable 
ordinal regression analyses were performed, for each rat-
ing, with regard to obese status, adjusted for age, sex, and 
an interaction term for sex together with the obese status, 
aimed to assess whether the link between each rating to 
obesity was different in males and females. For compar-
isons of categorical data, the Fisher exact test was used. 
Correlation coefficients and the significance of the asso-
ciation between pairs of features were estimated using 
Spearman’s method. All statistical analyses were per-
formed with R software version 3.5.1 (R Foundation for 
Statistical Computing).

Results
The anthropometric characteristics and eating behavior of 
the children with obesity and controls are shown in Table 1. 
It can be seen that patients and controls were well balanced 
with respect to age and sex as per the study design. The age 
range of the patients with obesity was 3.9 to 18.1 years and 
4.9 to 17.6 years for the normal-weight controls.

A marked difference was found between the children 
with obesity and the normal-weight controls with respect 
to ratings for hunger, food intake at main meal and speed 
of eating. The mean of the hunger ratings for the children 
with obesity (mean, SD) was 5.63 (1.35) versus 4.28 
(1.12) for the controls (p<0.001), mean of the ratings for 
food intake at their main meal for the children with obesity 
was 5.20 (1.35) versus 3.66 (1.07) for the controls 
(p<0.001), and mean of the ratings for speed of eating 
for the children with obesity was 4.86 (1.68) versus 3.97 
(1.29) for the controls (p<0.001). In addition, a shorter 
time to hunger (in hours) from the main meal was 
observed for the children with obesity, with a median of 
2.0 and an interquartile range [IQR] of [1.0–3.0] versus 
2.5 [1.5–3.5] for the controls, although this difference did 
not reach statistical significance (p=0.08).

Further analysis showed that 41% of families of children 
with obesity admitted that their offspring had the highest 
rating for hunger, namely ״hunger for most of the time” 
versus only 5% of the normal weight children (p<0.001), 
and an abnormal hunger rating of >4 was recorded for 71% 
of the children with obesity versus 34% of the children with 

Table 1 Characteristics and Eating Behavior of the Children with 
Obesity and Normal-Weight Controls

Clinical Values Subjects 
with 
Obesity

Normal 
Weight 
Controls

P-value

Number of subjects 200 100

Mean age (decimal years), 

mean (SD)

11.1 (3.7) 11.1 (3.2) NS

Sex distribution % (F/M) 57.3/42.7 47/53 NS

BMI z-score, mean (SD) 2.33 

(0.40)

−0.42 

(0.73)

<0.001

Hunger ratings (1–7), mean 

(SD)

5.63 

(1.35)

4.28 (1.12) <0.001

Ratings for food intake at 

main meal rating (1–7), mean 
(SD)

5.20 

(1.35)

3.66 (1.07) <0.001

Ratings for speed of eating 
(1–7), mean (SD)

4.86 
(1.68)

3.97 (1.29) <0.001

Time to hunger from main 
meal (hours), median 

[interquartile range]

2.0 
[1.0–3.0]

2.5 
[1.5–3.5]

NS

Note: Subjects with obesity had a BMI s-score greater than the 95th percentile for 
age and controls a BMI z-score less than the 75th percentile for age. 
Abbreviations: F/M, female/male; NS, non-significant.
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a normal weight (p<0.001). Of the children with obesity, 
26% had the highest rating for food intake at their main meal 
versus 0% of controls (p<0.001), and 60% of the patients 
with obesity had a food intake rating at their main meal of 
>4 compared to 13% of controls (p<0.001). Twenty 
six percent of the children with obesity had the highest rating 
for speed of eating versus 5% of controls (p<0.001), and 
49% of the children with obesity had a speed of eating rating 
of >4 versus 19% of controls (p<0.001).

