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Abstract

Introduction

Large chain restaurants reduced calories in their newly-introduced menu items from

2012 to0 2015. The objective of this study was to provide updated calorie trends through
2018 and examine trends in the macronutrient composition of menu items across this time
period.

Methods and findings

Data were obtained from the MenuStat project and include 66 of the 100 largest revenue
generating U.S. chain restaurants (N = 28,238 items) that had data available in all years
from 2012 to 2018. Generalized linear models were used to examine per-item calorie and
nutrient changes (saturated fat, trans fat, unsaturated fat, sugar, non-sugar carbohydrates,
protein, sodium) among (1) items on the menu in all years (common items) and (2) newly
introduced items (2013-2018). Overall, there were no significant changes in calories or
nutrients among common items from 2012 to 2018. Among all newly introduced items, calo-
ries (-120 kcals, -25%, p = 0.01; p-for-trend = 0.02), saturated fat (-3.4g, -41%, p<0.01, p-
for-trend = 0.06), unsaturated fat (-4.5g, -37%, p = 0.02; p-for-trend = 0.04), non-sugar car-
bohydrates (-10.3g, -40%, p = 0.02, p-for-trend = 0.69), and protein (-4.3g, -25%, p = 0.04,
p-for-trend = 0.02) declined.

Conclusion

Newly introduced menu items in large chain restaurants have continued to decline in calo-
ries through 2018, which may help to reduce calorie intake. Other changes in macronutrient
content were sporadic and not clearly toward improved dietary quality.
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Introduction

Over half of food expenditures in the United States are spent on food away from home, a
majority (72%) of which is at restaurants.[1] In 2019, Americans are expected to have spent
over $863 billion at over 1 million restaurants across the U.S.[2, 3] Compared to eating at
home, eating in restaurants is associated with consuming more calories, fat, sodium, and cho-
lesterol[4] as well as increased risk for obesity.[5-8]

In recent years, large chain restaurants have made calorie and nutrient changes to menu
items, which may benefit population health. From 2012 to 2014, the calorie content of newly
introduced menu items decreased by about 60 calories (or 12 percent) [9]. From 2012 to 2015,
mean calories for items that remained on the menu were significantly lower than mean calo-
ries for items that were dropped from the menu.[9] Among fast food restaurants, this decline
was driven primarily by a decrease in calories from unsaturated fat.[10] From 2012 to 2016,
calorie-adjusted sodium content in newly introduced menu items declined by 104mg.[11]

Given the size of the restaurant industry, the frequency with which Americans eat out, and
the poor nutritional quality of restaurant food, and the resulting adverse health consequences
of overconsumption, continued surveillance of calorie and nutrient changes to restaurant
menu offerings can provide important information about ongoing trends. MenuStat is a data-
base that tracks nutritional content of menu items, currently through 2018, in nearly all of the
100 top-selling U.S restaurant chains, representing about half of all US restaurant revenue
[12]. This updated database provides an opportunity to expand prior analyses with data
through 2018 and to compare across a 7-year time period.[13] [12] We used the MenuStat
data from 2012 to 2018 to examine trends in calories and nutrients on the menu of large U.S.
chain restaurants. Building on prior research, we hypothesized that calories and nutrients
among items commonly on the menu each year remained the same and that calories and
nutrients most associated with chronic disease risk (sugar, saturated fat, sodium) decreased
among newly introduced items, with some variability across menu categories.

Methods
Data

We obtained data from the MenuStat Project (menustat.org), provided by the New York City
Department of Health and Mental Hygiene. The Menustat team annually collects calorie and
nutrient information about menu items made public by restaurants on their websites. Menu
items are assigned to one of 12 mutually exclusive menu categories, and a unique, numeric
identifier is assigned to each item (see S1 File for details). For items that appear on menus in
multiple years, the menu ID remains the same. We restricted our analysis to 66 fast food, fast
casual, and full service restaurant chains that appear in all seven years of data (2012-2018),
which includes N = 28,238 unique menu items (see S1 Table for details). Data were collected
for 2012-2018 and analyzed in 2019.

Measures

We examined two sets of continuous outcomes: 1) mean, within-item changes in calories and
nutrients (e.g., sodium, sugar and saturated fat) from 2012 to 2018 among items on the menu
in all years (hereafter referred to as common items) and 2) mean, between-item calories and
nutrients among newly introduced items from 2013 to 2018. We were particularly interested
in changes in sodium, sugar, and saturated fat, and display those results graphically, as they are
nutrients of high public health importance. Consistent with prior studies using these data,[9-
11, 14-16] menu items were identified as common if they had the same name, item
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description, and item ID in all years; items were defined as newly introduced in 2013-2018 if
they did not have a matching name, item description, or item ID in any preceding year.

The primary outcomes were calories and nutrients in common items and newly introduced
items, measured annually. We included restaurant-level covariates: restaurant saturation
across the U.S. (whether the restaurant chain was located in all 9 Census divisions vs. not) and
restaurant type (fast food, full service, fast casual). Given that many large chain restaurants vol-
untarily implemented menu labeling in advance of the federal rule and during the study
period,[17] we additionally included an indicator for the year the restaurant began labeling
their menus with calories. More information about these covariates can be found in S1 File, S1
Table, and S2 Table.

