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Abstract

Evaluation of time trends in dietary quality and their relation to disease burden provides essential 

feedback for policy making. We used an index titled the Alternate Healthy Eating Index 2010 to 

evaluate trends in dietary quality among 33,885 US adults. From 1999 to 2012, the index 

increased from 39.9 to 48.2 (perfect score = 110). Gaps in performance on the index persisted 

across socioeconomic groups or widened. Using data relating index scores to health outcomes in 

two large cohorts, we estimated that the improvements in dietary quality from 1999 to 2012 

prevented 1,064,840 premature deaths. Also, this improvement in diet quality resulted in 8.6 

percent fewer cardiovascular disease cases, 1.3 percent fewer cancer cases, and 12.6 percent fewer 

type 2 diabetes cases. Although the steady improvement in dietary quality likely accounted for 

substantial reductions in disease burden from 1999 to 2012, overall dietary quality in the US 

remains poor. Policy initiatives are needed to ensure further improvements.

Trends of dietary quality over time result from consumers’ dietary behaviors. Consumers’ 

behaviors, in turn, are influenced by the social, economic, and environmental context of 

food desirability, affordability, and availability.[1] Knowledge of these trends provides 
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essential feedback for the design of interventions and policy initiatives to promote healthy 

eating and ultimately achieve the goal of chronic disease prevention. One approach to the 

evaluation of dietary quality is to calculate a summary index reflecting an individual’s 

adherence to predefined dietary criteria that predict lower risk of chronic disease. We 

previously used the Alternate Healthy Eating Index (AHEI) to investigate the temporal trend 

in dietary quality in the United States and found a modest improvement from 1999 through 

2010. The AHEI was developed in 2002 and updated by incorporating the best available 

evidence on diet and health in 2010.[2] The AHEI includes the key components of healthful 

diets, including higher consumption of plant sources of fats, fish, nuts, whole grains, fruits, 

and vegetables, and low consumption of partially hydrogenated fat, red meat, and refined 

carbohydrates.[3] Previous studies have validated scores on the AHEI as a strong predictor 

of major chronic disease risk,[2] mortality,[4] and biomarkers of major chronic disease.[5] 

As the latest cycle of nationwide dietary data has been released recently, an update of the 

trend in dietary quality measured by the AHEI is warranted.

A substantial body of evidence connects healthful diets to reduced morbidity and mortality 

from major chronic disease.[3] In the science-based, 10-year national agenda for improving 

population health-the Healthy People 2020, prevention of chronic disease through healthful 

diets was highlighted as a national objective.[6] Therefore, determining the changes in 

population health, what we call avoided disease burden, that can be attributed to the 

changing trends in dietary quality provides useful information because the analysis of the 

trends evaluates the impact of current food and nutrition policy and provides guidance for 

future actions. The change in disease burden related to the trends in overall dietary quality 

has not been documented, although the disease burden attributable to certain individual 

dietary factors has been previously reported.[7]

In this study, we used a nationally representative adult population to investigate temporal 

trends in dietary quality from 1999 to 2012 and to estimate the impact of these trends on 

chronic disease burden and death.

Study Data And Methods

Alternate Healthy Eating Index 2010

The AHEI was developed from a review of the relevant literature and discussions among 

nutrition researchers to identify foods and nutrients that have been consistently associated 

with risk of chronic disease in clinical and epidemiologic investigations.[2] The eleven-

dimensional AHEI ranges from 0 (nonadherence) to 110 (perfect adherence); each of the 

components is scored from 0 to 10. For fruits, vegetables, whole grains, nuts and legumes, 

long-chain omega-3 fatty acids (mainly from seafood), and polyunsaturated fats, a higher 

score indicates higher intake. For trans fat, sugar-sweetened beverages and fruit juices, red 

and processed meat, and sodium, a higher score indicates lower intake. For alcohol, we 

assigned the highest score to moderate consumption and the lowest score to heavy 

consumption. Detailed information on the AHEI-2010 and scoring methods can be found in 

the online Appendix Exhibit A1.[8]
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Data Sources

