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Increased portion size leads to a sustained increase in energy intake over 4d
in normal-weight and overweight men and women
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Large food portions may be facilitating excess energy intake (EI) and adiposity among adults. The present study aimed to assess the extent to
which EI and amounts of foods consumed are influenced by the availability of different-sized food portions. A randomised within-subject
cross-over, fully residential design was used, where forty-three (twenty-one men and twenty-two women) normal-weight and overweight adults
were randomly allocated to two separate 4d periods where they were presented with either ‘standard’ or ‘large’ food portions of the same
foods and beverages. The main outcome measures were the amount of food (g) and EI (MJ) consumed throughout each study period. Mean EI
over 4d was significantly higher on the large portion condition compared with the standard condition in the total group (59-1 (SD 6:6) v. 52-2
(sp 14-3) MJ; P=0-020); men and women increased their EI by 17 % (10 (sp 6-5) MJ; P<<0-001) and 10 % (4 (sD 6-5) MJ; P=0-005) respectively
when served the large food portions relative to the standard food portions. The increased intakes were sustained over the 4 d in the large portion
condition with little evidence of down-regulation of EI and food intake being made by subjects. Increased food portion size resulted in significant
and sustained increases in EI in men and women over 4 d under fully residential conditions. The availability and consumption of larger portions of
food may be a significant factor contributing to excess EI and adiposity.

Appetite: Energy intake: Obesity: Portion size: Weight management: Adults

The burgeoning rates of obesity in genetically stable popu-
lations such as in Europe and North America suggest that
an increasingly obesogenic environment is the major driving
force behind this epidemic'". Fostering the delicate balance
between energy intake (EI) and energy expenditure to main-
tain a healthy body weight is now exceedingly difficult for
many individuals. In the past few decades several key
environmental and cultural factors have converged to increase
the probability of over-eating in the face of reduced energy
needs.

One environmental factor which has become the focus of
attention is that of food portion size, which has been increas-
ing steadily over the past two decades in parallel with the rise
in overweight and obesity®”. Studies have demonstrated that
portions of food sold in supermarkets, fast food establishments
and restaurants have steadily increased since the mid
1980s®?, a trend that has been most apparent and best docu-
mented in the USA. Consequently, it is hypothesised that
increasing portion sizes of food may be undermining normal
appetite control and inciting over-eating.

One possible reason for over-eating is that consumers tend
to eat what they are served™, even if it is an inappropriate
amount for their energy needs, and consequently may not
compensate for this overconsumption at subsequent eating
occasions. Indeed, it may be the case that the availability of
larger food portions may have a greater impact on food con-
sumption than physiological satiety cues.

However, despite pervasive commercial trends towards
large food portions, there is surprisingly little hard evidence
that these are causally linked to excess EI or indeed obesity.
Thus, while the proposition that large portion sizes promote
overconsumption is intuitively logical, to date the empirical
studies, while supportive®'®, have been specific to the US
context and have been conducted under semi-controlled con-
ditions; the extent to which these findings would be relevant
to the UK population is unknown at present.

The present study aimed to determine the extent to which
the availability of different-sized predefined and pre-packed
food portions would affect the amounts of food consumed,
El and self-perceived appetite sensations in normal-weight

Abbreviations: DEBQ, Dutch Eating Behaviour Questionnaire; ED, energy density; EI, energy intake.
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and overweight adults over four consecutive days under fully
residential conditions.

Methods
Experimental design

The study used a randomised within-subject cross-over design.
Each subject was studied under two experimental conditions,
each lasting for four consecutive days with a 3-week interval
between each study period. For the duration of each study
period, subjects were fully residential in the Human Interven-
tion Studies Unit, which consists of ten en-suite bedrooms, a
volunteers’ living room, dining room and diet preparation
kitchen. Approximately eight subjects were residential
during each study period and during the day each subject
was free to follow their normal routine in the University but
returned to the Human Intervention Studies Unit for all
meals and snacks, and did not leave the University campus
while under study conditions. Subjects were sedentary
during each study period and were asked to refrain from
active recreational pursuits. Free association was allowed
between subjects.

