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Abstract

Introduction: Menu calorie labeling has been implemented in food service businesses to
promote healthy food choices; however, evidence is limited on whether label use is associated
with healthier dietary intake. This study examined the association between menu calorie label use
and diet quality and whether it varied by weight status.

Methods: Adults in the National Health and Nutrition Examination Survey 2017-2018 who
visited restaurants were included. Menu calorie label use was categorized as did not notice labels,
noticed labels, and used labels. Diet quality was measured using the Healthy Eating Index 2015
(maximum score 100) by two 24-hour diet recalls. The association between menu calorie label use
and diet quality was examined using multiple linear regression and tested for effect modification
by weight status. Data were collected during 2017-2018 and analyzed during 2022-2023.

Results: Of 3,312 participants (representing 195,167,928 U.S. adults), 43% did not notice labels,
30% noticed labels, and 27% used labels. Using labels was associated with 4.0 points (95% ClI
2.2, 5.8) higher Healthy Eating Index 2015 scores than not noticing labels. Healthy Eating Index
2015 scores in those using labels were higher for adults with normal BMI (3.4 points; 95%
ClI=0.2, 6.7), overweight (6.5 points; 95% CI=3.6, 9.5), and obesity (3.0 points; 95% CI=1.0, 5.1)
(p-interaction=0.0004) than those who did not notice labels.
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Conclusions: Using menu calorie labels was associated with modestly healthier diet quality
than not noticing labels, regardless of weight status. This suggests that providing caloric
information may help some adults with food decisions.

INTRODUCTION

In the past three decades, Americans have increasingly consumed more meals outside

their homes, which now accounts for 34% of daily calorie intake.! During this time,
calorie-dense options and larger portion sizes have also become more common in the

U.S. food environment.2 Americans underestimate caloric content by a mean 110 calories
per restaurant food item,3 contributing to overconsumption of calories at restaurants and
increased obesity risk.* Mean energy intake by Americans is 3,682 calories per day,>® which
is higher than the federal daily recommendations of 1,600-2,400 calories for women and
2,000-3,000 calories for men.” With rising rates of overweight, obesity, and cardiometabolic
disease in the U.S.,8-12 behavioral interventions to improve food choices when dining out,
including nutrition information, portion size control, and social models,!3 have become a
public health priority.14

Menus with calorie labels displayed for each meal option are an increasingly common
public health strategy to support population-level weight control efforts. In 2018, the Patient
Protection and Affordable Care Act (ACA) mandated menu calorie labels for all menu items
paired with a daily recommended calorie intake statement (e.g., 2,000 calories a day is used
for general nutrition advice, but individual calorie needs vary) in chain restaurants across all
U.S. states.

Menu calorie labels have the potential to improve public health through multiple pathways,
including healthier food purchases by consumers and reformulations of unhealthy items by
chain restaurants. In a meta-analysis of 19 studies, menu calorie labeling was associated
with a mean decrease of 18.1 kilocalories purchased per meal.® In adults with obesity,

a small study found a 318 kilocalorie (26%) reduction in meal ordering with menu

calorie labels compared with other types of labels in a lab setting.1® However, studies

in real-world settings show mixed results, suggesting that menu calorie labels may, but
inconsistently, influence purchasing at full-service and coffee shop restaurants and largely
have no influence in fast-food restaurants.1”-1° One reason may be that many consumers do
not notice the labels; after city-wide calorie labels were mandated for chain restaurants in
New York City, 46% of those surveyed at fast-food restaurants in low-income communities
still did not notice them nor did their caloric purchases change after implementation.20
Government mandates for calorie labeling can also decrease caloric content of menu items
through reformulations by the restaurant chain.?1:22 A study of 57 large U.S. restaurant
chains found no reformulation of existing menu items but did find a reduction of 110
calories per new menu item (95% Cl=-208.6, —25.2) after implementation of the ACA
calorie label mandate.23