The study population used to evaluate dietary trends consisted of 33,885 adults ages twenty 

years and older who were included in seven National Health and Nutrition Examination 

Survey (NHANES) cycles from 1999 through 2012. Each cycle contained a nationally 

representative sample of the US population. The response rates for the interview portion 

ranged from 72.6 percent (2011–12) to 83.9 percent (2001–02). Details of study design and 

operations may be found elsewhere.[9] Dietary data were collected by an interviewer-

administered, computer-assisted, twenty-four-hour dietary recall. Twenty-four-hour dietary 

recall is an in-depth interview conducted by a trained interviewer who solicits detailed 

information about everything that the participant eats and drinks in the prior twenty-four 

hours. From 1999 to 2002, one twenty-four-hour dietary recall was collected in person from 

study participants; from 2003 to 2012, a second recall was administered over the phone. 

Based on the dietary data, we created six AHEI food groups; the food groups and detailed 

definitions can be found in Appendix Exhibit A2.[8] The food groups included vegetables 

(excluding potatoes and juices), fruits (excluding juices), whole grains (including brown 

rice, popcorn, and any grain food with a carbohydrate-to-fiber ratio ≤ 10:1), sugar-

sweetened beverages and fruit juices, nuts and legumes, and red and processed meat, using 

modified food assignment methods in the Department of Agriculture (USDA) MyPyramid 

Equivalents Database.[10] Nutrient intakes were calculated using the USDA food 

composition databases with nutrient contributions from dietary supplements excluded.[11] 

Data on trans fat intake were not available in the NHANES because the earlier USDA food 

composition databases did not include trans fat. We, therefore, used published estimates 

from the Food and Drug Administration.[12] The values for 1999–2000 (4.6 g/day) and 

2009–10 (1.3 g/day) were the average consumption of industrially produced trans fat data 

for the US population in the late 1990s and 2010. We assumed a linear temporal change of 

trans fat consumption to impute data for each cycle of the NHANES between 1999 and 2010 

and extrapolated it to the NHANES 2011–12 cycle. The NHANES 1999–2012 was 

approved by the National Center for Health Statistics Research Ethics Review Board. 

Written informed consent of every participant was obtained.

Biological Effects Of Dietary Quality

We used estimates of the biological effects of dietary quality, that is, multivariable-adjusted 

sex-specific hazard ratio per unit of the AHEI, on incidence of major chronic diseases 

(coronary heart disease, stroke, cardiovascular disease [including both coronary heart 

disease and stroke], type 2 diabetes, and cancer) and mortality (all-cause mortality, 

cardiovascular disease mortality, and cancer mortality) from two ongoing prospective 

cohorts, the Nurses’ Health Study[13] of 121,700 women and the Health Professionals 

Follow-Up Study[14] of 51,529 men. Different from the NHANES which measured 

participants’ risk factors and disease status concurrently, the two prospective cohorts 

collected information on risk factors and disease status longitudinally over follow-up among 

participants who were disease-free at baseline. These estimates of the biological effects of 

dietary quality are likely to represent the best evidence to date on the relationship between 

long-term dietary intake and health outcomes because of the unique features of the two 

cohorts, including repeated and detailed measurements of diet and covariates, extended 

follow-up, and large sample size. We calculated the AHEI from dietary information 
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collected using validated semiquantitative food frequency questionnaires every two or four 

years over the follow-up of the two cohorts. Nutrient intakes were calculated based on the 

Harvard University Food Composition Database, which was derived from USDA nutrient 

databases and other sources. Detailed information on the study design, operation, definitions 

of disease cases and deaths, and statistical modeling in the Nurses’ Health Study and the 

Health Professionals Follow-Up Study can be found in Appendix Exhibit A3.[8] The 

Nurses’ Health Study and the Health Professionals Follow-Up Study were approved by the 

human research committees at the Harvard T.H. Chan School of Public Health and the 

Brigham and Women’s Hospital.