The order of presenting the two portion conditions was ran-
domised across subjects. During one of the 4 d periods sub-
jects were served ‘standard’ portions of all foods and
beverages; for the other 4d period, subjects were served
‘large’ portions of all foods and beverages. The portion
sizes selected were driven by commercially available units,
namely the smallest pre-portioned units available (standard
portion size), and units of the same foods which are designed
to serve two or more people (large portion size). Differing
sizes of serving dishes were used for the two portion treat-
ments so that visually the portions would not seem different
to the subjects. During the first 4 d study period, each subject
selected foods from a menu of breakfast, lunch, dinner and
dessert items. For the second study period, subjects were pro-
vided with identical foods to those chosen during the first
study period, the only change being the adjustment of portion
size.

Ethical approval for the present study was granted by the
Office for Research Ethics Committee for Northern Ireland
(ORECNI) and subjects gave written informed consent
before commencement of the study. To ensure that subjects
remained blind as to the true nature of the study, the consent
form stated that the purpose of the study was to investigate the
effect of mood on food choice. Each subject was financially
compensated for their time.

Subject recruitment

Subjects were recruited by advertisements throughout the
University. Individuals aged 18-65 years, who expressed
interest in the study, were interviewed to ensure their
eligibility for participation. Exclusion criteria were: smokers;
vegetarians; those taking prescription medications or any
drugs that might interfere with normal food intake; food aller-
gies or dietary restrictions; chronic disease; BMI < 18-5 or >
30 kg/m?; unwilling to participate in a fully residential study.
Data from a previous portion-size study'” suggested that the
within-subject sp for the amount of food consumed in one

meal is unlikely to exceed 20g. As a conservative estimate,
because the consumption from several meals was compared
between interventions, a within-subject SD of 40g was
assumed. The minimum difference of interest was 65g.
Given these assumptions, it was anticipated that forty subjects
would be adequate to provide 90 % power. Before commence-
ment of the study, menus were presented to eligible subjects
to ensure the acceptability of the food choices on offer.

Menus and portion sizes

All food items were either served as a ‘standard’ or ‘large’
portion, depending on the treatment condition. The weights
of foods, beverages and snack items on offer to the subjects
on both study conditions are presented in Appendix 1. The
variation in the magnitude of the increase in food portion
size was based on and similar to that which is commercially
available. Regardless of the combination of meal choices
made by the subjects, the foods served at meals on the stan-
dard portion condition met the estimated energy requirements
for sedentary populations (calculated as BMR X 1-4)1%)

Data collection

Subjects were asked to refrain from eating and drinking from
21.00 hours on the evening prior to each study period, and
attended the Human Intervention Studies Unit at 08.00 hours
on the first day (Monday) of both study periods, when
height and weight were recorded, after voiding, using standar-
dised procedures. Weight was again recorded after voiding,
before breakfast, on the final morning (Friday) of each study
period. Body weight was measured to the nearest 0-1kg and
height was measured in duplicate using a stadiometer (CMS
Weighing Equipment, London, UK). At the outset of the
study each subject completed the Dutch Eating Behaviour
Questionnaire (DEBQ)">. On each of the 4d of the study
periods, subjects ate breakfast, lunch and dinner at specified
times in the dining room. In addition, each subject was
assigned a personal refrigerator and cupboard that contained
a variety of snack items which could be eaten ad [libitum
throughout the day. Subjects were instructed to consume
only the foods and beverages that were provided for them in
the Human Intervention Studies Unit and not to share food
items with others. Subjects were advised that they could con-
sume as much of the foods and beverages as desired on both
the standard and large portion conditions and were aware that
more food was always available on request. Each meal was
made up of defined portions that were served in individual
dishes, for example, chicken curry (one dish) with rice (one
dish). From these individual dishes, the subject served them-
selves the amount of food that they wanted. All foods, bev-
erages and snacks were accurately and covertly weighed
before and after each eating occasion by the researchers to
determine the amount consumed (to the nearest g). Energy
and macronutrient intakes of meals, snacks and beverages
were analysed using the dietary analysis program WISP (ver-
sion 3; Tinuviel Software, Warrington, UK). Subjects com-
pleted visual analogue scales immediately before and after
each meal to rate their feelings of hunger, fullness, desire to
eat and prospective consumption''®. For example, subjects
responded to the question ‘How hungry do you feel?’ by
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marking a 100 mm line that was anchored on the left by ‘Not
hungry at all’ and on the right by ‘As hungry as I have ever
felt’. At the end of each 4d study period subjects completed
an end-of-study questionnaire designed to rate their percep-
tions of the portion sizes offered. In order to avoid drawing
the subjects’ attention to these questions, the food portion
questions were embedded in a range of more general questions
about mood and surroundings.