Nutrient density is also an important consideration in cardiometabolic disease prevention,24
and frequent consumption of meals away from home is associated with lower diet quality.
Recent evidence suggests that diet quality contributes to risk of obesity and may be even
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more influential than calorie restriction for weight loss.2526 Regardless, most of the prior
research on menu calorie labels focus on caloric quantity rather than diet quality.15:27-29
Menu calorie labels may guide individuals with overweight and obesity, who struggle with
excess dietary intake of foods with lower diet quality.3%:31 Having overweight/obesity is also
associated with increased use of calorie labels,32:33 highlighting their potential to improve
dietary choices in this population. However, little is known about whether menu calorie
labeling influences diet quality among adults with overweight or obesity. Using nationally
representative data, this study examined whether menu calorie label use is associated with
diet quality among U.S. adults and whether that association differs among individuals with
obesity, overweight, or normal BMI.

Study Population

Measures

The National Health and Nutrition Examination Survey (NHANES) is an annual,
cross-sectional study to assess the health and nutritional status of non-institutionalized
U.S. residents. Data collected during 2017-2018 in NHANES were used, including
questionnaires, body measurements, 24-hour dietary recalls, and the Consumer Behavior
Phone Follow-up Module (CBQPFA). NHANES participants completed interviewer-
administered questionnaires during a home visit and had anthropomorphic measurements
and a 24-hour dietary recall collected at the mobile examination center visit. Participants
later completed a telephone visit, with a second 24-hour dietary recall and the CBQPFA.
NHANES collected 24-hour dietary recalls using the Automated Multiple-Pass Method34
with a trained dietary interviewer. NHANES recruited participants using a complex,
multistage, probability design to create a nationally representative sample. Additional details
on NHANES methodology have been previously reported.3®

Study participants were adults aged from 18 to 79 years who reported buying food from

a restaurant in the past 12 months. Restaurant use data were obtained from the CBQPFA.
Individuals were excluded if they were underweight (BM1<18.5; /7=80); had implausible
dietary recall data (<500 or >5,000 total kilocalories for women and <500 or >8,000 total
kilocalories for men; 7=341); or had missing data on any covariates except family income or
certain comorbidities (/7=72; see Statistical Analysis section).

Participation in NHANES was voluntary, and all NHANES participants provided written
informed consent for both the home interview and health examination components during
the household visit.3® This secondary analysis using publicly available NHANES data was
considered not human research by the Northwestern University IRB.

The exposure was self-reported menu calorie label use at different types of restaurants
where participants purchased food and beverages (sit-down, fast-food, buffet, and coffee
shopljuice bar restaurants) within the past 12 months.36 The CBQPFA questionnaire asked
the following question about the last time food or beverages were purchased from that
site: Did you notice any calorie information on the menu? Responses of noin all settings
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were categorized as did not notice labels, which included individuals who visited restaurants
without calorie labeled menus and those who did not notice them (Appendix Figure 1). The
follow-up question to a yesresponse for each setting was Did you use the information in
deciding what to buy? Participants who answered yesin any setting were categorized as
used labels, which represented individuals who saw and used a menu calorie label in the
most recent restaurant visit. Those who answered rnoto the follow-up question in all settings
were categorized as noticed labels, which represented individuals who saw but did not used
a menu calorie label to inform their food choices in the most recent visit.

The primary outcome was diet quality, measured by the Healthy Eating Index 2015
(HEI-2015). The HEI-2015 has a maximum score of 100 points, with higher scores
indicating heathier diet quality, which is consistent with the 2015-2020 Dietary Guidelines
for Americans3" Differences of 5 points in HEI-2015 are considered clinically significant.38
Using a SAS macro for the Per Person Simple HEI-2015 Scoring Algorithm,39-41 HEI-2015
total and component scores were generated from the 2-day 24-hour dietary recalls of each
participant. Secondary outcomes were the HEI-2015 component scores (Total Fruits, Whole
Fruits, Total Vegetables, Greens and Beans, Whole Grains, Dairy, Total Protein Foods,
Seafood and Plant Proteins, Fatty Acids, Refined Grains, Sodium, Added Sugars, and
Saturated Fats). Raw HEI-2015 component maximum scores are either 5 or 10 depending
on the specific component; each component score was standardized to a range of 0 to

100 for comparability with total scores and across component scores. For most HEI-2015
components, a higher score represented greater intake, except for components of moderation
(Refined Grains, sodium, Added Sugars, and Saturated fats), for which a higher score
represented lower intake.

