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ABSTRACT Young and Nestle suggested that the increase in the portion size of food products evident in the
United States during the past 20 years may be responsible for the epidemic of overweight and obesity. They based
their conclusion on statistical correlations. The purpose of the present study was to provide experimental evidence
to support their proposal. Cornell undergraduate students were given access to a buffet lunch on Monday,
Wednesday, and Friday and were told this was a test of flavor enhancers. They were instructed to eat as much or
as little as they wanted. On the same days of the following week, the subjects were divided into 3 groups. Each
group was served either 100%, 125%, or 150% of the amount of food they had consumed the previous week.
When larger amounts were served, significantly greater amounts of food were consumed. Each of the 4 foods that
comprised the meal (soup, pasta, breadsticks, ice cream) increased significantly in proportion to the portion size.
The data clearly support the hypothesis proposed by Young and Nestle and support the powerful role that
environment plays in determining energy intake and potential increases in body weight. J. Nutr. 134: 2546–2549,
2004.
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There is very little question that the adult population in the
United States is gaining body weight (1,2). Along with the
increase in body weight, there is an increase in chronic disease
(3–8) and the cost of health care (9,10). The degree of
increase has reached such proportions that several prominent
researchers and public health officials have labeled the trend
toward overweight as an epidemic (11–19).

To stop, or even reverse this trend toward increasing body
weight, the root causes of the problem must be determined. An
increase in body weight can be caused only by an increase in
energy intake and/or a decrease in energy expenditure. Al-
though the retrospective data on energy expenditure are dif-
ficult to obtain and reflect mainly leisure time activity, there is
indication of a decline in energy expended in the U.S. popu-
lation (20–22). The data demonstrating a trend toward in-
creased daily energy intake are not definitive, but a number of
studies suggested that a significant increase in energy con-
sumption has occurred over the past 30 years (23,24). Perhaps
the most compelling record showing that the increase in
obesity was related to the increase in energy intake appeared in
U.S. food disappearance data compiled by the USDA (25). A
close examination of these data reveals that daily energy
intake remained flat from 1960 until �1983; then it increased
every year in an almost linear fashion. A similar abrupt in-
crease in incidence of obesity occurring in the early 1980s was
revealed in data provided by the 4 National Health and

Nutrition Examination Surveys (NHANES) (26). The inci-
dence of obesity remained constant from the first survey per-
formed in the late 1960s until the late 1980s or early 1990s,
but increased substantially by the mid-1990s when daily en-
ergy intake also began showing the yearly increase. Although
food disappearance is not a precise indicator of food consump-
tion, the concomitant rise in the incidence of obesity with the
increase in daily energy consumption strongly suggests that
yearly trends in food disappearance do reflect changes in food
consumption in the population. If this is the case, then re-
search into the cause of the rise in overweight and obesity
should focus on the reasons why an increase in daily energy
consumption is occurring in the population.

One reason for the increased consumption was recently
suggested by Young and Nestle (27). They hypothesized that
the trend toward increased obesity is closely related to the
increase in the prevalence of large portion sizes being sold to
the American public. The data displayed in Figure 1 are drawn
from their analysis. The USDA food consumption data are
also plotted in this figure. The bars indicate the number of
larger-size portions introduced into the U.S. marketplace. The
increase in the amount of food consumed appeared when the
number of larger-size portions was introduced.

However, their argument does not establish a causal link
between the increase in portion size and the amount of food
consumed. Few papers have examined this relation and those
that were published did not demonstrate a strong relation.
Booth et al. (28) presented data showing that the larger the
lunch that was served to subjects, the more they ate, but very
few details of the study were provided. Edelman (29) did not
find an increase in consumption when the amount of the
entrée served increased from a small (225 g) to a medium
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portion (426 g), but did observe a small increase in the amount
consumed when a large portion (1000 g) was served. Rolls et
al. (30) found that the amount of food children �5 y old
consumed increased as the amount they were served increased,
but that younger children did not show such a relation. More
recently, Rolls et al. (31), using a fairly large sample of adult
subjects, noted an increase in intake with increasing serving
size. However, the slope of the function relating increased
intake with increased serving size was flat (0.19 g increase in
amount consumed for every additional gram served) indicating
a rather small effect. In the present study, we examined the
effect of the amount of food served on the amount consumed
by young adults.

SUBJECTS AND METHODS

Subjects. The 9 males and 4 female subjects were selected from
a larger pool of undergraduate students and staff who were recruited
by flyers and class announcements. They were screened for food
allergies. Those allergic to any of the foods served in the study were
excluded. In addition, the potential subjects were administered the
Stunkard restraint scale (32). Only those exhibiting a restraint score
�30 were accepted into the study.

