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IMPORTANCE Changes in the economy, nutrition policies, and food processing methods can

affect dietary macronutrient intake and diet quality. It is essential to evaluate trends in dietary

intake, food sources, and diet quality to inform policy makers.

OBJECTIVE To investigate trends in dietary macronutrient intake, food sources, and diet

quality among US adults.

DESIGN, SETTING, AND PARTICIPANTS Serial cross-sectional analysis of the US nationally

representative 24-hour dietary recall data from 9 National Health and Nutrition Examination

Survey cycles (1999-2016) among adults aged 20 years or older.

EXPOSURE Survey cycle.

MAIN OUTCOMES ANDMEASURES Dietary intake ofmacronutrients and their subtypes, food

sources, and the Healthy Eating Index 2015 (range, 0-100; higher scores indicate better diet

quality; a minimal clinically important difference has not been defined).

RESULTS There were 43 996 respondents (weightedmean age, 46.9 years; 51.9%women).

From 1999 to 2016, the estimated energy from total carbohydrates declined from 52.5% to

50.5% (difference, −2.02%; 95% CI, −2.41% to −1.63%), whereas that of total protein and

total fat increased from 15.5% to 16.4% (difference, 0.82%; 95% CI, 0.67%-0.97%) and from

32.0% to 33.2% (difference, 1.20%; 95% CI, 0.84%-1.55%), respectively (all P < .001 for

trend). Estimated energy from low-quality carbohydrates decreased by 3.25% (95% CI,

2.74%-3.75%; P < .001 for trend) from 45.1% to 41.8%. Increases were observed in estimated

energy from high-quality carbohydrates (by 1.23% [95% CI, 0.84%-1.61%] from 7.42% to

8.65%), plant protein (by 0.38% [95% CI, 0.28%-0.49%] from 5.38% to 5.76%), saturated

fatty acids (by 0.36% [95% CI, 0.20%-0.51%] from 11.5% to 11.9%), and polyunsaturated

fatty acids (by 0.65% [95% CI, 0.56%-0.74%] from 7.58% to 8.23%) (all P < .001 for trend).

The estimated overall Healthy Eating Index 2015 increased from 55.7 to 57.7 (difference, 2.01;

95% CI, 0.86-3.16; P < .001 for trend). Trends in high- and low-quality carbohydrates

primarily reflected higher estimated energy fromwhole grains (0.65%) and reduced

estimated energy from added sugars (−2.00%), respectively. Trends in plant protein were

predominantly due to higher estimated intake of whole grains (0.12%) and nuts (0.09%).

CONCLUSIONS AND RELEVANCE From 1999 to 2016, US adults experienced a significant

decrease in percentage of energy intake from low-quality carbohydrates and significant

increases in percentage of energy intake from high-quality carbohydrates, plant protein, and

polyunsaturated fat. Despite improvements in macronutrient composition and diet quality,

continued high intake of low-quality carbohydrates and saturated fat remained.

JAMA. 2019;322(12):1178-1187. doi:10.1001/jama.2019.13771

Editorial page 1150

Supplemental content

CMEQuiz at

jamanetwork.com/learning

and CMEQuestions page 1208

Author Affiliations:Author

affiliations are listed at the end of this

article.

Corresponding Authors: Zhilei

Shan, MD, PhD, Department of

Nutrition, Harvard T. H. Chan School

of Public Health, 665 Huntington

Ave, Boston, MA 02115 (zshan@hsph.

harvard.edu); Fang Fang Zhang, MD,

PhD, Friedman School of Nutrition

Science and Policy, Tufts University,

150 Harrison Ave, Boston, MA 02111

(fang_fang.zhang@tufts.edu).

Research

JAMA | Original Investigation

1178 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.13771&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.13771
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.13976&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.13771
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.13771&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.13771
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jama.2019.13771/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.13771
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jama.2019.13771/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.13771
mailto:zshan@hsph.harvard.edu
mailto:zshan@hsph.harvard.edu
mailto:fang_fang.zhang@tufts.edu
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.13771


U
nhealthy diet is a major risk factor for noncommuni-

cable diseases globally, including type 2 diabetes

mellitus, cardiovascular disease, and certain types

of cancer.1-3 In the United States, poor diet was estimated to

be the leading cause of death and the third leading cause of

disability-adjusted life-year loss.4 Consequently, evaluation

of overall population trends in diet is important to identify-

ing challenges and opportunities for improving the diet of

all US adults.