Statistical Analysis

We applied the weights from the complex survey sample design of the NHANES to permit 

generalization to the US population. Using the AHEI calculated for each person from his or 

her twenty-four-hour recall information, multivariate linear regression was employed to 

calculate the energy-adjusted means for the AHEI and its component scores. We built other 

multivariate linear regression models to calculate covariate and energy-adjusted mean AHEI 

for socioeconomic subgroups defined by income (measured by poverty income ratio), 

education, race/ethnicity, and body mass index. To quantify time trends in the AHEI, the 

regression models included the midpoint of each survey time interval as a scored trend 

variable. The adjusted Wald F test with Bonferroni correction for multiple comparisons was 

used to test homogeneity of the AHEI across subgroups in each survey cycle. We also tested 

interactions between socioeconomic variables and temporal trend in the AHEI.

In the Nurses’ Health Study and the Health Professionals Follow-Up Study, we applied Cox 

proportional hazard models to estimate the biological effects of the AHEI. The models 

included the AHEI as an exposure variable and incidence of major chronic disease and 

mortality as outcomes, and simultaneously adjusted for potential confounding variables. For 

calculation of change in disease burden attributable to the improvement in dietary quality 

over time, we applied the hazard ratios from the Nurses’ Health Study and the Health 

Professionals Follow-Up Study to sex-specific distribution of the AHEI at each NHANES 

cycle to calculate the population-attributable fraction.[15] We also used hazard ratio for total 

mortality to estimate the number of premature deaths avoided at each NHANES cycle as the 

difference between the observed number of deaths from the National Vital Statistics 

System[16, 17] and the number predicted assuming no change in dietary quality from 1999–

2000. More details of statistical analysis can be found in Appendix Exhibit A3.[8] All the 

analyses were conducted with SAS software, version 9.4 or Stata software, version 11.0. All 

p values were two-tailed (α = 0.05).

Limitations

There were some methodological limitations to our analysis. First, our estimation of time 

trends in dietary quality was based on data from the twenty-four-hour dietary recall that may 

not represent long-term usual diet. However, data from the twenty-four-hour dietary recall 

can provide accurate measures of population mean values. Second, the biological effects of 

dietary quality were derived from observational cohort studies. Although we carefully 

adjusted for multiple potential confounding variables, residual confounding could not be 
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excluded. However, the hazard ratios from the Nurses’ Health Study and the Health 

Professionals Follow-Up Study observational cohort studies were largely consistent with 

those from randomized controlled trials modifying overall dietary quality, for example, the 

PREDIMED trial of the Mediterranean diet,[18] suggesting that residual confounding is 

likely to be minimal. Third, dietary measurement methods in the NHANES and the two 

cohort studies were different, which may potentially limit the comparability in assessment of 

dietary quality. However, our analysis adjusted for total energy intake to account for 

different patterns of measurement error embedded in the two dietary measurement methods.

[19] Fourth, the methodology of twenty-four-hour dietary recall changed over the study 

period, which may influence the accuracy of dietary information. However, the changes in 

dietary quality were quite linear over time, suggesting that methodological differences were 

not responsible for our findings. Our assumptions in our calculations are that the health 

effects of diet occur rapidly; while some benefit will be delayed, dietary intervention studies 

show rapid reductions in risk of cardiovascular disease and diabetes.[18] Last, we calculated 

the hazard ratios that quantified the association of the AHEI with major chronic disease and 

mortality from two cohorts of health professionals, which were not representative of the US 

population. However, the hazard ratios represent the underlying physiological mechanisms 

relating dietary quality to health and are similar to those estimated from other cohorts with 

diverse sociodemographic characteristics, including the National Institutes of Health-AARP 

Diet and Health Study, the Multiethnic Cohort Study of Diet and Cancer, and the Women’s 

Health Initiative Observational Study.[4,20]

Study Results

From 1999 to 2012, the mean AHEI significantly increased from 39.9 to 48.2 (Exhibit 1). 