Information about calories and nutrients (saturated fat, trans fat, unsaturated fat, sugar,
non-sugar carbohydrates, protein, and sodium) were available for most items from 2012-2018
(see S3 Table for missingness by nutrient type). Items were excluded from the analysis if they:
1) were common items that lacked a measure for calories in any year of data (N = 389; 1%), 2)
were newly introduced items that lacked calorie information in the year they were introduced
(N =7,636; 15%), or 3) were on a menu in 2012 and removed in any year prior to 2018
(N =10,805; 21%). We removed these latter items because we could not determine if they were
newly introduced; we did not have data before 2012 to know if they appeared previously on
the menu or were new in 2012. For an item missing data for any additional nutrient of interest,
the item was excluded only from the analysis for that nutrient (e.g., saturated fat) in the year
the datum was missing but included in all other analyses. We also excluded the toppings and
ingredients category because restaurant reporting of these items was inconsistent over the
study period. In some cases, toppings and ingredients were “double reported” in the MenuStat
database, in that they were accounted for within certain types of items and also reported sepa-
rately as stand-alone ingredients (e.g., pepperoni was added as a new topping in 2017 although
pepperoni pizza had been included on the menu in all prior years of the data).

Statistical analysis

We conducted all analyses in 2019 using Stata Version 15 (StatCorp LLC, College Station, TX),
using generalized linear models to examine per-item trends across all years for common and
newly introduced items as well as comparing 2012 vs. 2018 for common items and 2013 vs.
2018 for newly introduced items. We accounted for clustered observations at the restaurant
chain level because items within chains may have been correlated, meaning that menu items
within a restaurant chain may be more similar than menu items between restaurant chains.
The unit of observation was the item and the primary outcome was calories or nutrient value
of interest. We controlled for the covariates described above, and the margins command was
used to estimate the yearly predicted mean per-item nutrient values for each menu category
and sub-category (e.g., all items; items categorized as food or beverage; food subcategorized as
appetizer or side, main dish, etc.) post-regression.

For each set of outcomes (calories and nutrients in common items and newly introduced
items), we examined two models. First, to test for a linear trend, the main independent variable
was a continuous variable for the year the item was offered (common items) or introduced
(newly introduced items). Second, to compare differences between 2012 vs. 2018 (common
items) or 2013 vs. 2018 (newly introduced items), year was specified as a categorical variable.
For both models, we included item-level covariates (children’s menu item status, regional, lim-
ited-time offers) and whether the item is categorized as shareable (also a MenuStat designa-
tion) which is similar to prior publications using the MenuStat data,[9-11, 14, 15, 18]. To
account for correlated observations over time for common items only, we also included item
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fixed effects and removed all time-invariant restaurant-level covariates. For relevant models,
we report either p-values for trend to indicate linear changes over time or p-values to indicate
changes between the first and last year of the data.

We conducted several sensitivity analyses to test the robustness of our main findings. First,
we adjusted the nutrient analyses for the calorie content of menu items to determine whether
observed changes in nutrients were independent of changes in calories. Second, for the nutri-
ent analyses, we excluded items when calories were +50 calories different than the sum of their
nutrient calories (N = 1149, 5%) or when calories could not be calculated from nutrients due
to missing information about those nutrients (N = 559, 2%). Third, we excluded items from
restaurants that did not label their menus with calories by 2018 as required by federal law
(N =338, 1%). Fourth, we classified items as shareable that were not identified as such by the
MenusStat team but had >2000 calories (N = 24, 0.1%) or >1000 calories for appetizers & sides
(N =52,0.2%).

Results

Characteristics of menu items

Table 1 shows the characteristics of menu items in the 66 chain restaurants from 2012 to 2018,
overall and by category. Of the 28,238 items, 48% were in fast food restaurants, 54% were food
items (most in the main course category), 46% were beverages, and 6% were children’s items.
Overall, 20% of food items and 10% of beverage items were common and appeared on the
menu in all years. In each year 2013 to 2018, newly introduced items represented 12% to 20%
of all food items and 10% to 25% of all beverage items. Additional characteristics of menu
items in the 66 chain restaurants can be found in S2 Table.

Table 1. Characteristics of items on menus in 66 U.S. restaurants from 2012-2018, overall and by category.

Menu Category On menus in all Items new in Items new in Items new in Items new in Items new in Items new in
years 2013 2014 2015 2016 2017 2018
Overall (n) 28,238 4,284 4,146 3,328 3,551 3,747 5,203 3,979
Food® 54.4% 71.2% 48.4% 53.2% 55.7% 65.9% 37.8% 53.3%
Beverages 45.6% 28.8% 51.6% 46.8% 44.3% 34.1% 62.2% 46.7%
Food Category (n) 15,357 3,049 2,006 1,769 1,977 2,469 1,965 2,122
Appetizers & sides 11.2% 11.8% 6.0% 9.8% 10.2% 13.5% 12.5% 13.6%
Main courses 70.5% 61.3% 75.6% 72.2% 72.0% 70.9% 72.9% 73.5%
Fried Potatoes 2.4% 5.3% 1.9% 1.5% 2.6% 0.6% 2.0% 1.3%
Desserts & baked 15.9% 21.6% 16.5% 16.5% 15.2% 15.0% 12.5% 11.7%
goods
Main course category | 10,829 1,869 1,516 1,278 1,424 1,750 1,433 1,559
(m)
Burgers 8.4% 11.8% 7.2% 7.2% 7.9% 7.2% 8.0% 8.8%
Entrees 37.5% 33.9% 29.9% 39.5% 45.4% 43.5% 33.6% 37.3%
Pizza 14.7% 11.3% 7.7% 8.2% 13.3% 12.2% 26.9% 23.7%
Salads 8.4% 8.1% 9.1% 10.4% 7.7% 8.9% 8.4% 6.5%
Sandwiches 26.8% 26.9% 38.3% 32.0% 23.7% 26.1% 19.7% 21.6%
Soups 4.2% 8.1% 7.9% 2.7% 2.0% 2.2% 3.3% 2.1%

Major row values are # of all menu items. Minor row values are proportions (%) of the major row column totals, unless otherwise indicated.