Statistical analysis

All analyses were performed using SPSS (version 11.5; SPSS,
Inc., Chicago, IL, USA). Data were assessed for normality
using Shapiro—Wilk tests. Differences between men and
women in baseline characteristics, DEBQ scores, EI, percen-
tage EI and weight change were assessed by using ¢ tests
and weight status category by x> tests. Paired f tests were
used to determine whether differences in EI and body-
weight changes were apparent between the two portion size
conditions in the whole group and stratified by sex. General
linear models with repeated measures and Bonferroni post
hoc comparisons were used with the main outcomes being
EI (MJ) and the amount of food consumed (g). The
between-subject factor was portion condition. Covariates in
the main model were sex, age (years), BMI (kg/mz) and treat-
ment order (1, 2). Secondary outcomes were dietary energy
density (ED; kJ/g), subject’s ratings of hunger, fullness,
desire to eat and prospective consumption. EI by meal (break-
fast, lunch, dinner and snacks) was examined within each day
and over the 4 d. Regression analyses were used to determine
the relative influence of experimental and subject character-
istics on percentage increase in EI from the standard to the
large portion condition and on weight change during the
large portion condition. Results were considered significant
at P<0-05.

Results
Subjects

Forty-four subjects (twenty-two men and twenty-two women)
were enrolled on the study. One subject did not comply with
the study protocol and was excluded. The characteristics,
anthropometric measures and DEBQ scores of the forty-
three subjects (twenty-one men and twenty-two women) who
completed the study are presented in Table 1. Women were
significantly older, shorter, lighter and had lower BMI than
men (P<0-05 in all cases). Results from the DEBQ showed
that both men and women scored highest on the external
eating category compared with the dietary restraint and
emotional eating categories. Women scored significantly
higher than men in the dietary restraint (P=0-018) and
emotional eating (P=0-001) categories. However, no differ-
ence between women and men in the external eating category
was observed (P=0-875).

Food intakes

Total EI over the 4d was significantly increased in the large
portion size condition compared with the standard portion
size condition in the whole group, with an additional 14 %

Table 1. Description of subjects and Dutch Eating Behaviour Scores
(Mean values and standard deviations)

Men (n 21) Women (n 22)
Characteristic Mean SD Mean SD
Age (years) 29.7 4.6 31.7* 9.5
Normal weight 289 41 29-9 7-9
Overweight 30-3 51 35.4* 12.0
Height (m) 1.7 0-07 1.6* 0-05
Normal weight 1.8 0-08 1.7* 0-05
Overweight 1.8 0-07 1.6* 0-05
Weight (kg) 79-3 11.7 64.-3* 89
Normal weight 69-8 93 59.5% 4.4
Overweight 86-4 74 74.7* 72
BMI (kg/m?)t 25-3 2.9 23.7* 33
Normal weight (%)% 42-9 68-2
Overweight (%)} 571 31-8
Dietary restrained score§ 2.0 0-6 2.5* 07
Emotional eating score§ 1.7 0-6 2.5% 0-8
External eating score§ 3-3 0-6 32 0-5

*Mean value was significantly different from that for men (P<0-05).

1 Normal weight, BMI 18-5—24-9 kg/m?; overweight, BMI 25.0—29-9 kg/m?.
4 Compared using x? tests.

§ Scores from the Dutch Eating Behaviour Questionnaire!'®.