Weight status was treated as a potential effect modifier. Using the measured BMI of the
participants, weight status was categorized as normal BMI (18.5<BMI<25), overweight
(25=BMI<30), or obesity (BMI=30).

Statistical Analysis

Weighted percentages with standard errors were used for categorical variables and
weighted means with standard deviations for continuous variables to describe demographic,
socioeconomic, diet-related comorbidities, and health behavior data by label use and weight
status. Multiple linear regression was used to assess the difference in mean HEI-2015
between those who did not notice labels, those who noticed labels, and those who used
labels. Covariates included age (continuous; range, 18-80 years), sex (female or male),
education level (some high school or less, high-school diploma/associates degree/some
college, or 4-year college degree or higher), family income (<200% or >200% of the
federal poverty level), diet-related comorbidities, weight status, weight goal to control or
lose weight (yes or no), meals away from home over the past 7 days (continuous; range,
0-21), tobacco smoking in the past 5 days (yes or no), and recreational physical activity
(moderate-intensity—equivalent minutes per week). Self-reported high blood pressure,

high cholesterol, coronary heart disease, stroke, congestive heart failure, and prediabetes/
diabetes were categorized as diet-related comorbidities and analyzed as a count (0-6).42

In NHANES, participants reported the number of days per week and minutes per day
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that they were engaged in recreational moderate- or vigorous-intensity physical activity.
Following a previously validated approach, moderate-intensity—equivalent minutes per week
were calculated by multiplying frequency per week and duration per day for physical
activities, doubling vigorous-intensity minutes per week, and adding them to moderate-
intensity minutes per week.43:44

To determine whether overweight or obesity moderated the relationship between label use
and diet quality, an interaction term for label use and weight status was added, adjusting for
all covariates included in the primary model. Statistical significance of the interaction was
defined by a=0.05, with estimates to be generated within each subsample of weight status
if the interaction was statistically significant. Analyses were performed in 2022—-2023 using
SAS, version 9.4 and 2-day dietary recall weights to account for the complex survey design
of NHANES.

RESULTS

The final sample included 3,312 individuals, representing 195.2 million U.S. adults.
Weighted mean age was 46.4 (SD=1.1) years, and 49.5% were female. Among those

who self-reported using menu calorie labels (Table 1), females, participants with college
degrees or higher, and those with family incomes >200% of federal poverty level were more
highly represented than those who did not use labels and those who did not notice labels.
Diet-related comorbidities, especially hypertension, hyperlipidemia, and diabetes, were less
prevalent in those who used labels than in those who did not notice labels. Label use was not
different between participants with normal BMI, overweight, or obesity (Table 2).

In those who did not notice labels, the unadjusted mean HEI-2015 total score was 51.2
(SD=1.3). Among those who used menu calorie labels, HEI-2015 total scores were 4.0
points higher (95% CI 2.2, 5.8) than in those who did not notice labels. Those who

used labels had higher HEI-2015 component scores than those who did not notice labels

for whole fruits (adjusted difference=7.6; 95% CI=0.4, 14.8), total vegetables (adjusted
difference=7.1; 95% Cl=2.5, 11.8), greens and beans (adjusted difference=11.7; 95%
Cl=4.1, 19.3), total protein (adjusted difference=2.9; 95% CI1=0.1, 5.7), and seafood and
plant proteins (adjusted difference=8.6; 95% CI=3.4, 13.8). Among those who used labels,
all other HEI-2015 component scores aside from sodium were also higher than that of those
who did not notice labels, although the Cls contained the null value (Table 3). In those who
noticed labels, HEI-2015 total and components scores were not different from those who did
not notice labels, except for whole fruits (adjusted difference=7.3; 95% CI=1.9, 12.6) and
sodium (adjusted difference=3.8; 95% CI=0.2, 7.4).