* Included all menu categories except beverages and toppings & ingredients

https://doi.org/10.1371/journal.pone.0228891.t001
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Fig 1. Predicted per-item means for common and newly introduced items, 2012-2018. All estimates are adjusted for restaurant type, whether the restaurant is a
national chain, the year the restaurant began labeling their menus with calories, and whether the item is categorized as a kid’s item, shareable, regional or offered for a
limited time. Estimates for common items included item fixed effects. *The estimate for the trend from 2013 to 2018 is significant at p<0.05. tThe estimate for the
change from 2013 to 2018 is significant at p<0.05.

https://doi.org/10.1371/journal.pone.0228891.9001

Predicted means among common and newly introduced items

Fig 1 shows predicted means among common and newly introduced items (combining food
and beverages together) for calories and several nutrients of particular public health impor-
tance (sodium, sugar, and saturated fat). There was no significant change in calories or nutri-
ents among common items. For newly introduced items, calories (-120 kcals, -25%, p = 0.01;
p-for-trend = 0.02) and saturated fat (-3.4g, -41%, p<0.01, p-for-trend = 0.06) declined (5S4
Table). Also among newly introduced items, unsaturated fat (-4.5g, -37%, p = 0.02; p-for-
trend = 0.04), non-sugar carbohydrates (-10.3g, -40%, p = 0.02, p-for-trend = 0.69), and pro-
tein (-4.3g, -25%, p = 0.04, p-for-trend = 0.02) declined (S4 Table). For each year prior to
2018, the mean predicted calories among newly introduced items was higher than mean calo-
ries among common items. However, in 2018, the mean calories and saturated fat in newly
introduced items was lower than common items. Sodium in newly introduced items has
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Table 2. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar, non-sugar carbohydrates, protein and sodium for common food and bev-

erage items on menus in 2012-2018.

Menu Category

Food®
Calories (kcals)
Saturated fat (g)
Trans fat (g)
Unsaturated fat (g)
Sugar (g)
Non-sugar carbohydrates (g)
Protein (g)
Sodium (mg)
Beverages
Calories (kcals)
Saturated fat (g)
Trans fat (g)
Unsaturated fat (g)
Sugar (g)
Non-sugar carbohydrates (g)
Protein (g)
Sodium (mg)

3049
2963
2425
2425
2433
2428
2992
2974

1235
1221
1098
1098
1096
1081
1172
1232

Means p-value for trend 2012-2018
2012 2013 2014 2015 2016 2017 2018 Change p-value
452 460 463 463 461 472 467 0.14 15 kcals 0.22
8.3 8.4 8.3 8.4 8.4 8.6 8.6 0.17 03g 0.20
0.34 0.36 0.36 0.33 0.33 0.33 0.29 0.12 -0.06 g 0.11
13.6 13.5 13.5 13.5 13.5 13.6 13.5 0.99 -0.1g 0.72
12.4 12.3 12.4 12.2 12.0 12.4 12.9 0.72 05¢g 0.58
29.3 29.3 29.7 29.7 30.5 30.5 29.5 0.24 02g 0.68
18.5 19.0 18.9 18.8 18.6 19.0 18.8 0.87 03g 0.65
888 916 926 922 921 948 953 0.14 65 mg 0.16
273 272 270 270 269 268 275 0.83 2 keals 0.67
3.8 3.7 3.7 3.7 3.6 3.6 3.6 0.02 -02g 0.10
0.09 0.10 0.11 0.12 0.12 0.11 0.11 0.30 0.02g 0.22
2.2 2.2 2.1 2.1 2.1 2.1 2.1 0.13 -0.1g 0.22
50.1 50.1 49.7 49.5 49.9 49.7 51.5 0.46 l4g 0.26
4.4 4.4 4.3 4.4 4.6 4.6 4.8 0.33 04g 0.26
4.1 4.1 4.1 4.1 4.1 4.0 4.0 0.25 -0.1g 0.13
123 119 119 119 120 120 122 0.98 -1 mg 0.88

Boldface indicates statistical significance at p<0.05. The n indicates total number of items available in all years for that category. All estimates included item fixed effects

and are adjusted for whether the item is shareable, regional or offered for a limited time.

*Included all menu categories except beverages and toppings & ingredients.

https://doi.org/10.1371/journal.pone.0228891.t1002

remained below common items since 2017. The mean sugar in newly introduced items
remained consistently higher than common items in all years of data.

Predicted mean per-item calories and nutrients for common food and
beverage items

Table 2 shows the annual predicted mean per-item calories and nutrients for common food
and beverage items. The only significant change was a declining trend for saturated fat among
beverages (-0.2g, -5%, 2018 vs. 2013 p = 0.10, p-for-trend = 0.02). Within sub-categories of
common items, significant changes were observed for appetizers (sodium increased, +112mg,
17%, p = 0.01, p-for-trend = 0.01; sugar decreased -0.7g, -12%, p = 0.04, p-for-trend = 0.03),
and fried potatoes (sodium increased +110mg, 17%, p = 0.04, p-for-trend = 0.04) (S5 Table).