(7MJ; P=0-020) energy consumed. On a daily basis, men
increased their EI by an average 2-4 (sp 1-6) MJ (P=0-001)
and women increased intakes by 1-1 (sp 1.:6) MJ (P=0-005);
over the 4d, this resulted in a 17% (10MJ) and 10%
(4MJ) increase in EI respectively. Total food weight con-
sumed (kg) over the 4d also significantly increased in the
large portion condition compared with the standard portion
condition (17-2 (SD 4-4) v. 15-4 (sD 3:6) kg, 14 v. 20 % co-effi-
cient of variance; P=0-035). Mean daily EI did not signifi-
cantly differ across the study days on either the standard
portion (men 14-7MJ; women 11-5MJ) or the large portion
(men 17-1MJ; women 12-6 MJ) conditions; indicating that
no compensation was made in either condition for the
energy and food consumed during the 4 d periods (Fig. 1).
Average EI at each meal on each study day for men
and women on both study conditions is shown in Fig. 2.

18

16

14
12
10

Mean daily energy intake (MJ/d)

Day 1 Day 2 Day 3 Day 4
Study day

Fig. 1. Energy intakes for men (large portion (LP) —M—; standard portion
(SP) —e—) and women (LP — x —; SP —A—) for each study day on both por-
tion conditions. Data were analysed using the general linear model with
repeated measures with Bonferroni corrections, adjusted for age, BMI and
treatment order. Values are means, with their standard errors represented by
vertical bars. *°¢ Mean values within and between study days with unlike
letters were significantly different (P<0-05).

ssaud Ans1anun abpruquie) Ag auljuo paystignd 096102805 L L£000S/£L0L 0 L/BI010p//:sd1y


https://doi.org/10.1017/S0007114508201960

MS British Journal of Nutrition

Portion size and energy intake 473

—_—

A)

— 8[

o

;

2 6f ;’/H

w

‘©

T

s 2r

Q

§ 0 1 1 1 ]
Day 1 Day 2 Day 3 Day 4

© g

Mean El (MJ/d)
A O
T T

Mean daily El (MJ/d) @
D

Day 1 Day 2 Day 3 Day 4

+
|

ssaud Aisianun abpliquied Aq auluo paysliand 096102805t L L£000S/2101°01/B10"10p//:sdny

2_
0 1 1 1 1
Day 1 Day 2 Day 3 Day 4
D) 81
el
Ser 35—
2
m 4r e F— 5 —F
% P 3 > T
§ oL - 3 T 3
=
Day 1 Day 2 Day 3 Day 4

Fig. 2. Daily energy intakes (El) at each meal (breakfast a; lunch m; dinner ) on each study day. (A) El for men (n 21) for the standard portion study condition.
(B) EI for men (n 21) for the large portion study condition. (C) El for women (n 22) for the standard portion study condition. (D) EI for women (n 22) for the large
portion study condition. Data were analysed using the general linear model with repeated measures with Bonferroni post hoc tests, adjusted for age, BMI and
treatment order. There was an increase in El at each meal occasion in the whole group between portion treatments (breakfast, lunch and dinner; P<0-001).
Between days there were no differences in El at meals in either study condition for both men and women.

The consumption of the larger portion sizes led to a consistent
increase in EI at each meal occasion in the whole group
(breakfast, lunch and dinner; all P=0-001). On a daily basis,
there were no differences in EI at meals between the 4d in
either study condition in men or women. Thus on a meal-
by-meal basis, there was no observed adjustment of EI over
the 4d period for the overconsumption of energy. When
expressed as percentage of EI, the proportion of daily
energy obtained from meals was greater in both men and
women in the large portion condition (P<<0-001). Interest-
ingly, percentage energy from snacks was greater on the stan-
dard portion condition relative to the large portion condition in
both men and women (24 and 38 % increase in snack energy
respectively) (P<<0-001). Men significantly increased their
percentage energy from fat (37-3 (sp 3-7) v. 392 (sp 3-8);
P<0-001) and decreased percentage energy from carbo-
hydrate (47-2 (sp 3-9) v. 454 (sp 3-9); P<0-002) on the
large portion condition relative to the standard portion con-
dition. There was no difference in percentage energy from
protein between the portion conditions in men (14-4 (sD
1-7); P=0-672). There were no observed differences in per-
centage energy from protein, fat or carbohydrate between
the portion treatments in women (14-3 (sp 1-7), 40-0 (sp
4-3), 44-6 (sp 4-2), respectively). Larger food portion con-
sumption led to a significant cumulative increase in EI relative
to the standard portion treatment in both men (68-2 (sp 17-5)
v. 58:6 (sD 15-8); P=0-001) and women (50-3 (sD 9-9) v. 40-0
(sp 9-6) MJ; P=0-005) respectively (Fig. 3). EI from snacks
occurred throughout the study day. Although there was vari-
ation in the overall percentage increase in portion size from
the standard to the large portion condition (0—132 %), the
average percentage increase in the portion size of foods
selected was 47 (SD 4) % in both men and women.

