
ORIGINAL CONTRIBUTION

Accuracy of Stated Energy Contents
of Restaurant Foods
Lorien E. Urban, PhD
Megan A. McCrory, PhD
Gerard E. Dallal, PhD
Sai Krupa Das, PhD
Edward Saltzman, MD
Judith L. Weber, PhD, RD
Susan B. Roberts, PhD

THE PREVALENCE OF OBESITY IN

the United States increased
from 14% of the population in
1976 to 34% in 2008,1,2 dur-

ing which time both self-reported and
per-capita energy intake increased.3,4

Reducing energy intake by self-
monitoring or selecting foods with
lower energy contents is widely rec-
ommended for the prevention and treat-
ment of obesity.5-10 However, the fea-
sibility of reducing energy intake using
these approaches depends in part on the
availability of accurate information on
the energy contents of different foods.
The accuracy of the energy contents of
foods prepared in restaurants is of par-
ticular concern because the frequency
of eating out has increased over time
in parallel with the national preva-
lence of obesity.11 Several studies have
observed a positive association be-
tween the frequency of eating out and
body fatness.12-14

From 2005 through 2006, 49% of US
residents ate out at least 3 meals per
week and 12% ate out more than 7
meals per week,15 making foods con-
sumed away from home a major con-
tributor to dietary energy. One small
study in 2004 suggested that informa-
tion on the energy contents of healthy

menu choices was largely reliable16;
however, a recent pilot study reported
that a convenience sample of 29 foods
with low-energy contents contained a
mean of 18% more energy than stated
by restaurants.17

Therefore, we conducted a multi-
site study purchasing randomly se-
lected food items with high-energy and
low-energy contents from quick-serve
and sit-down restaurants in 3 states toFor editorial comment see p 315.
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Context National recommendations for the prevention and treatment of obesity em-
phasize reducing energy intake. Foods purchased in restaurants provide approxi-
mately 35% of the daily energy intake in US individuals but the accuracy of the en-
ergy contents listed for these foods is unknown.

Objective To examine the accuracy of stated energy contents of foods purchased
in restaurants.

Design and Setting A validated bomb calorimetry technique was used to measure
dietary energy in food from 42 restaurants, comprising 269 total food items and 242
unique foods. The restaurants and foods were randomly selected from quick-serve and
sit-down restaurants in Massachusetts, Arkansas, and Indiana between January and
June 2010.

Main Outcome Measure The difference between restaurant-stated and laboratory-
measured energy contents, which were corrected for standard metabolizable energy
conversion factors.

Results The absolute stated energy contents were not significantly different from
the absolute measured energy contents overall (difference of 10 kcal/portion; 95%
confidence interval [CI], −15 to 34 kcal/portion; P=.52); however, the stated
energy contents of individual foods were variable relative to the measured energy
contents. Of the 269 food items, 50 (19%) contained measured energy contents of
at least 100 kcal/portion more than the stated energy contents. Of the 10% of
foods with the highest excess energy in the initial sampling, 13 of 17 were available
for a second sampling. In the first analysis, these foods contained average measured
energy contents of 289 kcal/portion (95% CI, 186 to 392 kcal/portion) more than
the stated energy contents; in the second analysis, these foods contained average
measured energy contents of 258 kcal/portion (95% CI, 154 to 361 kcal/portion)
more than the stated energy contents (P�.001 for each vs 0 kcal/portion differ-
ence). In addition, foods with lower stated energy contents contained higher mea-
sured energy contents than stated, while foods with higher stated energy contents
contained lower measured energy contents (P�.001).

Conclusions Stated energy contents of restaurant foods were accurate overall. How-
ever, there was substantial inaccuracy for some individual foods, with understated en-
ergy contents for those with lower energy contents.
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evaluate the overall accuracy of restau-
rant-stated energy contents and exam-
ine factors associated with the accu-
racy of stated energy contents of
individual food items.

METHODS
Food samples were collected from 42
restaurants located in 3 distinct US re-
gions (�25 miles of Boston, Massachu-
setts, �25 miles of Little Rock, Arkan-
sas, and �65 miles of Lafayette, Indiana;
the mileage was increased to include the
city of Indianapolis). The stated en-
ergy contents of foods were compared
with the laboratory-measured con-
tents. The number of restaurants was
selected to equally distribute ran-
domly selected foods across the 3 re-
gions. The food samples were col-
lected between January and June 2010.

