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THE IMPACT OF DIETARY GUIDELINES FOR AMERICANS ON DIETARY 

INTAKE AND OBESITY RATES 

NIMISHA TANNA 

ABSTRACT 

This study provides a comprehensive analysis of dietary trends in the United States from 

2000 to 2018, examining the population's adherence to the Dietary Guidelines for 

Americans (DGAs) across diverse food groups. Utilizing National Health and Nutrition 

Examination Survey (NHANES) data and employing meta-regression analysis, the 

research evaluates the intake patterns of vegetables, fruits, grains, protein, dairy, fats and 

oils, and key nutrients. The findings reveal a consistent and widespread non-adherence to 

recommended DGA servings, challenging the effectiveness of dietary guidelines in 

influencing public behavior. Despite revisions in guidelines, the study demonstrates 

remarkable stability in the intake of both recommended and discouraged foods. 

Additionally, the study investigates trends in obesity prevalence and BMI, suggesting that 

the DGAs alone may not be the primary driver of the obesity epidemic. The discussion 

highlights the persistent disconnect between DGA recommendations and actual dietary 

behaviors, emphasizing the need for public health interventions. This study contributes 

valuable insights into the limitations of current dietary guidelines in shaping broader 

dietary patterns, calling for a more holistic approach to public health interventions. 
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Background  

The NHANES (National Health and Nutrition Examination Survey) is a program of 

studies conducted by the CDC (Centers for Disease Control and Prevention) to assesses 

the health and nutritional status of adults and children in the United States (About 

NHANES, 2023). According to data from the CDC, the prevalence of obesity (body mass 

index [BMI, kg/m2]>=30) in the United States has increased significantly over the past 

few decades. In 1999-2000, the obesity prevalence among adults aged 20 years and above 

was 30.5%. By 2017-2018, the obesity prevalence had increased to 42.4% (Adult Obesity 

Facts , 2022). These trends are concerning as obesity is associated with numerous health 

problems, including diabetes, heart disease, stroke, and certain types of cancer. Obesity 

also places a significant economic burden on society, with an estimated obesity-related 

healthcare costs in the United States exceeding $173 billion per year (Consequences of 

Obesity , 2022).  

NHANES data can be used to monitor adherence to the Dietary Guidelines for Americans 

(DGA), which are released jointly by the U.S. Department of Health and Human Services 

(HHS) and the U.S. Department of Agriculture (USDA) every 5 years. The development 

of DGAs began in 1980, when the first edition was published by the USDA and the U.S. 

HHS (Who’s Involved in Updating the Dietary Guidelines, n.d.). Since the release of the 

first edition, the DGAs have become an important tool for diet related promotion of 

health. The development of the DGAs involves a rigorous scientific review process, with 

input from nutrition and health experts, federal agencies, and the public. The process 

includes a call for public comments, a scientific advisory committee review, and review 
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by federal agencies before the final guidelines are released. These guidelines provide 

evidence-based advice for making food and beverage choices that promote good health, 

support healthy body weight, and prevent chronic disease based on the newest scientific 

analyses on nutrition and health from the previous 5 years (Purpose of the Dietary 

Guidelines, n.d.). 

NHANES collects data on a nationally representative sample of the U.S. civilian, non-

institutionalized population, which includes people of all ages, races, and ethnicities. The 

survey oversamples certain subgroups, such as elderly adults, children, and racial/ethnic 

minorities, to ensure adequate representation of these groups in the data. NHANES 

collects dietary intake data and data on various health and nutrition-related measures, 

including anthropometric measures, blood pressure, oral diseases, health behaviors, and 

more. The dietary intake data is collected through a 24-hour dietary recall interview 

during which trained NHANES interviewers ask participants about the food and 

beverages they consumed in the past 24 hours, starting from midnight the previous day. 

The interviewers use a multiple-pass method to gather detailed information about the 

types and amounts of foods and beverages consumed, including brand names and 

preparation methods. They also ask about dietary supplements and other factors that may 

affect nutrient intake. NHANES also collects information on dietary behaviors, food 

security, and food shopping and preparation practices through other surveys and 

interviews (Survey Methods and Analytic Guidelines, 2022). 

The most recent edition of the DGAs was released in 2020, and it provides advice on 

healthy eating patterns for Americans of all ages including specific populations such as 
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elderly people, infants, women who may be pregnant or breastfeeding, and adolescents. 

The guidelines also provide advice on how to make healthy food and beverage choices 

while staying within one's budget and cultural preferences. The DGAs include 

recommendations for the amounts and types of foods and beverages that individuals 

should consume to meet their nutrient needs while staying within caloric limits. The 

guidelines also emphasize the importance of consuming a variety of nutrient-dense foods, 

such as fruits, vegetables, whole grains, lean proteins, and low-fat dairy products, while 

limiting intake of added sugars, saturated fats, and sodium. 