In order to account for the wide age range of the patients 
and controls, multivariable ordinal regression analyses were 
performed adjusting for age and sex (see Table 2). 
Differences in the variables tested remained significant in 
multivariable models adjusted for age and sex. 
Interestingly, a significant interaction was found between 
sex and obesity with respect to speed of eating and intake at 
the main meal, with male children with obesity eating sig-
nificantly faster and eating more at their main meal than 

their female counterparts (p<0.001), while no significant 
association with sex alone was apparent. There was also 
a significant association between age and time to hunger 
from the main meal, with the younger patients with obesity 
displaying a reduced time to hunger (p<0.001), while no 
interaction with age was apparent for the other variables. In 
this adjusted regression analysis, the difference observed 
between children with obesity and controls with respect to 
time to hunger from the main meal did reach statistical 
significance (p=0.050).

Figure 1A–D show the percentages of ratings for the 
children and adolescents with obesity and the control 
group for hunger, food intake at main meal and speed of 
eating, and also time to hunger from the main meal. For 
the control subjects, hunger, food intake at main meal and 
speed of eating displayed a distribution centered around 4. 
In the children with obesity, a large peak was observed for 
a rating of 7 for hunger (Figure 1A), and peaks around 7 
were also seen for food intake at main meal (Figure 1B) 
and speed of eating (Figure 1C). In addition, a shorter time 
to hunger from the main meal was observed in the children 
with obesity compared to controls (Figure 1D), with a time 
to hunger of less than two hours being reported in a greater 
proportion of the patients with obesity, whereas a time to 
hunger greater than 3 hours was reported in a greater 
proportion of the controls.

For all subjects combined, BMI z-score was signifi-
cantly correlated with hunger (r=0.43, p<0.001), food 
intake at the main meal of the day (r=0.51, p<0.001), 
and speed of eating (r=0.30, p<0.001), and inversely cor-
related to time to hunger from the main meal of the day (r= 
−0.16, p<0.01). Hunger was significantly correlated with 
food intake at main meal (r=0.50, p<0.001) and speed of 
eating (r=0.33, p<0.001), and inversely correlated with 
time to hunger from the main meal (−0.45, p<0.001). 
Time to hunger from the main meal was also significantly 
inversely correlated with speed of eating (r=−0.19, 
p=0.001), as was intake at the main meal (r=−0.19, 
p=0.002).

Discussion
Using a questionnaire, we have demonstrated marked dif-
ferences between Israeli children and adolescents with 
obesity compared to age- and sex-matched controls with 
normal weight with respect to ratings for persistent hunger, 
usual food intake at the main meal of the day, and usual 
speed of eating. Time to hunger from the main meal of 
the day was also shorter in the children with obesity than 

Table 2 Multivariable Ordinal Regression Analyses for Ratings 
for Hunger (1), Food Intake at Main Meal (2), Speed of Eating (3), 
and Time to Hunger from Main Meal (Hours) (4), Adjusted for 
Age and Sex, and Sex/Obesity Interaction

Dependent Variable

Hunger Main 
Meal

Speed of 
Eating

Time to 
Hunger

(1) (2) (3) (4)

1.997 3.006 1.907 −0.624

Obesity (1.317, 

2.677)

(2.246, 

3.766)

(1.234, 

2.580)

(−1.246, 

−0.001)

p <0.0001 p <0.0001 p <0.0001 p = 0.050

−0.022 −0.017 −0.001 0.113

Age (−0.080, 
0.037)

(−0.076, 
0.042)

(−0.061, 
0.058)

(0.051, 
0.176)

p = 0.467 p = 0.572 p = 0.969 p = 0.0004

0.437 0.509 0.458 −0.511

Sex female (−0.307, 

1.181)

(−0.259, 

1.278)

(−0.271, 

1.187)

(−1.233, 

0.211)

p = 0.250 p = 0.194 p = 0.219 p = 0.166

Interaction 

term

−0.332 −1.112 −1.288 0.514

Sex female 

with

(−1.239, 

0.575)

(−2.043, 

−0.181)

(−2.196, 

−0.381)

(−0.371, 

1.399)

Obesity p = 0.474 p = 0.020 p = 0.006 p = 0.255
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for matched controls and this difference almost reached 
significance, and did reach significance in a regression 
analysis adjusted for age and sex. These results therefore 
provide support to the notion that children with obesity 
show greater hunger, greater food intake at the main meal 
of the day and faster eating than normal-weight children. 
A shorter time to hunger after the main meal is also 
a feature of pediatric obesity, although it is a less promi-
nent feature, displays age-dependency, and is seen parti-
cularly in children with marked hunger. Our observation 
that persistent hunger is common in children with obesity 
has not, to our knowledge, been generally recognized. Of 
note is the extreme nature of the hunger, fast eating and 
increased eating at the main meal of the day in many of the 
patients with obesity studied, as evidenced by the families 
providing the highest ratings for these variables on the 
questionnaire.