Total ED (kJ/g), based on all foods and beverages con-
sumed, did not differ between the portion treatments in either

men (3-7 (sD 0-7) kJ/g; P=0-508) or women (3-3 (sD 0-7) kl/g;
P=0-699). There was no difference in the ED of meals (men
3.5 (sp 0-8) kl/g, P=0-216; women 3-1 (sp 0-8) kl/g,
P=0-650) or snacks (men 7-2 (sp 4-1) kl/g, P=0-931;
women 9-1 (sp 4-5) kJ/g, P=0-759) between the portion
treatments.

Under the standard portion condition, women and men con-
sumed a mean of 87 (sD 25) and 92 (sD 21) % respectively
of the food served to them, compared with 75 (sb 30) and
82 (SD 28) % under the large portion condition. Thus, even
though both women and men consumed significantly more
food and energy on the large portion condition, both sexes
consumed a significantly smaller proportion of the total
amount of food served in the large portion condition compared
with the standard portion condition. Regression analysis
showed that the main predictors of percentage increase in EI
were sex (men P=0-013), a higher external eating score
(P=0-007) and treatment order (large portion P<<0-001).
When stratified by sex, treatment order was a significant pre-
dictor in both sexes (men P=0-052; women P=0-007).
A higher external eating score was significantly associated
with percentage increase in EI in women (P=0-004) but not
men (P=0-587). A higher BMI (overweight category) was
also a strong predictor of percentage increase in EI in
women (P=0-032) but not men (P=0-304). Age was signifi-
cant for women (P=0-039) but not men (P=0-882). Total
ED, ED of meals or ED of snacks were not associated with
percentage increase in EI in men or women, nor were they
associated with body-weight change in the large portion con-
dition in men or women.

Appetite and satiety ratings

Self-perceived appetite sensations were differentially influ-
enced by the availability of different-sized food portions.
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Fig. 3. Cumulative energy intakes (EI) for men (large portion (LP) a; standard portion (SP) m) and women (LP e; SP — x —) by meal under both study conditions.
Data were analysed using paired samples t tests. Values are means, with their standard errors represented by vertical bars. There was a significant cumulative

increase in El in men (P=0-001) and women (P=0-005).

When ratings on the large portion study period were compared
with the standard portion study period, subjects reported that
before eating, they were less hungry (P=0-081), more full
(P=0-097), had less of a desire to eat (P<<0-005) and thought
they could eat a smaller amount (P<<0-013). After eating, sub-
jects reported that they were less hungry (P<<0-025), had less
of a desire to eat (P<<0-004) and thought that they could eat a
smaller amount (P<<0-014) on the large portion condition.
Interestingly, after eating, there were no differences in ratings
of fullness between the standard and large portion treatments
(P=0-581). Throughout the 4d in both portion conditions,
daily ratings of hunger, fullness, desire to eat or prospective
consumption did not significantly vary in either men or
women.

End of study perceptions

The end-of-study questionnaire revealed that 55 % of men felt
that the portions were ‘just about right’ on both the standard
and large portion conditions for all meals. In the women
62 % reported the portions were ‘just about right” on the stan-
dard portion condition but 74 % reported that they would have
been ‘satisfied with smaller’ on the large portion condition.
Despite this, the women still consumed more food and
increased their EI by 10 % under the large portion condition.