Random Selection
of Restaurants and Foods

Eligible restaurants were defined as
those belonging to a restaurant chain
in the top 400 for sales dollars in 2008,18

having at least 1 outlet within the de-
fined geographic regions, able to be clas-
sified as either quick-serve or sit-
down, providing necessary nutrition
information on their Web site, and hav-
ing food items meeting study inclu-
sion criteria. A total of 7 quick-serve and
7 sit-down restaurants were chosen per
region. Random selection was con-
ducted by assigning a number to each
eligible restaurant and then generat-
ing a random order of the numbers
using SAS statistical software version 9.1
(SAS Institute Inc, Cary, North Caro-
lina) and selecting the first 7 numbers
for each restaurant type for each region.

Individual foods were then ran-
domly selected. In sit-down restau-
rants, only entrees and their accompa-
nying side dishes for which the energy
content of the side dishes could be dis-
tinguished from the entree were con-
sidered eligible. Inclusion of only en-
trees and side dishes ensured a sample
of the food types most typically con-
sumed in sit-down restaurants.19 Eli-
gible foods in quick-serve restaurants
were all items except beverages, con-

diments, children’s meals, self-serve
buffet foods, and blended items (eg,
smoothies), except when blended
drinks were a specialty of the restau-
rant. Eligible foods were then classi-
fied as having low-stated energy
contents (�600 kcal/portion) or high-
stated energy contents (�600 kcal/
portion) based on the entire amount
served, regardless of what the Web site
defined as 1 serving (except pizza, for
which whole servings are typically for
�1 person; therefore, portions for this
study were the number of slices de-
fined as 1 portion by the restaurant).
The cut point of 600 kcal/portion was
chosen as being approximately one-
third of the energy requirement con-
sistent with weight maintenance. Two
foods with high-energy contents and 2
foods with low-energy contents were se-
lected within each restaurant by a ran-
dom selection process similar to that de-
scribed above.

In addition to the main set of food
samples, the 10% of entrees identified
as having the highest positive percent-
age discrepancy between the mea-
sured and stated energy contents in the
first analysis (n=17) were targeted for
a second collection at the same restau-
rant locations. Due to menu changes,
only 13 of the original 17 foods were
still on the menus and these were col-
lected for reanalysis.

Food Collection

One serving of each food was ordered
as a take-out meal and restaurants
were asked to separately package indi-
vidual food items; the researchers did
not identify themselves as such while
ordering. Researchers transported the
foods to the laboratory and weighed
them using laboratory scales. Foods
that were obtained in Arkansas and
Indiana were packaged in double zip-
top freezer-safe bags and were shipped
frozen on dry ice to Massachusetts for
analysis. Foods from Massachusetts
were similarly processed to ensure
equivalent handling. All foods from
Arkansas and Indiana arrived at the
Massachusetts laboratory in the frozen
condition.

Energy Determination
and Comparison
Energy was determined using a bomb
calorimetry technique, which is accu-
rate to a mean (SD) of −1.9% (0.3%)
in simulated meals.17 As described in
detail elsewhere,17 food samples were
blended and freeze-dried into a homo-
geneous dry powder, and the heat of
combustion was quantified in dupli-
cate using benzoic acid as a method-
ological standard for calibration. The
total energy content of each food was
then determined as the product of
total dried food weight and the mean
heat of combustion of the duplicates.
Because the restaurant-stated energy
contents are for metabolizable energy
(defined as the energy available to the
body minus obligatory losses in feces
and urine) while the bomb calorim-
etry technique measures gross energy
(defined as energy including obliga-
tory losses in feces and urine), conver-
sion of stated metabolizable energy
values to gross energy equivalents was
performed by applying the appropriate
multiplicative factors to restaurant-
stated energy contents for macronutri-
ents using the equation: gross energy=
(fat [in grams])�9.4)�(protein [in
grams])�5.65)�(total carbohydrate
[in grams])�4.15).17,20