The subjects were deceived into thinking that the study was about
taste enhancers and the perception of certain foods. They received a
debriefing session after the study. The study was approved by the
Cornell Human Subjects Committee. Incentives for participation
included free lunches, free dinner coupons, and extra credit for a
Human Development class.

The weight of the subjects (mean � SD) was 71.4 � 16.4 kg,
height was 174.3 � 11.2 cm, and age was 23 � 8.6 y. Their BMI was
23.2 � 2.9 kg/m2. Weights and heights were measured by staff using
medical scales and height measures at the first test session.

Test meal and food intake measurement. On Monday, Wednes-
day, and Friday of wk 1 (baseline), the subjects were asked to record
what they ate for breakfast, midmorning snack, and any beverages
they consumed before lunch. They were also asked to record their
activity before lunch. Subjects were asked to eat the same foods and
maintain the same level of activity they exhibited in wk 1 throughout
wk 2 of testing. In addition, subjects completed a 7-point hunger
rating scale before and after eating.

Each lunch consisted of water and 4 foods: vegetable soup, riga-
toni pasta and tomato sauce, breadsticks, and ice cream. All food was
presented on a buffet table. Subjects took each food on separate plates
or bowls. The experimental design is shown in Table 1. During wk 1
of testing, the subjects were instructed to take as much or as little as
they wished from the buffet table. Each plate of food was weighed by
one of the investigators. When subjects indicated that they had
completed the meal, the plates were again weighed. The amount
consumed was derived from the difference in plate weight. Although
subjects could request additional food, they did not do so. They were
also told that they were not required to eat everything on their plate.
Water was consumed freely without measurement. The mean intake
of each food for each subject during wk 1 was used as the baseline to
determine the 100, 125, and the 150% condition administered in wk

2. The amount of each food in the meal was 100, 125, or 150% of the
original amount consumed.

For wk 2, the subjects were randomly assigned to 1 of 3 groups,
Group A, Group B and Group C. Each group differed only in the
sequence with which they were served the 3 different portion sizes.
On each test day, each group received either the 100%, the 125% or
the 150% portion size as displayed in Table 1. Each group sat at a
different table and received a different portion size. The amount of
food was weighed and placed on a separate plate.

Statistical analyses. ANOVA with repeated measures was used
to test for statistical significance with an � of 0.05.

RESULTS

Although subjects received the same food 6 times in 2 wk,
intake did not decline during the period of testing. Similarly,
the total food consumed did not differ among any of the 6 d of
testing. No interactions between portion size and test day were
observed.

The total grams of food consumed by subjects when they
were offered the 3 portion sizes are illustrated in Figure 1. The
greater the amount of food subjects were served, the more they
consumed, with each portion size significantly different from
the others (P � 0.05). The difference in energy intake be-
tween the control intake and 125% of the control portion was
(mean � SEM) 0.687 � 0.131 MJ (165 � 31 kcal) and the
difference between the 125% portion and the 150% portion
was 0.24 � 0.212 MJ (105 � 51 kcal). Both differences were
significant.

The effect of serving large portion sizes was evident for all
4 components of the meal. Increasing portion size increased
the amount of each of the 4 foods consumed (P � 0.01;
Fig. 2).

The amount of food consumed was not associated with
either the absolute hunger rating or the reduction in the
hunger ratings. Males and females did not differ, but the
sample contained only 4 females, severely limiting the statis-
tical power to detect any effect of gender.

TABLE 1

Experimental design1

Monday Wednesday Friday

Week 1 Buffet lunch Buffet lunch Buffet lunch
Week 2 Group A (100%) Group A (150%) Group A (125%)

Group B (125%) Group B (100%) Group B (150%)
Group C (150%) Group C (125%) Group C (100%)

1 Percentages refer to portion size compared with the amount pre-
viously consumed ad libitum.

FIGURE 1 The amount of lunch consumed by young adults as a
function of portion size. Portion size is the percentage of the amount
previously consumed when food was offered in a buffet and consumed
ad libitum. Values are means � SEM, n � 13. Means without a common
letter differ, P � 0.05. Energy intakes [mean MJ and kc (kcal)] are given
above each bar.
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DISCUSSION

The data from the present study are consistent with the
previous findings in adults (28,31,33,34) and in older children
(30): serving larger portions results in eating more food. These
data are also consistent with studies that have observed the
consumption of foods is directly related to the size of the
container in which they were served (35,36). These data,
therefore, strongly support the argument made by Young and
Nestle (27) that increased serving size could be a major factor
responsible for the increase in overweight and obesity that is so
evident today.