Body-weight changes

There was a significant increase in body weight over the 4d in
both men and women in the large portion condition (men,
P=0-002; women, P=0-001 respectively), but no change
in body weight occurred during the standard portion condition
(Table 2). The men increased their body weight by 0-9 (sp 1-1)
kg (minimum and maximum weight change — 1-4 to 4-2-4kg)
and the women by 0-6 (SD 0-6) kg (minimum and maximum
weight change —1-1 to +1-6kg); there was no significant
difference in weight change between the sexes. The most

notable changes in body weight were observed in the over-
weight men (09 (sp 1-1) kg; P=0-014) and the normal-
weight women (0-5 (sp 1-1) kg; P=0-001) who gained the
most body weight during this period.

Discussion

The present study clearly demonstrates that the availability
and consumption of large food portions led to significant
and sustained increases in EI over a 4d period. Men and
women had EI that were substantially higher (17 and 10 %
respectively) under the large portion study condition, relative
to the standard portion condition and significantly increased
their body weight over the 4d large portion condition. On a
daily basis this corresponded to an average increase in EI of
24 and 1-1MJ in men and women respectively. In addition,
there were no observed changes in EI over the 4d in either
men or women and, consequently, it is reasonable to conclude
that subjects did not invoke any compensatory mechanisms to
down-regulate their EI in the face of large portion sizes.
These data are consistent with previous findings in studies
under semi-controlled conditions in adults where it has
been shown that the availability of large portion sizes led
to increased reported EI that were sustained over 2410
and 11d®.

Although it may be speculated that a decline in EI would
occur at some point in the face of continuous access to
larger food portions, this was not observed during the 4d of
the present study. Interestingly, under the large portion size
condition, there did appear to be some down-regulation of
EI from snacks but this was not sufficient to offset the rela-
tively high EI from meals; thus EI remained 14 % higher rela-
tive to the standard portion condition. Consequently, this
suggests that, within the standard portion condition, subjects
were compensating for the smaller predefined food portions
eaten at meals by consuming more snack items. This finding
may indicate that consumers have become so accustomed to
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Table 2. Body-weight (kg) changes in men and women during each study period

(Mean values and standard deviations)

Standard portion

Large portion

Weight 1* Weight 2* Weight 1 Weight 2
n Mean SD Mean SD Pt Mean SD Mean sSD Pt

Men

All 21 80-1 121 80-2 121 0-897 79-6 124 80-5 12:6 0-002

Normal weight 9 70-8 9.7 70-6 9.4 0-680 69-7 9.7 705 10.0 0-065

Overweight 12 871 8-5 87-3 8-4 0-503 87-1 84 88-0 8-:6 0-014
Women

All 22 65-2 10-3 65-4 10-3 0-362 64.7 10-0 65-3 10-1 0-001

Normal weight 15 59.7 4.7 60-0 4.8 0-295 59-3 4.5 59-8 4.5 0-001

Overweight 7 77-0 9.2 771 91 0-892 76-4 8.7 76-8 8.8 0-185

*‘Weight 1’ was measured on the first morning of each study period. ‘Weight 2’ was measured on the final morning of each study period.

1 Data were compared using paired t tests.

larger food portions that are now the ‘norm’ in many of our
eating environments such that standard food portions are no
longer perceived as being adequate. From these data, it was
calculated that if the large portion condition had been sus-
tained and no compensation in EI was made by the subjects,
5% weight gain may have resulted after only 4-5 weeks in
the men and 5-5 weeks in women.

Other evidence from the study also supports the contention
that subjects display variable responses to both physiological
and environmental appetite cues. First, from the visual ana-
logue scales, subjects reported less hunger, more fullness,
less desire to eat and lower prospective consumption before
eating, but surprisingly did not report feeling any fuller as a
result of consuming larger food portions. However, they did
report significantly less hunger, desire to eat and prospective
consumption after eating relative to the standard portion.
These apparent contradictions are difficult to reconcile, but
imply that environmental cues (large portion sizes) can readily
overwhelm a key driver (fullness) of eating initiation and ces-
sation, while other appetite responses (hunger, desire to eat
and prospective consumption) are in the direction expected.
Second, the DEBQ results demonstrated that the subjects
scored highest in the external eating category, indicating that
the eating behaviour of the subjects, particularly the women,
may be more influenced by environmental food cues, such
as the sight, smell and mere presence of food. Finally, findings
from the end-of-study questionnaire demonstrate that the
majority of men considered the portions to be ‘just about
right’ on both portion conditions. Women, on the other
hand, reported that the portions were ‘just about right’ on
the standard portion; even though more food and energy was
consumed on the large portion condition, the women noted
that they would have been ‘satisfied with smaller’ food
portions.