Reduction in trans fat consumption contributed about half of the improvement in the overall 

AHEI (Exhibit 2). The AHEI component scores significantly increased by 0.6 for fruits, 0.7 

for whole grains, 0.5 for nuts and legumes, 1.0 for polyunsaturated fatty acids (reflecting 

increased consumption), 1.4 for sugar-sweetened beverages and juice, and 0.4 for red and 

processed meat (reflecting decreased consumption). However, we observed a significant 

decrease in the component score for sodium intake, reflecting greater intake over time. 

Component scores for vegetables, long-chain omega-3 fatty acids, and alcohol barely 

changed over time. The AHEI significantly increased in most socioeconomic subgroups 

(Exhibit 3). For full results, see Appendix Exhibit A4.[8] Participants with higher education 

level and healthier body weight not only showed higher AHEI but also greater 

improvements over time. While non-Hispanic black participants had the lowest AHEI, they 

showed significant improvement in dietary quality over time. Mexican Americans had the 

highest AHEI but showed no significant improvement in dietary quality. After further 

adjustment for other socioeconomic covariates, the significant differences between non-

Hispanic whites and non-Hispanic blacks disappeared in most of the survey cycles, whereas 

the differences between Mexican Americans and non-Hispanic whites remained significant 

across all survey cycles.

Exhibit 4 shows reductions in disease burden attributable to the improvements in the AHEI 

over time, calculated as percentages of incident chronic disease cases and deaths in each 

NHANES cycle. The difference in dietary quality between 1999–2000 and 2011–12 was 
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responsible for 328,093 fewer all-cause deaths, accounting for 6.6 percent of total deaths in 

2011–12 (Exhibits 1 and 4). Cumulatively, the increase in AHEI from 1999 through 2012 

was responsible for 1,064,840 fewer all-cause premature deaths. Around one in ten deaths as 

a result of cardiovascular disease and one in forty deaths as a result of cancer in 2011–12 

would have been prevented by the 8.3-point change in the AHEI from 1999 to 2012. The 

difference in the AHEI between 1999–2000 and 2011–12 was responsible for 8.6 percent 

fewer cardiovascular disease cases, 10.0 percent fewer coronary heart disease cases, 5.1 

percent fewer stroke cases, 1.3 percent fewer cancer cases, and 12.6 percent fewer type 2 

diabetes cases in 2011–12.

Discussion

We observed a steady improvement in dietary quality in US adults from 1999 through 2012, 

which accounted for a substantial reduction in disease burden. However, the overall mean 

AHEI never achieved even 50 points on a scale from 0 to 110, indicating that the quality of 

the US diet remains far from optimal. We also observed persistent or widening gaps in 

dietary quality across different socioeconomic subgroups. The quality of diet in non-

Hispanic black participants, although significantly improved over time, was still lower than 

other race/ethnicity groups.

As a result of a series of educational efforts and legislative and regulatory actions from 

mandatory disclosure of the trans fat on nutrition labels in 2006 to the Food and Drug 

Administration’s most recent ban on partially hydrogenated oils for any use in human food, 

reduction in consumption of trans fat (mainly from partially hydrogenated oils) contributed 

about half of the improvement in dietary quality, which indicates the effectiveness and 

efficiency of actions aimed at changing the environment to support consumers’ healthy 

choice of food.[21] The reduction in consumption of sugar-sweetened beverages and juice 

(by 35.6 percent) was likely a result of a combination of education, voluntary restrictions, 

and regulations, such as the banning of soda in schools and other public properties in 

Boston.[22] In comparison to the prominent reductions in consumption of trans fat and 

sugar-sweetened beverages, other key components of dietary quality were still far short of 

the optimal goals. Some areas showed limited, albeit encouraging, improvements, such as 

increasing consumption of fruit, whole grains, nuts and legumes, and polyunsaturated fatty 

acids, and decreasing consumption of red and processed meat [Exhibit 2]. In contrast, 

consumption of vegetables and long-chain omega-3 fatty acids did not increase, while 

sodium intake increased over time. [Exhibit 2]Perhaps current interventions targeting these 

components, for example, front-of-package labeling systems rating healthfulness of 

products, have resulted in only moderate behavioral changes because they rely on personal 

responsibility, that is, to assist consumers to make informed choices. [23] Therefore, 