Predicted mean per-item calories and nutrients among newly introduced
food and beverage items

Table 3 shows predicted mean per-item calories and nutrients among food and beverage items
newly introduced to the menu from 2013 to 2018, the change in the nutrient of interest from
2013 to 2018, the p-value for the 2013 to 2018 change, and the p-value for the trend from 2013
to 2018. Among newly introduced food items, sugar (-6.7g, -35%, p = 0.02, p-for-trend = 0.01)
declined. Among newly introduced beverages, protein (-2.7g, -44%, p<0.01, p-for-trend<
0.01) declined across the study period and when comparing values from the first and last

years of data. Unsaturated fat (-1.8g, -58%, p = 0.01, p-for-trend = 0.23) and non-sugar
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Table 3. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar, non-sugar carbohydrates, protein and sodium for newly introduced food
and beverage items in 2013-2018.

Menu Category n | Newin 2013 | New in 2014 | New in 2015 | New in 2016 | New in 2017 | New in 2018 | p-value for trend 2013-2018
Change | p-value

Food"

Calories (kcals) 12308 618 602 585 588 525 547 0.10 -71 0.16

kcals

Saturated fat (g) 11934 10.8 11.0 10.3 10.4 10.6 9.6 0.38 -12¢g 0.26

Trans fat (g) 10822 0.4 0.5 0.4 0.3 0.3 0.3 0.27 -0.02¢g 0.84

Unsaturated fat (g) 10809 20.5 19.4 19.1 19.9 16.6 18.3 0.25 -23g 0.30

Sugar (g) 10947 19.1 17.2 14.7 14.8 13.1 12.4 0.01 -6.7¢g 0.02

Non-sugar carbohydrates 10924 423 38.6 39.5 37.2 64.8 37.6 0.62 -47g 0.27
@®

Protein (g) 12068 26.6 26.1 24.9 25.6 22.9 25.9 0.51 -0.7¢g 0.81

Sodium (mg) 12124 1315 1259 1228 1258 1113 1272 0.51 -43 mg 0.76
Beverages

Calories (kcals) 11646 316 355 304 283 300 231 0.23 -85 0.05

keals

Saturated fat (g) 11027 5.0 6.0 52 3.7 3.8 1.6 0.20 -34g 0.05

Trans fat (g) 10867 0.0 0.1 0.1 0.0 0.0 0.0 0.19 -00g 0.26

Unsaturated fat (g) 10858 3.1 4.0 3.1 2.7 2.7 1.2 0.23 -18¢g 0.01

Sugar (g) 11024 48.8 52.7 48.5 46.9 49.4 45.8 0.57 -3.0g 0.63

Non-sugar carbohydrates 10997 5.5 8.1 5.1 5.0 5.1 2.6 0.16 -29g 0.01
®

Protein (g) 11403 6.1 5.9 5.4 4.9 4.8 3.4 <0.01 -2.7¢g <0.01

Sodium (mg) 11562 79 160 144 130 173 113 0.53 34 mg 0.44

Boldface indicates statistical significance at p<0.05. The n indicates total number of items introduced in all years for that category. All estimates are adjusted for
restaurant type, whether the restaurant is a national chain, the year the restaurant began labeling their menus with calories, and whether the item is categorized as a kid’s
item, shareable, regional or offered for a limited time.

* Included all menu categories except beverages and toppings & ingredients.

https://doi.org/10.1371/journal.pone.0228891.t1003

carbohydrates (-2.9g, -53%, p = 0.01, p-for-trend = 0.16) were significantly lower in 2018 com-
pared to 2013 but the linear trend was not significant, indicating that the declines were not
consistent across the study period. Within sub-categories of newly introduced items, we
observed several changes (S6 Table). For example, calories decreased among burgers (-229
keals, -23%, p = 0.01, p-for-trend = 0.02), while calories among sandwiches (-71 kcals, -11%,

p = 0.04, p-for-trend = 0.23), desserts & baked goods (-111 kcals, -20%, p = 0.08, p-for-

trend = 0.04), and salads (+113 kcals, 26%, p = 0.03, p-for-trend = 0.31), were significantly dif-
ferent in 2018 compared to 2013, with no significant linear trends appearing across study
years.

Sensitivity analyses

When we calorie-adjusted the nutrient analysis for newly introduced items (S7 Table), the sig-
nificant declines in unsaturated fat (-0.6g, -21%, p = 0.02, p-for-trend = 0.22) and protein
remained for beverages (-1.5g, -25%; p<0.01, p-for-trend = 0.01) while sugar (+9.6g, 21%,

p = 0.02, p-for-trend = 0.09) and sodium (+73mg, 102%, p = 0.03, p-for-trend = 0.10)
increased from 2013 to 2018, although the trend was not significant. The results did not change
meaningfully for any of the further sensitivity analyses: 1) excluding items +50 calories differ-
ent than the sum of their nutrient calories or for which calories cannot be calculated due to
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missing nutrients (S8 Table), 2) excluding items from restaurants that did not label their
menus with calories by 2018 (S9 Table), and 3) reclassifying high-calorie items as shareable
(S10 Table).

Discussion

This study examined changes in calories and nutrients for more than 28,000 menu items at 66
of the largest U.S. chain restaurants from 2012 to 2018. Consistent with our hypothesis, we
find that newly introduced menu items in large chain restaurants have continued to decline in
calories through 2018 (a decrease which was primarily concentrated in the burgers and des-
serts/baked goods categories). Other changes in macronutrient content were sporadic and not
clearly toward improved dietary quality. For example, we observed a significant increase in sat-
urated fat from 2013 to 2018 but not a significant trend for that nutrient over the study period,
and this result attenuated when we controlled for item calories. We observed no overall change
in calories or nutrients for common items that were on the menu year-over-year.