For foods for which information on
only 2 macronutrient values were avail-
able (n=30), the metabolizable en-
ergy equivalent of the third was calcu-
lated by subtraction, then converted to
grams using Atwater factors (9 kcal/g
of fat, 4 kcal/g of protein, 4 kcal/g of
carbohydrate).20 No error was intro-
duced by using these conversions be-
cause restaurant-stated metabolizable
energy values also assume the same nu-
merical losses of energy in the conver-
sion of gross to metabolizable en-
ergy.20-22

Statistical Analysis

The discrepancy between the stated and
measured energy contents in kilocalo-
ries per portion was the primary out-
come variable. Because these values
were skewed, a logarithmic transfor-
mation was applied to the data prior to
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formal analysis. For the primary out-
come, the mean was compared with 0
using the t test. Two group compari-
sons of accuracy were performed using
the t test for independent samples and
included sit-down entrees vs side dishes
and quick-serve vs sit-down restau-
rants. Comparisons of variability in
these cases were performed with the
Hartley test, which uses the folded F sta-
tistic to test whether the SDs of 2 popu-
lations are equal.23 We counted the
number of foods exceeding the stated
energy contents by more than 100 kcal/
portion and the percentage of these
foods was calculated using the total
number of food items (n=269) as the
denominator.

Multifactor analysis of covariance
was used to determine the association
of predictors of interest, including res-
taurant type and stated energy con-
tent (as a continuous variable), with
accuracy. The Pearson correlation co-
efficient was used to describe relation-
ships between accuracy and stated en-
ergy content. Portion size discrepancy
(measured vs stated gram weight),
stated macronutrient proportions (per-
centage of kilocalories), and the cost of
the food (in US $) were examined sepa-
rately during post hoc testing.

An additional post hoc analysis of
variance with the Tukey post hoc pro-
cedure was used to determine the
association of food category with accu-
racy, and the Levene test was used to
compare variability between the food
groups. This test uses analysis of vari-
ance with the Tukey post hoc proce-
dure on the residual squares calcu-
lated from the original analysis of
variance model.24 Food categories
were defined by the menus in the case
of pizza, sandwiches, salads, soups,
and desserts. Meat entrees were
defined as those based on fish,
chicken, or beef. In addition, entrees
not easily placed in other categories,
including mixed pasta dishes, omelets,
and ethnic dishes, were termed mixed
dishes. Vegetables and fruit were com-
bined because there were only 3 fruit
dishes and this group consisted of
nonsalad vegetable and fruit side

dishes. Carbohydrate-rich foods were
rice, potatoes, breads, and beans.

Statistical significance was set at a
2-sided P value of less than .05. Based
on the mean and standard deviation
from a pilot study,17 it was estimated
that 87 total foods were needed to have
80% power to detect an overall discrep-
ancy of 18%. In our study, 167 items
were purchased (which created 269
food samples for analysis because the
included side dishes were analyzed
separately) to allow for exploration of
discrepancies across restaurant types
and stated energy content categories. All
statistical analyses were performed
using SAS software version 9.1 (SAS In-
stitute Inc, Cary, North Carolina).

RESULTS
For the main analysis, 269 food items
(including 242 unique items) from 42
restaurants were collected in 167 or-
ders (FIGURE 1 and eTable at http:
//www.jama.com). Of these 269 food
items, 108 (40%) had measured en-
ergy contents at least 10 kcal/portion
higher than the stated energy contents
and 141 (52%) had measured energy
contents at least 10 kcal/portion lower
than the stated energy contents. Twenty
foods (7%) had differences in mea-
sured energy contents of between 10
and −10 kcal/portion compared with the
stated energy contents. TABLE 1 sum-
marizes the discrepancy between the
stated and measured energy contents.
Measured food energy contents aver-
aged 10 kcal/portion (95% confidence
interval [CI], −15 to 34 kcal/portion;
P=.52) higher than the stated energy
contents in all samples combined. Nine-
teen percent of foods (n = 50) con-
tained greater than 100 kcal/portion
more than the stated energy contents.
No analysis of results in relation to re-
gion (Arkansas, Indiana, Massachu-
setts) was performed because the study
was not designed to examine between-
region comparisons.