The calorie demands of the human body are mainly sup-

plied by 3 dietary macronutrients: carbohydrate, fat, and

protein.5Aswithin-person variation in energy intake is small

over extendedperiods, increases in consumptionof onemac-

ronutrient often leads to decreases in another. In addition to

thequantity, the food sources and typesofmacronutrients are

also important in understanding their associations with dis-

ease risks.6-10Changes in the economy, nutrition-relatedpoli-

cies, and foodprocessingmethods can affect themacronutri-

ent composition and diet quality at the population level.

However, evidence is still limited in trends of macronutrient

composition, their subtypes, and food sources.11-13

This reportdescribesdata from9consecutive cyclesof the

NationalHealth andNutritionExaminationSurvey (NHANES)

toexamine trends indietarymacronutrients intake,major food

sources of carbohydrate andprotein, andoverall dietary qual-

ity among US adults from 1999 to 2016.

Methods

Study Design and Population

TheNHANESstudyprotocolwasapprovedby the researcheth-

ics review board of the National Center for Health Statistics

(NCHS) of theCenters forDiseaseControl andPrevention, and

all participants providedwritten informed consent. NHANES

hasbeenanationally representativecross-sectional studysince

1999, conducted by the NCHS, that obtains information on

health andnutritional status of thenoninstitutionalized civil-

ian population in the United States.14 The study design, pro-

tocol, and data collection methods have been reported.15 In-

formation on race/ethnicity was self-reported by NHANES

participants via standardizedquestionnaires according to cat-

egories provided by the NCHS (non-Hispanic white, non-

Hispanic black,Mexican American, other Hispanic, or other).

Mexican American and other Hispanic groups were com-

bined to create theHispanic group. This informationwas col-

lected to report changes inmacronutrient intakeanddietqual-

ity by race/ethnicity.

For these analyses, the study population included

adults aged 20 years or older who completed at least 1 valid

dietary recall during the 9 cycles of NHANES from 1999-

2000 through 2015-2016. A diet recall was considered valid

when all relevant variables associated with the diet recall

contained a value.16

Assessment of Food Groups and Nutrients

InNHANES,dietwasassessedusing24-hour recalls.From1999

to 2002, one 24-hour dietary recall was conducted in person

in theNHANESMobileExaminationCenter.Beginning in2003,

a second 24-hour recall was administered by a telephone in-

terview approximately 3 to 10 days after the first recall.17 The

4-step “multiple-pass method” was used between 1999 and

2001, and the 5-step “automatedmultiple-passmethod”was

introduced beginning in 2002. The multiple-pass method is

designed toenhance complete andaccurate food recall and re-

duce respondent burden. The multiple-pass method in-

cluded collecting a self-reported food list, probing for foods

forgotten, collectingdetails of foods, and final probing for any

other foods.18A standard set ofmeasuring guides (eg, rectan-

gular grid,measuring cups and spoons, and bowls)were used

to help the respondent report the volume and dimensions of

food items consumed.19 All foods and beverages consumed

during the previous 24hours (midnight tomidnight)were re-

corded.Thedietary samplingweightswereused toaccount for

the complex study design (eg, oversampling of minorities),

missing dietary data, and poststratification.20

To assess intake of major foods groups, the same defini-

tions were used for the same food groups in the US Depart-

ment of Agriculture (USDA) Food Patterns Equivalents Data-

base and MyPyramid Equivalents Database across different

survey cycles. Nutrients were estimated based on cycle-

specific versions of theUSDAFoodandNutritionDatabase for

Dietary Studies.Amultiple-stepprocesswasdevelopedbased

on methods previously used to estimate protein sources in

NHANES.21Theprocess includedestimation for foods that con-

tained ingredients totally assigned to specific sources, esti-

mation for the other foods, and summing the amount of pro-

tein and carbohydrate from each source in all foods (see

eAppendix in the Supplement). Food sources of fat were not

investigated because they are similar to protein food sources,

and existing evidence on fat is mostly based on types of fatty

acids rather than on particular food sources.6

Outcomes

Theprimaryoutcomeswereenergy intake fromthemajormac-

ronutrients and their subtypes, food sources of carbohydrate

andprotein, andoverall diet quality as assessedby theHealthy

Eating Index (HEI) 2015. The subtypes of macronutrients in-

cludedhigh- and low-quality carbohydrates, animal andplant

Key Points

Question What were the trends in carbohydrate, fat, and protein

intake among US adults from 1999 to 2016?