The observed declines in calories and underlying changes in nutrients for newly introduced
menu items are mostly consistent with prior studies;[9, 10, 14, 15] although our finding that
average per-item sodium content increased for beverage items is different from an earlier
paper showing a decrease in sodium for food items.[11] Like earlier studies, we found that the
calories and nutrients of common items were not changing;[9, 10, 14] although one study did
show a significant decline in calories in common items from 2008 to 2015.[9]

It is possible that the declines in calories and nutrients in this study are related to local or
national nutrition policies; although this is unknowable from our data as we lack both pre and
post implementation data for relevant policies. For example, the menu labeling rule included
in the 2010 Affordable Care Act [19], was only implemented nationally on May 2018 (after sev-
eral delays); the law mandates that calorie information be posted on menus and menu boards
in restaurants or similar retail food establishments with more than 20 outlets. The data avail-
able for this study ends prior to the menu labeling implementation date. Prior to the Afford-
able Care Act, menu labeling regulations were adopted by more than 20 localities, beginning
with New York City in 2008.[20] Another relevant policy is the National Salt Reduction Initia-
tive (NSRI), which launched in 2009, a partnership with state and local health authorities and
national health organizations that encouraged food manufacturers and restaurants to volun-
tarily reduce sodium in their products.[21, 22] A third policy is the ban on trans fats in U.S.
restaurants and grocery stores which was announced by the Food and Drug Administration in
2015 (giving food-makers three years to phase out the ingredient).[23] Given that roughly a
third of Americans eat at fast food restaurants on a typical day, this continued trend for newly
introduced items may have implications for obesity and population health.[24] Without access
to sales data, we do not know whether customers are ordering newly introduced menu items
more frequently than common items, but the declining calorie content of new items provides
customers with more opportunity to select lower calorie items. The observed reductions in cal-
orie content of menu items-an average of 120 fewer calories in newly introduced items from
2013 to 2018 —may help reduce the excess calorie intake that underlie the obesity epidemic.
Research suggests that small behavior changes that shift energy balance by 100 to 200 calories
per day may be helpful for weight management.[25] While this energy deficit is smaller than
current recommendations to produce clinical relevant weight loss [26], small calorie changes
may be more sustainable than larger ones.[27] Moreover, these calories changes are likely
unknown by consumers and such “stealth health” approaches may increase the possibility for
sustained impact on calorie intake as they do not directly rely on consumer behavior changes.
Moreover, because consumption of fast food is higher among racial and ethnic minority
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populations, [24] and these groups are also at higher risk for obesity,[28] these changes may
also help to promote improvements in health equity.

Possible gains to population health due to calorie declines in newly introduced items should
be tempered by our finding that the overall nutritional quality of foods did not clearly change
for the better. We observed declines in unsaturated fat and protein for all newly introduced
items, sugar (for newly introduced food items), and protein (for newly introduced beverages).
Not all of these changes are positive. The declines in unsaturated fat and protein may have
implications for satiety.[29] Even though we did not empirically test for differences between
common and newly introduced items, average calories are quantitatively lower in the most
recent year of data collection. Time will tell if this remains. Overall, sugar and sodium
increased in calorie-adjusted analyses, but not with a significant trend over the entire course of
follow-up time.

Slight differences between the results in this manuscript and previous publications examin-
ing trends using the MenuStat data should be noted. First, we use the most current MenuStat
data for this evaluation (obtained in June 2019), which includes updated data for previous
years (confirmed by MenuStat via personal communication). Second, for our examination of
calorie and nutrient trends among newly introduced menu items, we begin our comparison in
2013 whereas previous manuscripts have examined trends among new items compared to
2012.[9, 14] We used 2013 as the starting point because we could not determine whether items
in 2012 were only on the menu in that year or also in prior years.

Future research should continue to monitor nutrient trends in large chain restaurants, par-
ticularly in response to the implementation of federal labeling policies.[19, 30] Several cities
have introduced sodium labeling as well (i.e., New York City, Philadelphia), and it will be
interesting to determine the effect of those labeling programs. Moreover, future work should
examine the cause of calorie or nutrient decreases in menu items (e.g., decreases in volume,
reformulation). It will also be important to collect and include data on purchases and con-
sumption to determine if the observed changes in restaurant offerings are contributing to
meaningful changes in purchasing and if these changes are realized by the populations most
likely to consume restaurant food on a regular basis.[24, 31]