When stratified by weight status, unadjusted mean HEI-2015 total scores for adults who did
not notice labels with normal BMI was 54.1 (SD=2.5), with overweight was 51.7 (SD=1.9),
and with obesity was 49.3 (SD=1.1). The interaction between label use and weight status
was significant (p=0.0004). In stratified analyses within subsamples of weight status, those
who used labels had higher HEI-2015 total scores than those who did not notice labels
regardless of whether they had normal BMI (adjusted difference=3.4; 95% C1=0.2, 6.7),
overweight (adjusted difference=6.5; 95% CI=3.6, 9.5), or obesity (adjusted difference=3.0;
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95% CI=1.0, 5.1). Those who noticed labels did not have different HEI-2015 total scores
compared with those who did not notice labels, regardless of weight status (Figure 1).

DISCUSSION

When purchasing food from restaurants, American adults who reported using menu calorie
labels had healthier overall diet quality than adults who did not notice any calorie labels,

as shown by modestly higher HEI-2015 scores. Specifically, individuals who reported using
labels had greater intake of fruits, vegetables, and healthy proteins. Individuals who used
menu calorie labels had higher diet quality than those who did not notice menu labels,
regardless of weight status. This suggests that calorie labeled menus may improve food
choices among individuals seeking lower-calorie menu selections. Adults who noticed but
did not use menu calorie labels reported similar diet quality as those who did not notice
labels, suggesting that calorie labels are beneficial only in those who actively use them to
guide decisions.

These findings suggested higher menu calorie label use nationally than prior studies. A prior
NHANES study found growing consumer use of menu calorie labels from 2007 to 2014,
with increases from 7.8% to 18.1% in fast-food restaurant visits and increases from 8.3%

to 13.6% in sit-down restaurant visits.4> In this study with data from 2017 to 2018, menu
calorie label use was higher at 27.3%, which may be related to increasing prevalence of
labels over time and expansion to additional restaurant settings like coffee shops and buffets.
Before activation of the ACA mandate, 71% of the top 90 restaurant chains in the U.S. had
partially or fully implemented labeling,® and after the mandate went into effect, this grew
to 94% among 197 top restaurant chains.*’ Menu calorie label use examined in Philadelphia
showed that individuals with obesity had similar to greater rates of label use as those with
normal weight.32 In this analysis, weight status was not correlated with the use of menu
calorie labels.

Although the rates of label use may be rising, >70% of adults continue to report not using

or noticing menu calorie labels. Possible explanations for this may be that some individuals
prioritize either taste or value over health in food ordering, believe they already know what
foods are calorie-dense, or find calorie labels difficult to use because of low healthy literacy
or numeracy.*849 Hence, complementary labeling approaches that address cognitive barriers
should be explored.

To address obesity, use of menu calorie labels should extend beyond decreasing calorie
quantity to increasing diet quality. Unlike most prior studies that focus on caloric quantity,
this study focused on the association between labels and diet quality. Increased label use
was associated with increased fruit and vegetable intake, even after adjusting for other
health-related behaviors correlated with diet quality. This suggests that menu labels may
improve general dietary intake, through both diet quality and calorie quantity. A prior
study demonstrated that menu calorie labels with a daily recommended calorie intake
statement decreased caloric consumption during and after a labeled meal compared with
no labels, suggesting that ACA-mandated menu calorie labels can have spillover effects
that improve dietary intake.5% A prior study found that implementation of menu calorie
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label laws was associated with a 1.5% decrease in BMI and 12% reduction in obesity risk

in participants surveyed by the Behavioral Risk Factor Surveillance System.®1 Population-
wide, the national menu calorie label law is projected to reduce risk of cardiometabolic
morbidity and mortality.52 These findings together demonstrate that the effects of menu
calorie labels, through improving diet quality and calorie intake, may prevent obesity and
chronic disease at the population level. As menu calorie labels become more prevalent in
the U.S. because of the ACA, elucidating the mechanisms through which calorie labels
influence individual's diet and extend their effects outside of labeled meals can help improve
their reach and effectiveness.