Findings In this nationally representative serial cross-sectional

study that included 43 996 adults, there were decreases in

low-quality carbohydrates (primarily added sugar) and increases in

high-quality carbohydrates (primarily whole grains), plant protein

(primarily whole grains and nuts), and polyunsaturated fat.

However, 42% of energy intake was still derived from low-quality

carbohydrates and the intake of saturated fat remained above

10% of energy.

Meaning Themacronutrient composition of diet among US adults

has improved, but continued high intake of low-quality

carbohydrates and saturated fat remain.
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protein, saturatedfattyacids,monounsaturatedfattyacids,and

polyunsaturated fatty acids. Food sources constituting these

subtypes are shown in eTable 1 in the Supplement.

Diet quality was assessed using the HEI-2015, which

measures adherence to key recommendations in the 2015-

2020 Dietary Guidelines for Americans.22 The foods and

nutrients were represented on a density basis as amounts per

1000 kcal. The 9 adequacy components included total fruit,

whole fruit, total vegetables, greens and beans, whole grains,

dairy, total protein foods, seafood and plant protein, and

fatty acids. The 4 moderation components included refined

grains, sodium, percentage of energy from added sugars, and

percentage of energy from saturated fatty acids. The scoring

method is described in eTable 2 in the Supplement. The total

HEI-2015 score ranges from 0 (nonadherence) to 100 (perfect

adherence). No minimal clinically important difference has

been defined for the HEI-2015.

Secondary outcomes were trends in intakes of macronu-

trients and diet quality by major population subgroups, in-

cluding age, sex, race/ethnicity, education, and income level.

Statistical Analysis

All analyses incorporated the dietary sample weights, stratifi-

cation, and clustering of the complex sampling design to

ensure nationally representative estimates. To correct for

measurement error, the absolute intakes of nutrients in

grams per day were adjusted for total energy intake to

2000 kcal/d using the residual method to minimize measure-

ment error in dietary estimates.23 Additionally, the National

Cancer Institute (NCI) method was applied to estimate the

usual intake and distribution for all nutrients and food

groups (eAppendix in the Supplement). The NCI method is

preferred for estimating usual intake distribution from

24-hour diet recalls.24 Percentage of energy of a nutrient was

computed as proportion of energy from the nutrient over

total energy intake. For instance, for total carbohydrate, per-

centage of energy = (total carbohydrate [g] × 4 [kcal/g])/total

energy intake (kcal) × 100. Total energy intake was estimated

as the sum of energy from protein, carbohydrates, and fat.

Weighted means and 95% confidence intervals were esti-

mated for dietary macronutrients and the HEI-2015 by cycle.

General linear regression was used to estimate trends by

treating 2-year survey cycle as a continuous variable. Abso-

lute differences in estimated means were calculated between

1999-2000 and 2015-2016 cycles. Because NHANES started

collecting 2 dietary recalls with the 2003-2004 cycle, in sen-

sitivity analyses, the absolute difference was calculated

between the 2003-2004 and 2015-2016 cycles. Similar analy-

ses were conducted using the estimates of energy-adjusted

absolute intake in grams per day among the overall popula-

tion. To evaluate potential differences in trends by popula-

tion subgroups (age, sex, race/ethnicity, education, and

income), a survey-weighted Wald F statistic was used to test

for an interaction between 2-year survey cycle and demo-

graphic subgroups, and statistical significance was set at

P = .001 (.05/5 [subgroups] × 9 [nutrients and diet quality]).

To determine the degree to which observed trends were due

to demographic shifts, additional analyses were performed

adjusting for sociodemographic characteristics. Participants

with missing data on education and income were excluded in

the corresponding subgroup analyses and multivariable

analysis. All data were analyzed using SAS version 9.4 (SAS

Institute Inc), and statistical significance was set at a 2-tailed

P < .05 for all primary analyses. Because of the potential for

type I error due to multiple comparisons, findings for the pri-

mary and secondary outcomes not corrected for multiple

comparisons should be interpreted as exploratory.