This study has several limitations. First, data are limited to menu items from 66 of the larg-
est 100 U.S. chain restaurants and cannot be generalized to independent restaurants, small
chains, or fine dining restaurants. Second, these data were collected from online menus posted
on restaurant websites and may be subject to misreporting by restaurants or to human error in
data entry and coding. Prior research has found that the stated calorie content of restaurant
foods is generally accurate. [32]. However, MenuStat methods for data collection and entry are
rigorous,[13] and results presented here remained robust after conducting several sensitivity
analyses. Third, data for the MenuStat project are collected annually, in the first month of the
calendar year. Therefore, items that are introduced between February and December of each
year were attributed to the following year of data if they remain on the menu past the end of
the calendar year. Fourth, while these data are a census of items available on restaurant menus,
this analysis did not include price, purchase, or consumption data. Because of this, we cannot
account for the popularity of menu items, the frequency of their orders, or the relative impact
that this information may have on nutrient consumption among the population. Fifth, we had
to remove 21% of menu items for which unable to determine whether they were common as
we lack data before 2012 to know if they appeared before. Sixth, because we lack complete and
consistent data on volume across all the MenuStat data, we are unable to examine changes in
portion size over time. Seventh, because we lack sales and consumption data, we do not know
which menu items customers are more likely to purchase; therefore, interferences about the
impact of the study findings on consumer behavior is limited. Finally, this study did not
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examine nutrient differences between restaurants that did or did not implemented calorie
labeling. Previous research has shown that restaurants that post nutrition information have fewer
per-item calories on their menus. [16] However, we did not have enough years of post-labeling
information to fully assess any effects. Changes in nutrition after labeling has been implemented
is an important area for future study, now that labeling was rolled out in May 2018.

From 2013 to 2018, newly introduced menu items in large chain restaurants declined in cal-
ories, which may help to reduce calorie intake. However, the macronutrient composition of
newly introduced menu items did not shift to a healthier profile beyond calories. These find-
ings suggest a continuing trend toward reducing calories in new menu items but little progress
toward improving overall nutritional offerings at chain restaurants.

Supporting information

S1 File. Covariate definitions.
(DOCX)

S1 Table. Characteristics of 66 restaurants included in study.
(DOCX)

S2 Table. Restaurant- and item-level characteristics of items on menus from 2012-2018,
overall and by category.
(DOCX)

$3 Table. Items missing nutrients on menus in 66 U.S. restaurants from 2012-2018, overall
and by category.
(DOCX)

$4 Table. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar,
non-sugar carbohydrates, protein and sodium for common items and for newly intro-
duced items.

(DOCX)

S5 Table. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar,
non-sugar carbohydrates, protein and sodium by category for common items, 2012-2018.
(DOCX)

$6 Table. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar,
non-sugar carbohydrates, protein and sodium by category for newly introduced items,
2013-2018.

(DOCX)

S7 Table. Predicted calorie-adjusted per-item mean saturated fat, trans fat, unsaturated
fat, sugar, non-sugar carbohydrates, protein and sodium for newly introduced items,
2013-2018.

(DOCX)

S8 Table. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar,
non-sugar carbohydrates, protein and sodium for newly introduced items, 2013-2018.
Excluding items whose calories are £50 calories different than the sum of their nutrient calo-
ries (N = 1149) or calories cannot be calculated due to missing nutrients (N = 559).

(DOCX)

S9 Table. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat, sugar,
non-sugar carbohydrates, protein and sodium for newly introduced items in 2013-2018.

PLOS ONE | https://doi.org/10.1371/journal.pone.0228891  February 10, 2020 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s010
https://doi.org/10.1371/journal.pone.0228891

@ PLOS|ONE

Calorie and nutrient trends in large U.S. chain restaurants, 2012-2018

Excluding items from restaurants that did not label their menus with calories by 2018
(N =338).
(DOCX)

$10 Table. Predicted mean per-item calories, saturated fat, trans fat, unsaturated fat,
sugar, non-sugar carbohydrates, protein and sodium for newly introduced items in 2013-
2018 where all items >2000 calories (N = 24) and all appetizers & sides >1000 calories

(N =52) are flagged as shareable.

(DOCX)

Acknowledgments

The authors would like to thank the New York City Department of Health and Mental
Hygiene for creating and maintaining Menustat.org.

Author Contributions

Conceptualization: Sara N. Bleich.

Formal analysis: Mark ]. Soto.

Investigation: Sara N. Bleich.

Methodology: Mark J. Soto, Caroline Glagola Dunn, Alyssa J. Moran, Jason P. Block.
Project administration: Caroline Glagola Dunn.

Resources: Sara N. Bleich.

Supervision: Sara N. Bleich.

Writing - original draft: Sara N. Bleich.

Writing - review & editing: Mark J. Soto, Caroline Glagola Dunn, Alyssa J. Moran, Jason P.
Block.

References

1. Saksena MJ, Okrent AM, Anekwe TD, Cho C, Dicken C, Effland A, et al. America’s Eating Habits: Food
Away From Home. Washington, DC: USDA, 2018 Contract No.: 196.

2. National Restaurant Association. State of the Industry Report. 2019. [Cited 2020 January 29]. Available
from: https://restaurant.org/research/reports/state-of-restaurant-industry

3. National Restaurant Association. National Statistics: Restaurant Industry Facts at a Glance 2019 [cited
2019 August 29]. Available from: https://restaurant.org/research/restaurant-statistics/restaurant-
industry-facts-at-a-glance.

4. AnR. Fast-food and full-service restaurant consumption and daily energy and nutrient intakes in US
adults. Eur J Clin Nutr. 2016; 70(1):97. https://doi.org/10.1038/ejcn.2015.104 PMID: 26130301

5. Duffey KJ, Gordon-Larsen P, Steffen LM, Jacobs DR Jr, Popkin BM. Regular consumption from fast
food establishments relative to other restaurants is differentially associated with metabolic outcomes in
young adults. J Nurt. 2009; 139(11):2113-8.

6. Pereira MA, Kartashov Al, Ebbeling CB, Van Horn L, Slattery ML, Jacobs DR Jr, et al. Fast-food habits,
weight gain, and insulin resistance (the CARDIA study): 15-year prospective analysis. The Lancet.
2005; 365(9453):36—42.