The multiple analysis of covariance
for predictors of the discrepancy be-
tween stated and measured energy con-
tents, which included restaurant type
(quick-serve vs sit-down) and stated en-

ergy contents (R2=0.10; P�.001), iden-
tified a statistically significant interac-
tion between restaurant type and stated
energy contents. For quick-serve res-
taurants, stated energy contents were
not associated with the difference be-
tween stated and measured energy con-
tents (R2=0.01; P=.32). However, for
entrees from sit-down restaurants,
stated energy contents were inversely
associated with the difference be-
tween stated and measured energy con-
tents (R2=0.27, P�.001; FIGURE 2).
Furthermore, the simple linear regres-
sion equation for entrees from sit-
down restaurants (energy content
difference=176−0.28�stated energy
content) indicated that foods with more
than 625 kcal/portion of stated energy
contained lower measured energy con-
tents than stated, while foods with 625
kcal/portion or less had higher mea-
sured energy contents than stated.

Figure 1. Sampling Plan

269 Food items included in main sample

13 Food items included in reanalysis

17 Quick-serve foods and sit-down entrees
with the highest positive percentage
discrepancy in the main sample were
selected for resampling (10% of total
food items excluding sides)

7 Quick-serve restaurants per state
2 Low-stated energy foods per restaurant
2 High-stated energy foods per restaurant

7 Sit-down restaurants per state
2 Low-stated energy entrees per restaurant
2 High-stated energy entrees per restaurant

42 Restaurants in Massachusetts, Arkansas,
and Indiana

273 Total food items
168 Foods and entrees
105 Sides

4 Excluded
1 Entree (processing error)
3 Sides (Web site error)

4 Excluded (taken off the menu)

Low-stated energy foods had less than 600 kcal/
portion and high-stated energy foods had 600 kcal/
portion or higher as stated on the restaurant Web site
per entire served portion. Four foods were unavail-
able for resampling and therefore could not be in-
cluded in the resampling analysis.
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There was also significantly greater
variability in the discrepancy between the
stated and measured energy contents in
all foods from sit-down restaurants com-
pared with all foods from quick-serve res-
taurants (SD of 225 kcal/portion vs SD
of 134 kcal/portion, respectively;

P�.001) and also for entrees only from
sit-down restaurants compared with all
foods from quick-serve restaurants (SD
of 214 kcal/portion vs SD of 134 kcal/
portion, respectively; P=.02). Side dishes
from sit-down restaurants contained
higher measured energy contents than

stated compared with the entrees they ac-
companied (58 kcal/portion [95% CI, 13
to 102 kcal/portion] vs −48 kcal/
portion [95% CI, −94 to −1 kcal/
portion], respectively; P=.03) and were
significantly more variable relative to
measured energy contents (P�.001).

Table 1. Measured vs Stated Energy Content Among 269 Restaurant Food Items

Massachusetts Arkansas Indiana All Sites

Mean (95% CI) No. Mean (95% CI) No. Mean (95% CI) No. Mean (95% CI) No.

Stated Energy, kcal/portion
All foods at quick-serve restaurants 644 (514 to 773) 28 622 (502 to 742) 28 714 (588 to 841) 28 660 (590 to 730) 84

Sit-down restaurants
All entrees 837 (685 to 989) 28 795 (649 to 940) 27 754 (588 to 919) 28 795 (709 to 881) 83

Side dishes 316 (227 to 406) 30 257 (206 to 308) 32 253 (211 to 295) 40 273 (239 to 307) 102

All foods 567 (459 to 676) 58 503 (404 to 602) 59 459 (367 to 551) 68 507 (450 to 564) 185

All foods 592 (509 to 676) 86 541 (464 to 618) 87 534 (456 to 611) 96 555 (509 to 600) 269

Measured Energy, kcal/portion
All foods at quick-serve restaurants 685 (560 to 810) 28 586 (469 to 702) 28 733 (589 to 877) 28 668 (595 to 741) 84

Sit-down restaurants
All entrees 757 (624 to 891) 28 783 (644 to 922) 27 703 (578 to 827) 28 747 (674 to 821) 83

Side dishes 346 (254 to 438) 30 411 (249 to 573) 32 254 (215 to 293) 40 330 (272 to 389) 102