When stratified by weight status, menu calories labels were associated with higher diet
quality among those with normal BMI, overweight, or obesity. This suggests that individuals
with different weight statuses can benefit from menu calorie labels, which is important for
the prevention and mitigation of overweight and obesity. The fact that menu calorie labels
are reaching a subpopulation of adults regardless of weight status shows that they may have
arole in public health and chronic disease prevention.

This study has limitations. Because NHANES data are cross-sectional, associations from
this analysis may not be causal; that is, people who have higher dietary quality may be more
likely to take note of menu calorie labels. In addition, dietary recall data used to calculate
diet quality may not correspond to the same day as the exposure to the menu calorie label,
because it does not capture time lags between when participants were exposed to labels

and when diet quality was measured. The method of assessing menu calorie label exposure
in the most recent visit does not differentiate a participant visiting a restaurant that does

not have menu calorie labels from a participant who does not notice labels when they are
present nor does it capture an individual's typical exposure to menu calorie labels, leading
to potential misclassification that could bias results toward the null. Dietary recall data also
has inherent bias, including under-reporting of unhealthy dietary components among adults
with overweight and obesity.>3 Dietary comorbidities may have been underestimated owing
to missing data, partly because of NHANES asking for certain comorbidities only for adults
aged =20 years. Lastly, there is likely residual confounding in the relationship between menu
calorie label use and diet quality, although the analysis adjusted for important demographic,
socioeconomic, behavioral, and medical characteristics that are all related to diet quality.

CONCLUSIONS

Americans eat one in three meals outside the home, creating a growing opportunity to offer
guidance on healthier food choices at restaurants to enhance public health. U.S. adults who
noticed menu calorie labels in restaurants reported healthier diet quality than those who
were unexposed to or did not notice calorie labels, after adjusting for sociodemographic
and medical factors and health behaviors. This difference was driven by an increased intake
of healthy dietary components, particularly fruits, vegetables, and healthy proteins. This
association was robust regardless of weight status, suggesting that menu calorie labels may
be an acceptable strategy to help some adults make behavioral changes. To maximize the
utility of these point-of-purchase labels, further research should focus on why individuals
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notice or use calorie labels and which types of menu labels are effective for those who are
most vulnerable to weight gain.

Supplementary Material
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Adjusted differences in Healthy Eating Index 2015 scores with 95% Cls in noticed labels
group and used labels group compared with those who did not notice labels by weight status
Note: Models were adjusted for age, sex, education, family income level, total diet-related
comorbidities, smoking, and recreational physical activity. Unadjusted mean HEI-2015
scores in those who did not notice labels were as follows: All 51.3 (SD=1.4), normal BMI
54.1 (SD=2.5), overweight 51.7 (SD=1.9), and obesity 49.3 (SD=1.1).

HEI-2015, Healthy Eating Index 2015.
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Participant Characteristics of 3,312 Participants Representing 195,167,928 U.S. Adults by Label Use

Characteristics

Did not notice labels,
weighted % (SE)
(n=1,591; 42.5%)

Noticed labels, weighted %
(SE) (n=930; 30.3%)

Used labels, weighted %
(SE) (n=791; 27.2%)

Age, in years, mean (SD)
Female
Race/ethnicity
Asian
Black
Hispanic
Multiracial/additional
White
Education
Some HS or lower
HS diploma, AA/AS degree, or some college
>4-year college degree
Family income
<200% FPL
>200% FPL
Missing data
Diet-related comorbidities
Hypertension
Hyperlipidemia
Diabetes
Prediabetes
Coronary artery disease
Congestive heart failure
Stroke
Controlling or losing weight
Meals away from home over past 7 days, mean (SD)
Recent tobacco smoking

Recreational physical activity, MIEMs/week, mean (SD)

49.6 (1.2)
46.9 (1.8)