7. Rosenheck R. Fast food consumption and increased caloric intake: a systematic review of a trajectory
towards weight gain and obesity risk. Obes Rev. 2008; 9(6):535—47. https://doi.org/10.1111/j.1467-
789X.2008.00477.x PMID: 18346099

8. Bhutani S, Schoeller DA, Walsh MC, McWilliams C. Frequency of eating out at both fast-food and sit-
down restaurants was associated with high body mass index in non-large metropolitan communities in

PLOS ONE | https://doi.org/10.1371/journal.pone.0228891  February 10, 2020 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228891.s011
http://Menustat.org
https://restaurant.org/research/reports/state-of-restaurant-industry
https://restaurant.org/research/restaurant-statistics/restaurant-industry-facts-at-a-glance
https://restaurant.org/research/restaurant-statistics/restaurant-industry-facts-at-a-glance
https://doi.org/10.1038/ejcn.2015.104
http://www.ncbi.nlm.nih.gov/pubmed/26130301
https://doi.org/10.1111/j.1467-789X.2008.00477.x
https://doi.org/10.1111/j.1467-789X.2008.00477.x
http://www.ncbi.nlm.nih.gov/pubmed/18346099
https://doi.org/10.1371/journal.pone.0228891

@ PLOS|ONE

Calorie and nutrient trends in large U.S. chain restaurants, 2012-2018

10.

11.

12

13.

14.

15.

16.

17.

18.

19.
20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

Midwest. Am J Health Promot. 2018; 32(1):75-83. https://doi.org/10.1177/0890117116660772 PMID:
27574335

Bleich SN, Wolfson JA, Jarlenski MP. Calorie changes in large chain restaurants: declines in new menu
items but room for improvement. Am J Prev Med. 2016; 50(1):e1—e8. https://doi.org/10.1016/j.amepre.
2015.05.007 PMID: 26163168

Jarlenski MP, Wolfson JA, Bleich SN. Macronutrient composition of menu offerings in fast food restau-
rants in the US. Am J Prev Med. 2016; 51(4):e91—€7. https://doi.org/10.1016/j.amepre.2016.03.023
PMID: 27180027

Wolfson JA, Moran AJ, Jarlenski MP, Bleich SN. Trends in Sodium Content of Menu Items in Large
Chain Restaurants in the US. Am J Prev Med. 2018; 54(1):28-36. https://doi.org/10.1016/j.amepre.
2017.08.018 PMID: 29056370

Technomic. Top 500 Chain Restaurant Report 2019 [cited 2019 December 11]. Available from: https://
www.technomic.com/available-studies/industry-reports/top-500.

MenuStat Methods: New York Department of Health and Mental Hygiene; 2018 [updated January
2018; cited 2018 September 4]. Available from: http://menustat.org/Content/assets/pdfFile/MenuStat%
20Data%20Completeness%20Documentation.pdf.

Bleich SN, Wolfson JA, Jarlenski MP. Calorie changes in chain restaurant menu items: implications for
obesity and evaluations of menu labeling. Am J Prev Med. 2015; 48(1):70-5. https://doi.org/10.1016/.
amepre.2014.08.026 PMID: 25306397

Frelier JM, Moran AJ, Vercammen KA, Jarlenski MP, Bleich SN. Trends in Calories and Nutrients of
Beverages in US Chain Restaurants, 2012-2017. Am J Prev Med. 2019; 57(2):231—40. https://doi.org/
10.1016/j.amepre.2019.03.023 PMID: 31326007

Bleich SN, Wolfson JA, Jarlenski MP, Block JP. Restaurants with calories displayed on menus had
lower calorie counts compared to restaurants without such labels. Health Aff. 2015; 34(11):1877-84.

Cleveland LP, Simon D, Block JP. Compliance in 2017 With Federal Calorie Labeling in 90 Chain Res-
taurants and 10 Retail Food Outlets Prior to Required Implementation. Am J Public Health. 2018; 108
(8):1099-102. 2. https://doi.org/10.2105/AJPH.2018.304513 PMID: 29927646

Moran AJ, Block JP, Goshev SG, Bleich SN, Roberto CA. Trends in nutrient content of children’s menu
items in US chain restaurants. AJPM. 2017; 52(3):284-91.

Patient protection and affordable care act, Pub. L. No. 48(2010).

Center for Science in the Public Interest. State and Menu Labeling Policies Washington, DC2014 [cited
2019 December 10]. Available from: https://cspinet.org/resource/state-and-menu-labeling-policies.

New York City Department of Health and Mental Hygiene. National Salt Reduction Initiative Corparate
Achievements 2014 [cited 2019 Devember 10]. Available from: https://www1.nyc.gov/assets/doh/
downloads/pdf/cardio/nsri-corporate-commitments.pdf.

New York City Department of Health and Mental Hygiene. Sodium Initiatives 2018 [cited 2019 Decem-
ber 10]. Available from: https://www1.nyc.gov/site/doh/health/health-topics/national-salt-reduction-
initiative.page.

U.S. Food and Drug Administration. Final Determination Regarding Partially Hydrogenated Oils
(Removing Trans Fat) 2018 [cited 2019 December 10]. Available from: https://www.fda.gov/food/food-
additives-petitions/final-determination-regarding-partially-hydrogenated-oils-removing-trans-fat.

Fryar CD>, Hughes JP, Herrick KA, Ahluwalia N. Fast Food Consumption Among Adults in the United
States, 2013-2016. DHHS, 2018 Contract No.: 322.