One reason why the relation between amount served and
amount consumed is much stronger in the present study than
that observed by Rolls et al. (31) may be that the size of the
portions offered were considerably smaller and were based on
the amount of food the subjects actually served themselves.
Moreover, a close examination of the plot of the amount
consumed as a function of the amount served suggested that a
maximum amount ingested may occur at �450–500 g. Three
of the 4 portions tested by Rolls et al. (31) were �500 g. It is
interesting that Gelibter and Hashim (37) found that the
maximum volume of the stomach of adults with no eating
disorder is �500 mL. Given that the density of most foods is
�1 kg/L, it is not unreasonable to suggest that a comfortable
upper limit of food ingested may be �500 g.

There are several factors concerning this study that limit
the ability to generalize the results to the general population.
First, “normal” intake may have been underestimated. The
baseline amount of food consumed was determined during wk
1 of the study by measuring the amount of food subjects ate
when they obtained their food from a buffet table. Most of the
subjects were not familiar with other subjects in the study.
Clendenen et al. (38) showed that college age students tend to
eat less food when they eat in the presence of strangers than
when they eat with friends. However, the mean amount the
subjects consumed for lunch was well within the amounts
normally consumed for lunch by subjects of this particular age,
weight, and lifestyle.

The second limitation of the present study concerns the

population. The college age population used in this study
displays considerably greater weight gain than the general
population (39), frequently referred to as the “Freshman 15.”
In addition, these subjects, Cornell undergraduate students,
regularly eat in “all-you-can-eat” dining halls and may be more
comfortable than the general population consuming as much
food as is available.

A third limitation of the study is that the subjects ate in
groups and may have been subjected to a “social facilitation”
effect of eating in the presence of others. Although social
facilitation increases the amount of food consumed (38,40–
43), there is no indication from the literature that social
facilitation interacts with portion size in determining an indi-
vidual’s intake. However, the function that relates intake to
portion size (Fig. 1) may not be generalized to situations in
which individuals eat alone or in larger groups. In a similar
vein, because the subjects ate together, watching others eat
may have affected the intake/portion size function. Although
food modeling by others has been demonstrated to signifi-
cantly affect food choice (44–47), it has not been shown to
affect the amount of food a person consumes.

The fourth, and perhaps most important limitation of the
present study, is that the effect of increasing portion size was
limited to the observation of a single meal. There are no
published data examining the chronic effects of serving larger
portion size on the amount consumed at the subsequent meal.
It is possible that consuming a large meal may inhibit food
consumption at later meals. However, there are data showing
that the amount eaten at breakfast or at between-meal snacks
does not affect the amount consumed at subsequent meals
(48).

It should also be noted that the sample size (13 subjects)
was relatively small. This limitation in sample size minimizes
the power necessary to discern an effect of gender or other
characteristics of the subjects that would have yielded more
insight into the nature of the effect of portion size on intake.

Is it unrealistic to think that the effect of increasing portion
size is sufficiently powerful to be a serious cause of the “Epi-
demic of Obesity?” Using USDA Consumption and Family
Living data (49), we estimated that the rate of increase in daily
energy intake during the last 20 years, when the rise in
overweight and obesity occurred, was only 0.12 MJ (29.6
kcal)/d. Hill et al. (20), using other methods, estimated the
median increase in intake at �15 kcal/d. The present study
indicated that increasing the portion size of a standard size
lunch by 50% (Fig. 2) produced an increment in energy intake
of 1.1 MJ (273 kcal). Therefore, the present data suggest that
the magnitude of the portion size effect on energy consump-
tion in adults is sufficient to account for the increase in
population weight that occurred over the past 30 years.

At a theoretical level, these data provide strong support for
the “Settling-Zone” theory of the regulation of body weight
(48). This idea suggests that biological factors determine a
“Settling-Zone” or a fairly wide range of body weights within
which body weight is not regulated. Body weight within the
“Settling-Zone” is solely a result of environmental factors that
influence energy intake and energy expenditure. Portion size
may be a good example of an environmental factor that may
profoundly affect body weight within this “Settling-Zone.”

The results of the present study, as well as others, support
the hypothesis proposed by Young and Nestle (27) that a
major reason for the increased incidence of overweight and
obesity observed in the United States is the increased food
consumption caused by serving larger portion sizes. The
greater the quantity of food served to our subjects, the more
they ate. From a public health perspective, the results of this

FIGURE 2 The amount of each food consumed by young adults
as a function of portion size. Portion size is the percentage of the
amount previously consumed when food was offered in a buffet and
consumed ad libitum. Values are means � SEM, n � 13. For each food,
the portion sizes differed, P � 0.05.
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study are extremely encouraging. If Young and Nestle (27) are
correct that the increase in portion size is a major cause of the
“Epidemic of Obesity,” then it should be possible to stop and
possibly reverse this trend toward increased body weight by
controlling the size of portions served to the American people.
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