5.2 (1.0)
12.1(1.7)
17.6 (2.1)
4.1 (05)
61.0 (3.1)

15.8 (1.3)
58.6 (2.9)
25.6 (2.9)

35.7 (2.3)
535 (2.7)
10.8 (1.2)

35.6 (2.9)
36.4 (2.0)
14.8 (1.6)
12.0 (2.1)
3.6 (0.6)
23(05)
3.6(0.6)
60.7 (2.2)
33(04)
222 (2.0)
234 (52)

417 (1.5)
46.2 (3.0)

51(12)
11.3 (2.0)
14.0 (2.8)
49(11)
64.7 (4.1)

8.4 (0.7)
62.5 (3.4)
29.1 (3.4)

26.2 (2.1)
67.3 (2.8)
6.4 (1.8)

29.9 (2.3)
26.2 (2.5)
10.5 (1.2)
9.7 (L1)
3.2(0.6)
1.1(0.4)
2.7(0.5)
61.8 (2.2)
39(03)
21.1(2.7)
234 (39)

42.9 (1.6)
57.3 (2.4)

5.9 (L5)
10.6 (2.0)
16.7 (2.6)
4.0(0.9)
62.9 (3.8)

8.0 (1.2)
46.7 (4.3)
45.2 (5.2)

19.0 (1.7)
73.1(2.2)
7.9 (L6)

271.3(3.2)
30.1(2.5)
7.7 (1.0)
12.1(1.9)
3.2(0.8)
1.6 (0.5)
2.7 (0.5)
80.3 (2.0)
42(0.4)
12.2 (1.4)
389 (60)

AA, Associate of Arts; AS, Associate of Science; FPL, federal poverty level; HS, high school; MIEM, moderate-intensity—equivalent minute; SE,

standard error.
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Participant Characteristics of 3,312 Participants Representing 195,167,928 U.S. Adults by Weight Status

Characteristics

Normal BM1, Weighted %
(SE) (n=848; 26.3%)

Overweight, weighted %
(SE) (n=976; 29.0%)

Obese, weighted % (SE)
(n=1,488; 44.7%)

Age, in years, mean (SD)
Female
Race/ethnicity
Asian
Black
Hispanic
Multiracial/additional
White
Education
Some HS or lower
HS diploma, AA/AS degree, or some college
Four-year college degree or higher
Family income
<200% FPL
>200% FPL
Missing data
Diet-related comorbidities
Hypertension
Hyperlipidemia
Diabetes
Prediabetes
Coronary artery disease
Congestive heart failure
Stroke
Controlling or losing weight
Meals away from home over past 7 days, mean (SD)
Recent tobacco smoking

Recreational physical activity, MIEMs/week, mean
(SD)

Label use
Did not notice labels
Noticed labels
Used labels

40.6 (1.9)
56.1 (3.2)

8.5 (1.6)
10.2 (1.5)
11.4 (1.7)
37(0.7)
66.2 (2.9)

145 (1.7)
482 (3.6)
37.3 (4.5)

27.6 (2.3)
614 (2.7)
11.0 (1.8)

14.4 (2.3)
23.1(2.5)
46(0.8)
4.1(0.9)
21(0.7)
03(0.2)
2.0 (0.6)
46.1 (2.6)
3.8(0.6)
20.0 (2.4)
318 (71)

437 (3.3)
312 (2.5)
25.1 (3.0)

48.0 (1.9)
459 (2.9)

7.4(15)
9.6 (L.9)
18.8 (2.7)
43(11)
59.9 (4.6)

10.1 (1.5)
52.1 (3.1)
37.8(3.2)

25.3 (2.6)
66.2 (2.6)
8.5 (1.5)

30.0 (2.2)
33.8(2.5)
9.6 (1.0)
12,5 (2.4)
33(0.7)
1.0 (0.3)
22(0.7)
68.1 (2.6)
3.7(05)
17.8 (1.5)
289 (36)

412 (1.7)
29.8 (3.2)
29.0 (2.3)

46.6 (1.4)
48.0(2.2)