On the regression analysis, we also found a gender 
interaction for speed of eating and food intake at the 
main meal, with male children with obesity eating signifi-
cantly faster than female children with obesity and having 
an increased food intake, differences which were not 
apparent in the controls. Zijlstra et al14 found that ad 
libitum intake and eating rate for a test meal were signifi-
cantly higher in normal-weight men than normal-weight 

women. Barkeling et al15 found that energy intake was 
greater in adult males than adults females. In normal- 
weight men this was because they ate longer and in men 
with obesity because they ate faster. Nevertheless, to our 
knowledge, increased speed of eating and increased food 
intake in male children with obesity in comparison to 
female children with obesity has not previously been 
described.

A meta-analysis of 22 studies by Robinson et al16 

demonstrated a relationship between eating speed and 
energy intake. In the studies analyzed, subjects were of 
any age, eating rate was manipulated, and the effect of 
doing this on concurrent energy intake, later self-reported 
hunger, or both were observed. This meta-analysis, plus 
the studies on self-reported speed of eating previously 
mentioned, and in particular the longitudinal studies, sug-
gest the possibility of a causal relationship between 
increased speed of eating and indices of obesity.2–9 

Although this was a cross-sectional study, the importance 
of our findings is that they raise the possibility that the 
triad of chronic hunger, a persistently high eating rate and 
increased food intake found in a large percentage of the 
children with obesity in this study indicates that what may 
have begun as a linear relationship between speed of 
eating and energy intake has now become a reinforcing 

Figure 1 (A–D) Percentages for ratings for hunger, food intake at main meal and speed of eating, and time to hunger from main meal in hours for children and adolescents 
with obesity and normal weight controls.
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cycle that could contribute to perpetuation of the obesity, 
to resistance over the long term to successful treatment, 
and in many instances to continuing excessive weight 
gain. An excessive degree of hunger, for example, may 
lead to hedonic desires for high calorie foods. These are 
frequently ultra-processed foods that are soft in texture, 
provide poor satiation and are eaten quickly.17,18 Poor 
satiation may also favor large portion sizes. These may 
be consumed with a larger bite size and hence with an 
increased eating rate.19

We also suggest that the simple questions developed 
for this study may have utility in clinical practice for 
readily identifying those children with obesity who have 
marked degrees of hunger and marked speed of eating and 
satiation abnormalities. The importance of this is that the 
obesity of such children may not respond well to caloric 
restriction with behavioral modification alone, and atten-
tion also needs to be focused on their underlying hunger.20

A report of persistent hunger reaches into the area of 
food hedonics, and specifically food wanting, which can 
be defined as the drive to eat triggered by a food cue 
beyond the need for energy homeostasis.21 It could be 
argued that this is a highly subjective feeling and that 
hunger ratings from the questionnaire we administered 
have little objective value, particularly in children. 
However, we suggest that the ratings in this questionnaire 
do have considerable value. This is because the parents 
were asked to complete the questionnaire together with 
their offspring. It is likely that many of the older children 
with obesity had sufficient insight to appreciate that their 
hedonic desire for food at meals was different from that of 
their normal-weight friends and acquaintances. The par-
ents, on the other hand, may have answered this question 
from a different perspective, in that their ratings could 
have included the feedback they frequently obtained 
from their child about he or she still being hungry despite 
being offered an adequate amount of food, their observa-
tions of their child’s food intake, speed of eating and 
between-meal satiety, and their frequent struggles with 
their child over his or her desire for additional food. In 
other words, their rating graded their child’s behavior in 
relation to hunger. The questions in this questionnaire 
were used clinically, and it is our impression that the 
families had no problem understanding the questions on 
eating behavior, including that on hunger, and none of 
these questions were left blank. It is our impression, there-
fore, that this combined assessment by parent and child is 
a meaningful reflection of a child’s drive to eat when 