collective actions aimed at creating an environment that fosters and supports individuals’ 

healthful choices should be among the top priorities of policy makers.[23] In addition, we 

cannot expect trans fat reduction to contribute further improvement in overall dietary quality 

because it has been almost eliminated from the US food supply. More focused policy 

initiatives to address other components of healthy eating, for example, expansion of taxation 

on sugary beverages and mandatory reformulation to reduce salt in processed foods, are 

needed to maintain and accelerate improvements in diet.
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To our knowledge, our study is the first documentation of the disease burden attributed to 

temporal changes in dietary quality. Even small improvements in dietary quality can lead to 

substantial reduction in disease burden, providing further justification for legislative and 

regulatory actions to address food supply more broadly. Our legislatures and governments 

have been granted the authorities to reduce short-term risk of unhealthful foods, that is, to 

prevent and control food-borne diseases, through timely and stringent measures.[21] It will 

be equally appropriate if the long-term risk of unhealthful foods, that is, morbidity and 

mortality of chronic diseases, is addressed by legislative and regulatory actions.

Despite dramatic expansion of federal food and nutrition assistance programs, gaps in 

dietary quality across socioeconomic groups have persisted or increased in recent years. 

Groups with low-socioeconomic status and non-Hispanic blacks generally had poor dietary 

quality. Current agricultural policy arrangements that channel tax payer subsidies for row 

crops but do not support fruit and vegetable growers are at odds with a US food supply 

system designed to deliver an affordable and healthful diet for low-income populations.[24] 

Also, populations with low-socioeconomic status may have limited access to healthful foods 

and lack enough nutrition knowledge in making healthy food choices.[25] Our modeling 

results suggested that the differences in dietary quality between non-Hispanic whites and 

non-Hispanic blacks were largely explained by socioeconomic inequity, while other factors, 

such as dietary traditions and cultural differences, may have played a more important role in 

the differences between non-Hispanic whites and Mexican Americans. Given the complexity 

of these contributing factors, federal programs that mainly rely on financial assistance are 

likely insufficient solutions to address these disparities, especially the gap in dietary quality 

between African-Americans and other ethnicity groups. Additional efforts will be needed to 

integrate nutrition education and programs that improve access to healthful foods into these 

federal programs.

Conclusion

We observed a steady improvement in dietary quality of US adults, which has contributed to 

a substantial reduction in disease burden. Nevertheless, the overall dietary quality of the US 

population remains poor; disparities across different socioeconomic groups increased 

throughout the period. Except for trans fat, key components of healthful diets only showed 

modest or no improvements. The role of government action in reducing trans fats has set a 

successful precedent. Policy initiatives are urgently needed to address other healthy eating 

components to maintain and accelerate improvements in diet, in particular to reduce the 

large and growing disparities between socioeconomic groups that translate directly into 

greater differences in morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Exhibit 1. 
Change In Energy-Adjusted Mean Alternate Healthy Eating Index (AHEI) And Estimated 

Reduction In All-Cause Premature Deaths As A Result Of Improvement In The AHEI 

Among Adults Ages Twenty Years And Older From 1999 To 2012

SOURCE National Health and Nutrition Examination Survey 1999–2012.
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Exhibit 2. 
Energy-Adjusted Mean Alternate Healthy Eating Index Component Scores Among Adults 

Ages Twenty Years And Older By National Health and Nutrition Examination Survey Cycle

SOURCE National Health and Nutrition Examination Survey 1999–2012. NOTES For 

fruits, vegetables, whole grains, nuts and legumes, long-chain omega-3 fats, and 

polyunsaturated fatty acids, a higher score corresponded to higher intake. For trans fat, 

sugar-sweetened beverages, red and processed meat, and sodium, a higher score 

corresponded to lower intake. For alcohol, the highest score corresponded to moderate 

consumption and the lowest score to heavy consumption. Nondrinkers received a score of 
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2.5. DHA is docosahexaenoic acid. EPA is eicosapentaenoic acid. PUFA is polyunsaturated 

fatty acid.
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