Hills AP, Byrne NM, Lindstrom R, Hill JO. ’Small changes’ to diet and physical activity behaviors for
weight management. Obes Facts. 2013; 6(3):228-38. https://doi.org/10.1159/000345030 PMID:
23711772

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013 AHA/ACC/TOS
guideline for the management of overweight and obesity in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines and The Obesity Society.
Circulation. 2014; 129(25 Suppl 2):S102-38.

Raynor HA, Champagne CM. Position of the Academy of Nutrition and Dietetics: Interventions for the
Treatment of Overweight and Obesity in Adults. J Acad Nutr Diet. 2016; 116(1):129-47. https://doi.org/
10.1016/j.jand.2015.10.031 PMID: 26718656

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity among adults and youth: United
States, 2015-2016: US Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Health Statistics; 2017.

Carreiro AL, Dhillon J, Gordon S, Higgins KA, Jacobs AG, McArthur BM, et al. The macronutrients,
appetite, and energy intake. Annu Rev Nutr. 2016; 36:73—103. https://doi.org/10.1146/annurev-nutr-
121415-112624 PMID: 27431364

PLOS ONE | https://doi.org/10.1371/journal.pone.0228891  February 10, 2020 12/13


https://doi.org/10.1177/0890117116660772
http://www.ncbi.nlm.nih.gov/pubmed/27574335
https://doi.org/10.1016/j.amepre.2015.05.007
https://doi.org/10.1016/j.amepre.2015.05.007
http://www.ncbi.nlm.nih.gov/pubmed/26163168
https://doi.org/10.1016/j.amepre.2016.03.023
http://www.ncbi.nlm.nih.gov/pubmed/27180027
https://doi.org/10.1016/j.amepre.2017.08.018
https://doi.org/10.1016/j.amepre.2017.08.018
http://www.ncbi.nlm.nih.gov/pubmed/29056370
https://www.technomic.com/available-studies/industry-reports/top-500
https://www.technomic.com/available-studies/industry-reports/top-500
http://menustat.org/Content/assets/pdfFile/MenuStat%20Data%20Completeness%20Documentation.pdf
http://menustat.org/Content/assets/pdfFile/MenuStat%20Data%20Completeness%20Documentation.pdf
https://doi.org/10.1016/j.amepre.2014.08.026
https://doi.org/10.1016/j.amepre.2014.08.026
http://www.ncbi.nlm.nih.gov/pubmed/25306397
https://doi.org/10.1016/j.amepre.2019.03.023
https://doi.org/10.1016/j.amepre.2019.03.023
http://www.ncbi.nlm.nih.gov/pubmed/31326007
https://doi.org/10.2105/AJPH.2018.304513
http://www.ncbi.nlm.nih.gov/pubmed/29927646
https://cspinet.org/resource/state-and-menu-labeling-policies
https://www1.nyc.gov/assets/doh/downloads/pdf/cardio/nsri-corporate-commitments.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/cardio/nsri-corporate-commitments.pdf
https://www1.nyc.gov/site/doh/health/health-topics/national-salt-reduction-initiative.page
https://www1.nyc.gov/site/doh/health/health-topics/national-salt-reduction-initiative.page
https://www.fda.gov/food/food-additives-petitions/final-determination-regarding-partially-hydrogenated-oils-removing-trans-fat
https://www.fda.gov/food/food-additives-petitions/final-determination-regarding-partially-hydrogenated-oils-removing-trans-fat
https://doi.org/10.1159/000345030
http://www.ncbi.nlm.nih.gov/pubmed/23711772
https://doi.org/10.1016/j.jand.2015.10.031
https://doi.org/10.1016/j.jand.2015.10.031
http://www.ncbi.nlm.nih.gov/pubmed/26718656
https://doi.org/10.1146/annurev-nutr-121415-112624
https://doi.org/10.1146/annurev-nutr-121415-112624
http://www.ncbi.nlm.nih.gov/pubmed/27431364
https://doi.org/10.1371/journal.pone.0228891

@ PLOS | O N E Calorie and nutrient trends in large U.S. chain restaurants, 2012-2018

30. Center for Science in the Public Interest. Calorie Counts on Chain Restaurant Menus Become Manda-
tory on Monday, Result of 15-Year-Long Campaign 2018. Available from: https://cspinet.org/news/
calorie-counts-chain-restaurant-menus-become-mandatory-monday-result-15-year-long-campaign.

31. Herrick K, Fryar C, Ahluwalia N, Hales C. Percentage of Youths Aged 2—-19 Years Consuming Any Fast
Food on a Given Day, by Race and Hispanic Origin-National Health and Nutrition Examination Survey,
2013-2016. Centers for Disease Control, Atlanta, GA 30333 USA; 2018.

32. Urban LE, McCrory MA, Dallal GE, Das SK, Saltzman E, Weber JL, et al. Accuracy of stated energy
contents of restaurant foods. JAMA. 2011; 306(3):287-93. https://doi.org/10.1001/jama.2011.993
PMID: 21771989

PLOS ONE | https://doi.org/10.1371/journal.pone.0228891  February 10, 2020 13/13


https://cspinet.org/news/calorie-counts-chain-restaurant-menus-become-mandatory-monday-result-15-year-long-campaign
https://cspinet.org/news/calorie-counts-chain-restaurant-menus-become-mandatory-monday-result-15-year-long-campaign
https://doi.org/10.1001/jama.2011.993
http://www.ncbi.nlm.nih.gov/pubmed/21771989
https://doi.org/10.1371/journal.pone.0228891