presented with food. In addition, ratings for hunger, food 
intake at the main meal and speed of eating were signifi-
cantly inversely correlated with between-meal satiety. 
Time to hunger from the main meal can be considered 
a somewhat more precise value than ratings for eating 
behavior, being a number that can be readily agreed 
upon by parent and child. In addition, the fact that the 
highest rating for hunger was written as “hungry for most 
of the time” would have excluded hedonic eating related to 
specific food items or the child being usually hungry at 
specific times of the day.

Self-reported scales regarding hunger and fullness have 
been used extensively in feeding studies in adults, and 
although correlations are of low magnitude they do sig-
nificantly predict subsequent energy intake in this type of 
experimental setting.22 The same variables analyzed in our 
questionnaire could, of course, be measured during 
a monitored test meal together with appetite scores. 
Nevertheless, eating behavior during a single test meal 
may not always reflect the chronic situation, in that the 
experimental situation is itself open to additional variables, 
particularly in children, such as the extent of liking of the 
test meal, the nature of the test meal, the interference of 
the monitoring equipment with normal eating, and the 
absence of socialization that would otherwise effect meal 
duration.23 We therefore suggest that despite its impreci-
sion, the type of questionnaire we have administered is an 
adequate way for assessing persistent hunger and satiation 
abnormalities and is open to parental and self-observation 
in a similar manner to a chronic speed of eating abnorm-
ality. The finding of increased hunger in two pediatric 
studies, although performed in different countries, also 
reflects favorably on this type of question.11

It could be argued that some parents of the children 
with obesity would have difficulty estimating what consti-
tutes a normal situation for speed of eating and food 
intake, as they themselves may have abnormal eating 
behavior as a result of their own obesity. Nevertheless, 
we suggest that parents of children with obesity have 
ample opportunity to observe the differences between 
their child’s eating behavior compared to normal-weight 
family members, including siblings, as well as their child’s 
friends and schoolmates.

Another possible concern is whether the children with 
obesity in this study are truly representative of the obese 
pediatric population in Israel. However, there is reason to 
believe that these children are representative of the pedia-
tric obese, at least in Jerusalem and its immediate referral 
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area. Firstly, this study was performed in a community 
health-fund pediatric weight-control clinic and not in 
a hospital-based center. Secondly, all patients were 
referred by primary care physicians from the health fund 
who had been encouraged to refer all their pediatric 
patients with obesity to this clinic, with the only criteria 
for referral being excessive weight gain. With respect to 
the controls, they were recruited from a single representa-
tive primary care pediatric office in Jerusalem. Moreover, 
ratings for hunger, food eaten at the main meal and speed 
of eating for the control subjects display an approximately 
normal distribution centered around an average rating of 4 
(Figure 1A–C) providing additional assurance that our 
control group reflects a normal pediatric population. The 
75th percentile for BMI z-score was chosen as the upper 
limit for the controls, as in our previous study in the 
United States, so as to exclude children who were over-
weight or who were trending into the overweight category.

Conclusion
In conclusion, we have demonstrated that the parents of 
a majority of children with obesity attending a community 
health-fund weight-control clinic in Israel report the presence 
of persistently increased hunger, increased food intake at the 
main meal of the day, and increased speed of eating in their 
offspring compared to normal-weight children, and these 
features are often present to a marked degree. Time to hunger 
after the main meal is also significantly abnormal in these 
children, although this is not as prominent a feature as their 
food intake abnormality and it is age-dependent. Although 
a cross-sectional study from which causality cannot be deter-
mined, we hypothesize that the features we have described 
may lead to the development of a self-perpetuating cycle that 
may contribute to persistence of obesity, resistance over the 
long-term to successful treatment, and to continuing exces-
sive weight gain.
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