Certain institutions and organizations are required to adhere to the Dietary Guidelines in 

their operations. For example, the National School Lunch Program and School Breakfast 

Program must adhere to the DGAs in planning meals and selecting foods served to 

students. These programs may receive funding to support the implementation of the 

guidelines and to provide nutrition and health education and counseling to participants. 

Specifically, the dietary guidelines are used to inform nutrition education and counseling 

provided by federally funded programs including the Special Supplemental Nutrition 

Program for Women, Infants, and Children (WIC) and the Supplemental Nutrition 

Assistance Program (SNAP). 

According to the USDA, approximately 42 million people or 13% of the U.S. population 

participated in SNAP in the fiscal year of 2020. The USDA states, in the 2019-2020 

school year, 30 million children or 77% of all public-school students participated in the 

National School Lunch Program (NSLP). In fiscal year 2019, the USDA found that WIC 

served approximately 6.3 million participants per month, including pregnant, postpartum, 
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breastfeeding women, and infants and children up to age The guidelines may influence 

funding decisions for research and other initiatives related to nutrition and health. For 

example, the National Institutes of Health (NIH) and other federal agencies providing 

funding may prioritize projects that address key topics or recommendations outlined in 

the Dietary Guidelines. The guidelines may also be used as a reference point for health 

professionals, food manufacturers, and the media when developing nutrition-related 

messages or products. However, these groups are not required to adhere to the guidelines 

in the same way that schools and federally funded programs are. 

 

Statement of Problem  

DGAs are updated every 5 years to reflect the more recent available evidence to inform 

dietary recommendations for the general population that promote health and prevention 

of major chronic conditions including obesity; this has occasionally introduced shifts in 

recommended intakes of various food groups and nutrients. It is unclear whether changes 

in the recommendations for any specific food groups or nutrients have impacted average 

dietary intakes of US adults (defined as those aged 20 years and above). 

 

Hypothesis  

Changes in the recommended intake of food groups and specific nutrients in the DGAs 

are intended to impact subsequent dietary intake of these food groups and nutrients on the 

population level. Shifts in national dietary may have contributed favorably or unfavorably 

to trends in the US obesity rates, particularly among individuals who rely on federally 
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funded programs adhering to the guidelines. We hypothesize that changes to dietary 

guidelines that have coincided with increased or decreased intake of the specific food 

groups will be reflected in the dietary intake and obesity rates of the general population 

of adults. For example, because of notable modifications in past years, we expect average 

intakes will be increased for whole grains, fruits, and vegetables. Additionally, we do not 

expect changes of intake of added sugars, saturated fats, sodium, and processed foods as 

these have become increasingly available and affordable (Patricia Serafim, 2022). By 

investigating the impact of changes in the DGA’s recommendations and subsequent 

dietary intakes prevalence, we hope to better understand how changes in dietary 

recommendations effectively or ineffectively impact obesity and related health status of 

the population. 

 

Objective and Specific Aims  

The objective of this analysis is to describe the temporal trends of food group and 

nutrient-specific changes in the DGA’s recommendations with changes in dietary intake 

data among US adults. Second, we will examine whether changes in mean dietary intake 

are related to changes in trends of obesity prevalence over the same period. We intend to 

explore whether dietary guidelines have had a meaningful impact on diet and body 

weight by looking for inflections in trends over time for diet and body weight in 

alignment with specific changes to the dietary guidelines.  
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Specific Aims 

1. To characterize the recommended intake of food groups in the DGAs every 5. years 

and identify key changes that have occurred.  

2. To assess the mean dietary intakes of food groups and nutrients and obesity prevalence 

in US adults using data from NHANES every 2 years and examine the relation with 

changes in the dietary guidelines over time. 

3. To illustrate the effectiveness of evidence-based recommendations in the DGAs to 

improve the average dietary intake of US adults with concurrent trends in obesity 

prevalence.  

 

Methods 

To ensure a comprehensive understanding of the influence of the DGAs on dietary intake, 

a multi-faceted research approach was implemented. For this study, five steps were used 

to gather and analyze data: 

1.  DGA Heat Mapping: The DGAs for each 5-year period from 1980-2020 were 

reviewed for food group recommendations of intake. The previous editions of DGAs 

were accessed and downloaded via the Dietary Guidelines for Americans website 

(Previous Editions , 2015). We mapped main dietary recommendations of the published 

dietary guidelines from their initial release in 1980 through their latest guidelines in 2020. 