The major strength of the present study is that it was carried
out under fully residential conditions and used the ad libitum
approach; therefore, it was possible to accurately and covertly
monitor all foods, beverages and snacks consumed over a 4d
period, thereby excluding any possible misreporting of food
intake. In addition, energy expenditure patterns could be care-
fully controlled, as subjects were sedentary during the time
course of the observations. As this was not a free-living

study, it is unclear to what extent the subjects would have
compensated for larger portion servings of food had they
been studied in a more naturalistic setting. Nevertheless,
these data demonstrate that increased portion size can have
a transient effect on body weight even over short periods of
time and may possibly undermine body-weight regulation in
the longer term. This finding is supported by previous research
where it has been demonstrated that there is high inter-individ-
ual susceptibility to weight gain in environments where food is
plentiful”-'®.

Food portion size is one of many dietary and lifestyle risk
factors for obesity, but the body of evidence to date has
been under semi-controlled conditions from one laboratory
in the USA7~>19 where subjects were not required to con-
sume all their meals within the test facility; EI may have
been limited as more food was not available on request;
foods and meals were given out to be consumed at home
and food intakes were reported by the subjects. In addition,
subjects were not required to be fully residential at the test
facility. This is the first study to be carried out under fully resi-
dential conditions and provides further evidence of the influ-
ence that increasing food portion size may have on inciting
over-eating. The trends in eating behaviour shown in the
present study may be representative of many industrialised
populations, in that individuals may be relying on visual
cues and habits as the key stimuli of the amount of food to
consume®?. Therefore, due consideration should be given to
developing health promotion programmes that focus on consu-
mer education in the area of portion control. A possible
approach could be to attempt to alert individuals to the import-
ance of recognising and responding to the physiological cues
of appetite and satiety, as well as an increased awareness of
the environmental factors, such as food portion size, that
can influence increased food consumption. However, the
onus for the ‘downsizing’ of large portion sizes to help
bring food portions back in line with energy requirements
cannot rest with consumers alone, and will need to be facili-
tated by appropriate measures on the part of the food industry.