22(0.4)
134 (2.2)
175 (2.2)
43(11)
59.9 (4.6)

10.6 (0.8)
64.4 (2.6)
25.1 (2.5)

30.7 (1.6)
61.9 (2.4)
7.4(12)

412 (2.9)
33.4(2.0)
16.5 (1.4)
14.7 (1.7)
41(0.8)
3.0(0.4)
42(0.9)
77.1(1.7)
3.7(0.3)
19.6 (1.4)
243 (46)

42.7 (1.7)
30.1(1.8)
27.2 (2.6)

AA, Associate of Arts; AS, Associate of Science; FPL, federal poverty level; HS, high school; MIEM, moderate-intensity—equivalent minute.
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Table 3.
Crude and Adjusted Odds Ratios of the Association Between Menu Calorie Label Use and Healthy Eating
Index 2015 Scores
Did not notice Noticed labels Used labels
labels (ref)

Outcomes Adjusted® Adjusted®
Unadjusted Crudedifference difference Crudedifference difference
mean (SD) (95% CI) (95% CI) (95% CI) (95% CI)

Total HEI-2015  51.2(49.8,52.7)  -0.3(-25,2.0) 0.6 (-1.4,26) 4726 6.7)0 4022 58

Total fruits ~ 41.4 (37.4,45.4) 0.4 (-5.8, 6.6) 3.0 (-2.4, 8.4) 4.7 (-1.5,11.0) 4.3(-1.0,95)
Whole fruits ~ 44.1(39.1,49.0)  42(-21,105)  73(1.9,126)Y  92(13,170)Y  7.6(0.4,14.8)0
Total veg 62.5(59.7,65.4) —3.7(-86,1.1) -33(-83,18) 98(52 1440  71(25 1180
Greenslbeans ~ 37.9(325,433) -55(-14.1,32) -54(-139,32) 151 (76 226)) 11.7(41,19.3)0
Whole grains ~ 26.6 (23.1,30.1)  -1.4(-46,17)  0.3(-3.4,3.9) 5.5 (0.0, 11.0) 4.4(-0.6,9.4)
Dairy 49.1(46.2,52.1)  2.3(-1.6,6.3) 0.8 (3.2, 4.8) 2.1(-18,6.0) 0.5 (-3.4, 4.3)
Total protein ~ 89.7 (87.9,91.6) 0.4 (-1.6, 2.3) 0.6 (-1.0,2.2) 2.8(-0.1,5.6) 29(01,57)b
Seafood/plant  54.1 (49.5, 58.7) 14(-43,7.2) 2.2(-3.7,81) 11.3 (6.7, 15.8)b 8.6 (3.4, 13.8)1’
proteins
Fatty acids ~ 46.1(43.1,49.2)  0.8(-4.4,6.1) 1.1(-38,6.1) 5.2 (1.6,8.7)0 4.2(-0.1,85)
Refined grains ~ 61.3 (56.7,66.0) -1.6(-7.5,4.3)  -0.1(-6.8,6.5) 42(-2.9,11.3)  52(-2.4,129)
Sodium 42.7(39.7,457) 0.5 (-3.3,4.3) 38(02,740  -63(-113 -12)0 ~26(-7.6,23)
Added sugars ~ 69.2 (66.3,72.0) -17(-5.0,17)  -2.6 (-5.6,0.5) 80 (24,1370 51(-0.2,105)
Saturated fats  52.6 (48.4,56.7)  -0.2(-6.0,5.6) 0.4 (-4.8,5.6) 15 (-4.4,7.4) 1.8(-3.9,7.5)

a, . . - . . . .
Adjusted for age, sex, education, family income level, total diet-related comorbidities, weight goals, weight status, meals away from home,

smoking, and recreational physical activity.

b .. .
indicates 95% Cls that do not contain the null value.

HEI-2015, Health Eating Index 2015

Am J Prev Med. Author manuscript; available in PMC 2024 December 01.




	Abstract
	INTRODUCTION
	METHODS
	Study Population
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.