We extracted the specific food group or nutrient recommendations, any serving size 

recommendations, and language reflecting advice to increase, limit, moderate, or 

decrease intake. General food groups were created and individual foods within those 
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categories were also noted. The food groups mentioned in the recommendations included 

fruit, vegetables, grains, dairy, protein, fats & oils, discretionary, beverages, and nutrients. 

Within the food groups there were subcategories for each food item; for example, total 

fruits included melons, berries, citrus fruit, deeply colored fruit, fruit juice, and 100% 

fruit juice. Using this information, we created a heatmap to illustrate the main dietary 

food group recommendations of the published DGAs from their initial release in 1980 

through their latest guideline in 2020.  

The recommendations were converted into standard units for uniformity. These standard 

units were uniform across the food group for example all fruits were noted in servings or 

converted to cup-equivalents, while all protein were tracked in servings or ounce-

equivalents for comparison. Some years the units of intake shifted from “number of 

servings” to “cup-equivalents” or “ounce-equivalents”, and we were able to convert the 

servings to standardize the recommendation units across the years. The original serving 

ranges were used to compare against the cup-equivalent or ounce-equivalent values to 

convert this unit. In 1990, 1995, and 2000, the DGAs recommended a 2-4 serving range 

quantity for total intact fruits, which changed in 2005 to “4 servings or 2 cup-

equivalents” of total intact fruit. Based off the conversion that 4 servings are equal to 2 

cup-equivalents, we then converted the 1990-2000 recommendation to 1-2 cup-

equivalents. Total vegetable was given to us the same was as a range of 3-5 servings from 

1990-2000, and then in 2005 the recommendation shifted to 5 servings or 2.5 cup-

equivalents. We used the 5 servings equaling 2.5 cup-equivalents to calculate the serving 

to cup-equivalents amount for 1990-2000. Similarly, the total protein recommendation 
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was provided as 2-3 servings or 6 ounce-equivalents from 1990-2000. For total grains, a 

1:1 comparison was used for servings to ounce-equivalents. Likewise, a 1:1 comparison 

was used for servings to cup-equivalents to convert total dairy recommendations.   

Color-coding was based on advice to increase (green), moderate/limit (yellow), or reduce 

intake (red). Recommendations provided with thresholds were color coded as yellow to 

limit. For example, a recommendation of no more than 1-2 drinks per day of alcohol was 

coded as yellow. Of note, Trans fats were banned in 2015 and this change was 

represented by a color coding of black on the heat map as this industrially produced 

nutrient was ultimately banned for commercial use in the US food supply from that point 

on and manufactures would have to eliminate all foods containing trans fats by January 

2020 (Dewey, 2018). Although in the early years vitamin and mineral recommendations 

were included in the DGAs, it was decided to omit this from the analysis as the 

Recommended Dietary Allowance (RDA) for nutrient requirements is now conducted 

separately from the DGAs (Nutrient Recommendations and Databases , n.d.). By 

developing a heatmap, the fluctuation in food group recommendations was captured, 

offering a clear visual representation for each five-year segment.  

2. Extraction of Dietary Intake Data: This analysis is a cross-sectional analysis of 

NHANES data repeated over multiple years in different subpopulations, using a modified 

version of the publicly available FPED SAS code from the USDA (Databases and SAS 

Data Sets, 2023). The sources used for this data analysis include the publicly available 

NHANES dietary intake data for participants, the FPED and MPED SAS codes, and the 

USDA's Food Patterns Equivalents Database (FPED) (National Health and Nutrition 
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Examination Survey, 2023).  The Healthy Eating Index Score guide provided by the 

National Institutes of Health (NIH) was also utilized to verify the weighting and SAS 

code (Healthy Eating Index SAS Code, 2023). The dietary intake data available via 

NHANES were collected from 2001 through 2016. NHANES does call for use of sample 

weighting when analyzing data in SAS, which was incorporated into the code (Weighting 

Module, 2022). The FPED SAS code was modified to extract mean intake, standard 

deviation, and standard error of the mean for each food group by cup-equivalents, ounce-

equivalents, grams, milligrams, or percent calories (Overview of Food Patterns 

Equivalents Database, 2023). The provided SAS code calls for the NHANES 

demographic data, NHANES dietary interview for nutrient intake, and NHANES sample 

weighting distribution for each time frame analyzed. Age was adjusted to limit the data to 

adults aged 20+ years. After importing these files to the FPED SAS code and matching 

the food groups (as defined in the code for that year) for each period, the SAS output 

provided the mean, standard deviation, and standard error for each food group (See 

Supplementary Methods in the Appendix for SAS code).  

3. Trends in Dietary Intakes Over Time: The trends in dietary intake were graphed 

using Microsoft Excel to illustrate any changes in intake over the time period of data 

extracted.  