In conclusion, the present study demonstrated that the avail-
ability and consumption of large food portions had a signifi-
cant and sustained effect on EI over four consecutive days
under fully controlled residential conditions. Increased food
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and energy consumption did affect appetite sensations but sub-
jects did not adjust their intakes accordingly. The data from
the present study provide evidence to support the general con-
sensus that increased portion size may be a major contributing
factor in inciting excess EI and adiposity.
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Appendix 1. Food and snack choices available to subjects
Standard portion Large portion
Food item Food weight (g) Protein (g) Fat(g) CHO (g) Food weight(g) Protein(g) Fat(g) CHO(g) ED (kJ/g)
Breakfast
Branflakes 45 4.6 11 320 65 6-6 1-6 46-3 141
Cornflakes 30 24 0-3 26-9 50 4.0 0-5 44.8 16-0
Muesli 50 4.9 3.0 36-1 70 6-9 41 50-5 15-4
Rice Krispies 30 1.8 0-3 279 50 31 0-5 46-5 16-3
Sugar 25 0-0 0-0 53 50 0-0 0-0 10-5 16-8
White bread 39 6-6 1.5 38-5 78 71 1.6 41.4 10-0
Wholemeal bread 43 6-8 1.8 30-2 86 83 22 37-0 92
Flora 10 0-0 83 0-0 20 0-0 16-6 0-0 307
Butter 7 0-0 5.7 0-0 14 01 114 0-0 30-3
Jam or marmalade 40 0-0 0-0 139 50 0-1 0.0 34-8 1141
Milk 560 19-3 9-6 26-7 1064 36-1 18-0 50-0 2.0
Orange juice 200 1.0 02 176 300 1.5 0-3 26-4 1.5
Grapefruit juice 200 0-8 0-2 16-6 300 1.2 0-3 24.9 1-4
Lunch
Red pepper soup 179 1-4 5.2 5.6 358 29 10-4 111 1.7
Potato and leek soup 180 1-8 3-4 6-3 360 36 6-8 12:6 1-4
Chicken 75 186 41 0-0 100 24.8 54 0-0 62
Cheese 40 10-2 14.0 0-0 50 12.7 175 01 17-3
Lettuce 25 0-2 0-1 0-5 30 0-2 0-1 0-6 05
Onion 10 0-2 0-1 0-3 20 0-4 0-1 0-6 1.0
Tomato 30 0-2 0-1 09 45 0-3 0-1 1-4 1.0
Tuna 50 11.8 0-3 0-0 75 176 0-5 0-0 4.2
Ham 38 7-0 1.3 0-4 63 116 21 0-6 4.5
Mayonnaise 15 0-2 11-3 0-3 30 0-3 22.7 0-5 284
Sweet chilli sauce 15 0-1 0-0 8-2 30 0-1 0-0 16-3 94
Dinner
Pasta carbonara 261 191 47.2 48-3 350 256 63-4 64-8 109
Carbonnade of beef 375 48-0 25.5 199 500 64-0 340 26-5 5.5
Chicken chasseur 262 335 5.0 6-8 349 44.7 6-6 91 33
Chicken curry 443 67-3 25.7 20-4 543 82.5 315 25.0 5.5
Sauté potatoes 100 31 4.7 27-3 150 4.7 71 41.0 6-6
Side salad 150 11 0-6 5.7 230 1.6 0-9 87 09
Mashed potatoes 175 3-3 4.7 26-6 220 4.2 5.9 334 3-8
Steamed vegetables 90 3-6 0-8 6-3 120 4.8 11 84 21
Boiled rice 180 41 13.7 53-3 290 6-7 22.0 85-8 79
Naan bread 60 4.7 4.4 30-1 139 10-8 10-2 69-8 121
Tart tatin 125 1-8 21-8 38-5 167 2-3 291 51-4 11-6
Creme brilée 200 4.8 52.0 236 300 72 78-0 354 11.9
Strawberry cheesecake 180 7-0 26-1 355 300 11.7 435 591 9.2
Warm chocolate fondant 71 4.0 21.0 30-3 107 6-0 316 45.7 187
Fresh cream 20 0-4 81 0-5 30 0-6 121 0-8 157
Snacks
Coke 330 0-0 0-0 34.7 500 0-0 0-0 52.5 1.7
Sprite 330 0-0 0-0 185 500 0-0 0-0 28.0 09
Fanta 330 0-0 0-0 34.0 500 0-0 0-0 51.5 1.7
Pringles 30 1.4 90 16-8 50 24 15.0 28-0 214
Fruit & Nut Bar 36 2.8 95 19-8 49 39 12.9 27.0 20-5
Maltesers 22 1.7 5.0 13-6 37 2.9 85 22.8 20-3
Dairy Milk 40 31 123 22-8 49 38 15.0 279 21.8
Kit Kat 21 1.6 5.5 132 42 32 10-9 26-5 21.0
Potato crisps 25 1-4 8-6 133 35 2.0 12.0 187 22.2
Mars 36 1.6 66 278 63 2.8 1.5 48.7 19-9
Snickers 42 4.0 11.7 234 63 5.9 175 35.2 20-8
Nutrigrain 37 1.5 33 241 37 1.5 33 241 15-1
Cereal bar 23 1-8 1-8 17-0 23 1-8 1.8 17-0 16-9
Yoghurt 200 84 22 274 200 84 22 27-4 33
Apple 125 0-5 0-2 228 175 0-5 0-2 22.8 3.0
Banana 145 1.7 04 336 200 24 0-6 46-4 4.0
Grapes 100 0-4 0-1 15-4 150 0-6 0-2 231 2.6
Coffee 190 0-4 0-0 0-6 260 0-5 0-0 0-7 0-1
Tea 190 0-2 0-0 0-0 260 0-2 0-0 0-0 0-0
Herbal tea 190 0-0 0-0 0-4 260 0-0 0-0 0-5 0-1
Water 500 0-0 0-0 0-0 500 0-0 0-0 0-0 0-0

CHO, carbohydrate; ED, energy density.
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