All foods 544 (450 to 639) 58 581 (465 to 697) 59 439 (362 to 515) 68 517 (463 to 572) 185

All foods 590 (515 to 666) 86 583 (497 to 669) 87 525 (452 to 597) 96 564 (520 to 609) 269

Energy Difference, kcal/portiona

All foods at quick-serve restaurants 41 (0.46 to 82) 28 −36 (−67 to −5) 28 19 (−53 to 91) 28 8 (−21 to 37)b 84

Sit-down restaurants
All entrees −79 (−132 to −26) 28 −12 (−105 to 82) 27 −51 (−149 to 47) 28 −48 (−94 to −1)b,c,d 83

Side dishes 29 (−30 to 89) 30 154 (28 to 281) 32 1 (−15 to 17) 40 58 (13 to 102)c,d 102

All foods −23 (−64 to 18) 58 78 (−3 to 160) 59 −20 (−61 to 20) 68 10 (−22 to 43) 185

All foods −2 (−33 to 29) 86 42 (−15 to 98) 87 −9 (−44 to 26) 96 10 (−15 to 34) 269
Abbreviation: CI, confidence interval.
aCalculated as measured minus stated.
bFor comparison of SDs (quick-serve foods were less variable than sit-down entrees), the P value was equal to .02.
cFor comparison of mean discrepancy between stated and measured energy content, the P value was equal to .03.
dFor comparison of SDs (sit-down entrees were less variable than the side dishes accompanying them), the P value was less than .001.

Figure 2. Difference Between Measured and Stated Energy for Quick-Serve Foods, Sit-Down Entrees, and Sit-Down Side Dishes
Accompanying Entrees
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A multifactor analysis of variance model was fit for quick-serve foods and sit-down entrees (no side dishes) and included the following predictors: restaurant type,
stated energy, and their interaction (model R2=0.10). The interaction was significant (P=.04); thus, the correlation of energy difference and stated energy is presented
for each restaurant type separately. Simple linear regression equation for sit-down entrees: energy difference=176−0.28�stated energy.
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In post hoc analyses, the discrep-
ancy between measured and stated por-
tion size was significantly associated
with the accuracy of the stated energy
contents (R2= 0.07; P = .008). How-
ever, there was no statistically signifi-
cant association between stated pro-
portions of macronutrients or cost of
the food and the accuracy of the stated
energy contents.

The 10% of foods (n=17) from both
quick-serve and sit-down restaurants
with the highest positive discrepancy
between measured and stated energy
contents in the first analysis were tar-
geted for resampling. The data for the
13 foods that were available for a sec-
ond purchase (ie, had not been taken
off the menu) are shown in FIGURE 3.
In the first analysis, this group of foods
had a mean difference between mea-
sured and stated energy contents of 289
kcal/portion (95% CI, 186 to 392 kcal/
portion) (compared with 0 kcal/
portion difference, P�.001), and there
was a similar discrepancy in the re-
analysis (258 kcal/portion [95% CI, 154
to 361 kcal/portion] compared with 0
kcal/portion; P�.001) (for the com-
parison with the first sample, P=.37).
Considering the first and second sam-
pling of the 13 foods together, the 26
foods had a mean measured energy con-
tent of 273 kcal/portion (95% CI, 205
to 341 kcal/portion) higher than the
stated energy content, representing a
48% discrepancy.

As shown in TABLE 2, an analysis of
differences between stated and mea-
sured energy contents in relation to
food type showed that carbohydrate-
rich foods (81 kcal/portion [95% CI, 23
to 140 kcal/portion]; P=.004) and des-
serts (38 kcal/portion [95% CI, −0.49
to 77 kcal/portion]; P=.02) contained
significantly more energy than stated
(both P values were based on log-
transformed data). In addition, carbo-
hydrate-rich foods and salads had sig-
nificantly more variability in the
difference between stated and mea-
sured energy contents than sand-
wiches (SD, 251 and 185 vs 177 kcal/
portion, respectively; P=.04 for salads
compared with sandwiches and P=.02

for carbohydrate-rich foods compared
with sandwiches).