Results

Participant Characteristics

Between 1999and2016, 88.9% (44013/49512) of theNHANES

respondentsaged20yearsorolderprovidedasingledietary re-

call. Of these, 70.2% (30894/44013) provided a second recall.

Participants with invalid diet recalls (n = 17) were excluded.

A total of 43 996 US adults (weighted mean age, 46.9

years [SE, 0.19 years]; n = 22 796 [51.9%] women) were

included in these analyses. From 1999 to 2016, the propor-

tion of older adults (aged ≥65 years) increased from 18.0% to

21.1%, while the proportion of younger adults (aged 20-34

years) decreased from 30.0% to 27.8% (Table 1). The propor-

tion who were non-Hispanic white declined from 69.8% to

64.4%, whereas the percentage of other races/ethnicities

increased from 4.6% to 9.6%. The proportion of respondents

with at least some college education increased from 49.1%

to 65.3%.

Total and Subtypes of Carbohydrate, Protein, and Fat Intake

From 1999 to 2016, the estimated percentage of energy

intake from total carbohydrates declined from 52.5% to

50.5% (difference, −2.02%; 95% CI, −2.41% to −1.63%;

P < .001 for trend) (Figure 1 and eTable 3 in the Supplement).

The estimated percentage of energy from high-quality carbo-

hydrates increased from 7.42% to 8.65% (difference, 1.23%;

95% CI, 0.84%-1.61%; P < .001 for trend), whereas that from

low-quality carbohydrates decreased from 45.1% to 41.8%

(difference, −3.25%; 95% CI, −3.75% to −2.74%; P < .001 for

trend) (Figure 2 and eTable 3). The estimated percentage of

energy from total protein increased from 15.5% to 16.4% (dif-

ference, 0.82%; 95% CI, 0.67%-0.97%; P < .001 for trend)

and that from total fat increased from 32.0% to 33.2% (differ-

ence, 1.20%; 95% CI, 0.84%-1.55%; P < .001 for trend). The

increases in the estimated total protein energy intake were

associated with increases in estimated intake from both ani-

mal protein (from 10.2% to 10.6%; difference, 0.44%; 95% CI,

0.33%-0.54; P < .001 for trend) and plant protein (from

5.38% to 5.76%; difference, 0.38%; 95% CI, 0.28%-0.49%;

P < .001 for trend). The increases in the estimated intake of

total fat were associated with increases in estimated energy

intake from saturated fatty acids (from 11.5% to 11.9%; differ-

ence, 0.36%; 95% CI, 0.20%-0.51%; P < .001 for trend),

monounsaturated fatty acids (from 12.9% to 13.1%; differ-

ence, 0.19%; 95% CI, 0.03%-0.36%; P < .001 for trend), and

polyunsaturated fatty acids (from 7.58% to 8.23%; difference,

0.65%; 95% CI, 0.56%-0.74%; P < .001 for trend). Similar
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trends were observed when the macronutrients were evalu-

ated by energy-adjusted absolute intake in grams per day

(eTable 3 in the Supplement) and when trends were exam-

ined from 2003 to 2016 (eTable 4 in the Supplement). After

excluding 3624 participants with missing data on education

and income, adjusting for changes in the sociodemographic

characteristics over time did not alter the results (eTable 5 in

the Supplement).

Carbohydrate and Protein Intake by Food Sources

From 1999 to 2016, increases in the estimated percentage of

energy intake from high-quality carbohydrates were associ-

ated with increases in estimated carbohydrate intake from

whole grains (from 2.00% to 2.65%; difference, 0.65%; 95%

CI, 0.50%-0.79%; P < .001 for trend) and whole fruit (from

2.87% to 3.21%; difference, 0.34%; 95% CI, 0.13%-0.55%;

P = .002 for trend) (Table 2). Thedeclines in theestimateden-

ergy intake from low-quality carbohydrates were associated

with decreases in estimated carbohydrate intake from added

sugar (from 16.4% to 14.4%; difference, −2.00%; 95% CI,

−2.68%to−1.33%;P < .001 for trend)andfruit juice (from3.93%

to 2.81%; difference, −1.12%; 95% CI, −1.39% to −0.84%;

P < .001 for trend). The increases in the estimated energy in-

take fromanimal proteinwere associatedwith increases in es-

timated protein intake derived from poultry (from 2.38% to

2.54%; difference, 0.15%; 95% CI, 0.07%-0.24%; P < .001 for

trend) andeggs (from0.70%to0.80%;difference,0.10%;95%

CI, 0.08%-0.13%; P < .001 for trend). The increases in esti-

mated energy intake fromplant proteinwere associatedwith

increases in estimatedprotein intake fromwhole grains (from

0.38% to 0.50%; difference, 0.12%; 95% CI, 0.09%-0.15%;

P < .001 for trend), nuts (from 0.36% to 0.45%; difference,

0.09%;95%CI,0.05%-0.13%;P < .001 for trend), andsoy (from

0.12% to 0.19%; difference, 0.07%; 95% CI, 0.04%-0.10%;

P < .001 for trend). Similar trendswere found in evaluationof

food sources by energy-adjusted absolute intake in grams per

day (eTable 6 in the Supplement).

Healthy Eating Index 2015

From 1999 to 2016, the estimated mean of the HEI-2015 in-

creased from 55.7 to 57.7 (difference, 2.01; 95% CI, 0.86-3.16;

P < .001 for trend) (Table 3). The largest increase in the esti-

mated component scoreswas observed for added sugar (from

5.68 to 6.84; difference, 1.17; 95% CI, 0.88-1.45; P < .001 for

trend), indicating reduced consumption of sugar. The largest

decrease was observed for sodium (from 4.39 to 3.83; differ-

ence, −0.56; 95% CI, −0.72 to −0.39; P< .001 for trend), cor-

responding to increased sodium consumption. No statisti-

cally significant trends were observed for component scores

for fruit, dairy, and refined grains.

Trends in Population Subgroups

Participants with missing data on education (n = 53) and in-

come (n = 3571) were excluded in the corresponding sub-

group analyses. Between 1999 and 2016, there were signifi-

cant declines in estimated percentage of energy intake from

low-quality carbohydrates and increases inestimatedpercent-

age of energy intake from high-quality carbohydrates, plant

andanimal protein, andpolyunsaturated fatty acids across all

population subgroups (P < .05 for trend for all) (eTables 7-9 in

the Supplement). Greater changes in low-quality carbohy-

drates and polyunsaturated fatty acidswere observed among

younger vs older individuals and among those with a higher

vs lower level of education or income (P < .001 for interac-

tion for all). For example, changes in estimated percentage of

energy from low-quality carbohydrates and polyunsaturated

fatty acids were greater among individuals with the highest

level of income (−3.89%[95%CI, −4.67%to−3.11%] and0.76%

[95%CI, 0.57%-0.95%], respectively) than among thosewith

the lowest level of income (−2.46%[95%CI, −3.11% to−1.82%]

and0.49% [95%CI, 0.35%-0.63%], respectively) (P < .001 for

interaction for all). For the HEI-2015, greater increases in es-

timated total scorewere observed amongyounger vs older in-

dividuals and among those with a higher vs lower level of in-

come (P < .001 for interaction for all) (eTable 10 in the

Supplement).

Discussion

From1999 to2016, themacronutrient compositionof thediet

of US adults improved, with declines in low-quality carbohy-

drates (primarily added sugar) and increases in high-quality

carbohydrates (primarilywhole grains), plantprotein (primar-

ily whole grains and nuts), and polyunsaturated fatty acids,

accompanied by improvements in overall diet quality as as-

sessed by the HEI-2015. However, proportions of energy in-

takefromlow-qualitycarbohydrates remainedhigh,whilesatu-

rated fat intake remained above the recommended level.