COMMENT
The prevalence of obesity remains at
epidemic levels2 and national recom-
mendations emphasize reducing
energy intake to facilitate weight loss
and prevent weight gain.7 However,
the extent to which this recommen-
dation can be implemented depends
in part on the accuracy of available
information on the energy contents
of foods that are typically consumed.
Foods purchased in restaurants are
of particular concern with respect to
the accuracy of the available informa-
tion because they were estimated in
2008 to provide approximately 35%
of energy intake.25

In this regionally representative study
of randomly selected food items, there
was no significant mean difference be-
tween the measured and stated energy
contents in all foods considered to-
gether, and the stated energy contents
averaged only 10 kcal/portion higher
than the measured energy contents.
However, the stated information of in-
dividual foods was variable and 19% of
individually tested foods contained en-
ergy contents of at least 100 kcal/
portion more than the stated energy
contents, an amount that has been pro-
jected to cause 5 to 7 kg of weight gain

per year if consumed daily.26-29 Al-
though not typical, 1 side dish in our
study contained an excess of 1000 kcal/
portion more than the stated energy
amount of 450 kcal/portion, which is
an amount that is nearly half the total
daily energy requirement for most in-
dividuals. Thus, the overall results sug-
gest that stated information on food en-
ergy content in restaurants is broadly
accurate, a finding that supports in-

Figure 3. Difference Between Measured
and Stated Energy for a Subset of Repeated
Samples (n = 13)
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The lines connect paired data points. The mean for
the original sample was 289 kcal/portion (95% con-
fidence interval, 186 to 392 kcal/portion) and the mean
for the repeat sample was 258 kcal/portion (95% con-
fidence interval, 154 to 361 kcal/portion). Both of these
were significantly greater than 0 kcal (P�.001 for both)
and they were not significantly different from each
other (P=.37).

Table 2. Measured vs Stated Energy Content Among Restaurant Food Items by Food
Category

Food Category No.

Energy, Mean (95% Confidence Interval), kcal/portion
P

ValueStated Measured Discrepancy

Desserts 10 382 (220 to 544) 421 (228 to 613) 38 (−0.49 to 77) .02a

Pizza 18 550 (346 to 755) 532 (353 to 711) −18 (−57 to 22) .90

Sandwiches 48 832 (746 to 917) 798 (719 to 877) −34 (−85 to 17)b,c .20

Meat 22 574 (459 to 689) 524 (423 to 624) −50 (−117 to 17) .13

Mixed dishes 46 882 (754 to 1009) 846 (734 to 959) −35 (−105 to 34) .44

Vegetables and fruit 16 128 (89 to 167) 117 (72 to 162) −11 (−39 to 17) .10

Salads 26 510 (393 to 627) 537 (396 to 678) 27 (−48 to 102)b .38

Soups 10 236 (149 to 323) 278 (177 to 379) 42 (−41 to 124) .26

Carbohydrate-rich
foods

73 339 (296 to 382) 420 (345 to 496) 81 (23 to 140)c .004

aThe discrepancy between the P value and the 95% confidence interval is due to the P value being calculated using the
log-transformed energy content.

bFor comparison of SDs (salads were more variable than sandwiches), the P value was equal to .04. The Tukey post hoc
test was used to control for multiple comparisons.

cFor comparison of SDs (carbohydrate-rich foods were more variable than sandwiches), the P value was equal to .02. The
Tukey post hoc test was used to control for multiple comparisons.
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creased reporting of nutrition informa-
tion in restaurants.30 However, among
entrees obtained in sit-down restau-
rants, those with a lower stated energy
content (ie, the most appropriate
choices for individuals trying to lose
weight or prevent weight gain) system-
atically contained more energy than
stated, whereas foods with higher stated
energy contents had lower energy con-
tents than stated. This finding is broadly
consistent with our previous prelimi-
nary observation of high measured food
energy contents relative to stated en-
ergy contents in foods with lower stated
energy contents17 and has the poten-
tial to impede individual efforts to re-
duce energy intake to prevent or treat
obesity.