The decreasing trend in total carbohydrate intake (from

52% to 50%of energy) and increasing trend in total fat intake

(from32%to33%) in thepast 18yearspartly reversedthetrends

observedbetween1971and2000,whentheenergy intake from

Figure 1. Trends in Estimated Percentage of Energy Intake From

Total Carbohydrates, Protein, and Fat Among US Adults Aged 20 Years

or Older by NHANES Survey Cycle From 1999-2000 to 2015-2016
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carbohydrates increased from42%-45%to49%-52%while in-

take from total fat decreased from36%-37% to 32%.12,13These

opposing trends could be due to dietary guidelines prior to

2000 that recommended low-fat diets,25 which was associ-

atedwith decreased intake of total fat and increased intake of

refined grains and added sugar. After 2000, shifts in scien-

tific evidence and dietary guidelines promoted health ben-

efits of healthy fats andplant sourcesof protein and theharms

of low-quality carbohydrates.26,27At the same time, the grow-

ing popularity of specific diet patterns such as Atkins, paleo,

low-carbohydrate, and vegan/vegetarian dietsmayhave con-

tributed to changes in recent trends.

Several improvements inmacronutrient composition and

dietqualitywere identified.From1999to2016, consistentwith

concurrent dietary guidance, US adults decreased intake of

addedsugarand increasedconsumptionofwholegrains,poul-

try, and nuts.26,27 The overall diet quality asmeasured by the

HEI-2015 improved as well, consistent with previous studies

evaluating other diet quality scores such as the Alternative

Healthy Eating Index 2010 and the American Heart Associa-

tion Diet Score.28,29 However, the improvement in the HEI-

2015was small inmagnitude and of uncertain clinical impor-

tance. Despite observed improvements, important dietary

challenges remained. First, US adults still consumedadispro-

portionally high energy intake from low-quality carbohy-

drates. The majority of the low-quality carbohydrate energy

intake represented carbohydrates from refined grains, fruit

juice, and potatoes (21.2% of intake), followed by added sug-

ars in foods and beverages (14.4% of intake). Second, protein

intake was mostly derived from animal foods such as unpro-

cessed redmeat and processedmeat, whereas protein intake

fromseafoodandplant sources suchaswholegrains,nuts, and

legumes remained a much smaller percentage of energy in-

take. Previous studies showed that red meat and processed

meatwereassociatedwithpoorerhealthoutcomes.9,30,31Third,

saturated fat intake remainedabove theDietaryGuidelines for

Americans recommended level of 10% of energy intake.26

Fourth, US adults with low income and educational attain-

ment experienced a smaller improvement in macronutrient

compositionanddidnot improve theoverall diet quality in the

past 18 years. Further interventions should focus onminimiz-

ing these differences.

This study’s strengths included use of themost recent di-

etary data from NHANES, thereby facilitating evaluation of

trends in the past 18 years, investigation of the trends ofmac-

ronutrients by quality and food sources, and examination of

potential differences by sociodemographic subgroups.

Limitations

This study has several limitations. First, self-reported dietary

24-hour recall data are subject to measurement error due to

large day-to-day variations in food intake. However, the NCI

method was applied to reduce measurement error and

improve estimates of usual intake. Second, changes in

dietary databases and dietary assessment methods over the

study period may affect estimated trends in macronutrient

intake. Still, the same protocols were followed to derive each

macronutrient from different foods across all cycles. The sen-

sitivity analyses restricted to cycles using the same dietary

database and assessment method showed results similar to

Figure 2. Trends in Estimated Percentage of Energy Intake From

Subtypes of Carbohydrates, Protein, and Fat Among US Adults Aged 20

Years or Older by NHANES Survey Cycle From 1999-2000 to 2015-2016
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the main analyses. Third, a multiple-step process was devel-

oped to estimate food sources of protein and carbohydrate,

but this method requires further replication and validation.

Fourth, the cross-sectional nature of the NHANES survey

precluded conclusions on how demographic shifts contrib-

uted to these trends. Fifth, participants with missing data

on education or income were excluded, which may affect

the generalizability of these findings. Sixth, no data were

available on associations of these dietary changes with

population outcomes.

Conclusions

From 1999 to 2016, US adults experienced a significant de-

crease in percentage of energy intake from low-quality carbo-

hydrates and significant increases in percentage of energy in-

take from high-quality carbohydrates, plant protein, and

polyunsaturated fat. Despite improvements in macronutri-

ent compositionanddietquality, continuedhigh intakeof low-

quality carbohydrates and saturated fat remained.
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