In addition, among the 10% of foods
with the greatest positive difference be-
tween measured and stated energy con-
tents that were available for resamp-
ling (mean excess energy content of 289
kcal/portion in 13 foods, representing
a 52% difference), there was a similar
discrepancy in the second sample ob-
tained several months after the initial
collection. This finding addresses a
question raised in our pilot study17 of
whether inaccuracy in an individual
stated food item is due to random er-
ror or is food-specific, and indicates that
some popular restaurants do serve
meals that repeatedly contain substan-
tially higher energy contents than
stated.

While quick-serve restaurants have
frequently been criticized for offering
suboptimal nutrition choices,12,31,32 the
stated energy contents of foods from sit-
down restaurants in our study were
more variable relative to measured en-
ergy contents, indicating that indi-
vidual foods from sit-down restau-
rants were more likely to contain much
higher or lower energy contents than
stated. In addition, the energy con-
tents of side dishes from sit-down res-
taurants were significantly higher than
stated compared with the entrees they
accompanied, and an analysis of the
data in relation to food groupings found
that carbohydrate-rich foods and
dressed salads had more variability in

stated energy content relative to mea-
sured energy content compared with
sandwiches. The greater inconsis-
tency in stated energy content among
choices viewed by the public as healthy
is only partly explained by the fact that
these items had lower stated energy
contents. It may be relevant that there
are currently no federal regulations
specifying acceptable limits of accu-
racy for stated information of indi-
vidual restaurant-purchased foods,
whereas packaged food regulations re-
quire that measured energy content in
a random sample of 12 units must av-
erage no more than 120% of the stated
energy content.33

Understanding the specific reasons
why individual foods have inaccurate
stated energy contents (especially in sit-
down restaurants) was not the focus of
this study but portion weights pre-
dicted inaccuracy, suggesting that poor
quality control of portion size may have
been a contributing factor. Evidence of
suboptimal quality control of portion
size at the restaurant level was seen in
the observation that items typically pre-
portioned at the factory level before
reaching the restaurant (eg, most fast-
food items) tended to have the great-
est stated accuracy. Thus, greater at-
tention to onsite quality control of
portioning may improve the accuracy
of the stated energy content in restau-
rants; one possible method would be to
mimic offsite portioning methods by
using scales or volume weights for key
ingredients.

Assuming that providing the gen-
eral public greater access to informa-
tion on food energy contents may
help address the obesity epidemic,
what constitutes an adequate level of
reliability in stated energy contents
of individual restaurant foods should
be considered, as well as recommen-
dations for how such benchmarks
can be achieved, with feasible imple-
mentation and oversight in different
types of restaurants. However, the
finding that the foods with lower
stated energy contents were the ones
that tended to have higher measured
energy contents than stated suggests

more than just random error, and
further exploration of the reasons for
this problem are needed.

All study foods were obtained as
take-out items and were separately
packaged into individual containers.
Although anecdotally consumers fre-
quently request items to be packaged
separately, and we are not aware of
any evidence suggesting that the pack-
aging could have influenced the
results obtained, this possibility
should be addressed in future investi-
gations. Furthermore, single samples
of foods were taken, with the excep-
tion of the duplicate resampling proto-
col, and although we identify portion
size as one factor contributing to
errors in stated food energy contents,
the study could not identify further
causes of errors including quality con-
trol in recipes or errors in the database
composition of ingredients (eg, USDA
Nutrient Database for Standard
Reference).34 In addition, the bomb
calorimetry technique used in this
study was shown in a previous valida-
tion to underrecover energy content
by 1.9%,17 an amount that has not yet
been confirmed in additional testing.
If confirmed and added back to the
measured values in this study, this
would result in a slightly larger overall
discrepancy between measured and
stated energy contents.

The results of this study have impli-
cations for pending implementation of
new legislation35 requiring more res-
taurants to document the energy con-
tent of their menu items. Posted infor-
mation on energy content in restaurants
may influence consumer choice to-
ward options with lower stated energy
contents.36,37 Although our study
showed that stated energy contents in
restaurants are relatively accurate on av-
erage, thus supporting greater avail-
ability of this information, projected
benefits for preventing weight gain and
facilitating weight loss are likely to be
reduced if restaurant foods with lower
stated energy contents provide more en-
ergy content than stated. Additional
portion control in restaurants has the
potential to facilitate individual ef-
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forts to reduce energy intake and to help
resolve the national obesity epidemic.
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