4. Data Analysis: We used STATA (STATA, n.d.) to perform regression models for 

p-values, beta coefficients, and confidence intervals of the coefficient for linear trend to 

estimate whether there was a significant change in intake over the full time period of 

2000-2018 (Linear regression analysis using Stata , n.d.). We then used meta-regression 
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modeling with interaction by time to test whether each 5-year DGA timepoint was a 

significant inflection point in dietary intake trends ( (Meta-Regression, n.d.). We looked 

at the beta coefficient interaction term and confidence interval of the interaction term to 

determine if there was a change in the intake trend before and after the DGA timepoint 

(See Supplementary Methods in the Appendix for STATA code).  

5. Obesity Prevalence Analysis: Using data from the National Institutes of Health, 

we were able to graph the obesity prevalence trend and BMI trend over the years in U.S. 

Adults (Overweight & Obesity Statistics, 2021). Obesity and BMI prevalence data are 

obtained by the N.I.H. every 2 years. Using STATA, we then looked at inflection points 

for obesity prevalence which was determined to be 2011. We conducted a similar 

regression analysis for linear trends to see if any DGA foods also had significant 

inflection points that same year. This was performed for 2009 and 2011 to compare the 

pre and post 2009 and 2011 linear trends. Comparing the trend from 2007-2009 versus 

2009-2011 and the trend from 2009-2011 versus 2011-2013 allowed a comparison 

between the obesity inflection point and intake trend. The interaction was looked at for 

the following DGA year to see if any obesity/BMI trends were offset or delayed by 1 2-

year NHANES cycle because of implementation of DGAs. If there was a significant 

inflection point in obesity prevalence, this was compared against the inflection points for 

DGA foods to characterize whether there were any concurrent changes in dietary intake 

at the population level (See Supplementary Methods in the Appendix for STATA code). 
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Results  

DGA Heat Mapping 

Figure 1 provides the DGA heat map. Visually, there are food groups and dietary items 

that have been consistently encourage in the recommendations (shown in green shading), 

such as fruits and vegetables overall, although the language used to describe the 

recommendations and target amounts often shift. Others, in red or yellow shading have 

been consistently advised to decrease intake of, such as items in the categories of fats and 

oils, beverages, and specific nutrients of interest. There are also notable changes and new 

recommendations introduced throughout the DGA tenure. For vegetables, we note that in 

2010 and 2015 the DGAs specifically introduced a recommendation to decrease starchy 

vegetables, in particular white potatoes. The DGAs have also recommended an increase 

in intake of whole grains over the years and began recommending a decrease in intake of 

refined grains from 2000 forward.  
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Table 1. This table tracks the DGAs by food group every 5 years from 1980-2020. 
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The recommendation for dairy foods has been fairly consistent with a general 

recommendation to consume more low-fat and fat-free dairy foods as opposed to high-fat 

dairy foods such as butter, mayonnaise, and cream. In 2000, the DGAs switched from 

recommending an increase in intake of milk and cheese to recommending a decrease in 

intake of milk and cheese. The DGAs then switched back in 2005 to recommending an 

increase in intake of cheese and milk. The DGAs have recommended an increase in 

intake of overall protein foods over the years but recommended moderating intake of 

organ meats and egg yolks. Recommended proteins included lean meats, fish, and plant 

proteins such as lentils, soy, and nuts and seeds. In 2015, the DGAs recommended 

decreasing intake of animal proteins, and in 2020 the DGAs stated moderating intake of 

animal protein was best. The DGAs have consistently recommended decreasing intake of 

all solid fats and instead transitioning to use of oils (i.e., liquid fats). The DGAs did 

recommend moderating intake of oils in 1980, 2000, 2005, and 2010. The DGAs have 

also recommended decreasing intake of breads, fried foods, added sugars, and sugary 

beverages. The DGAs have recommended moderating intake of alcohol and caffeine. The 

DGAs consistently recommended reduction of intake of dietary cholesterol, and saturated 

fats, while recommended increased intake of unsaturated fats, and dietary fiber. In 1990 

and 1995, the guidelines for sodium, recommended a moderate intake, but in 2000 

recommended a decreasing intake of sodium again. The DGAs did recommend increasing 

intake of starch, but this changed in 2010 and 2015 to a decrease in intake, and then 

transitioned again to increase in starch in 2020. The results and tables below provide 

specific terminology and amounts used in each DGA cycle for adults ages 20+.   
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Vegetable 

The DGA recommended an overall intake of 3-5 servings (1.5-2.5 cup-equivalents (c-

eq)) per day of total vegetables in the years 1990, 1995, and 2000. In 2005, they advised 

an intake of 5 servings or 2.5 c-eq per day. In 2010 and 2015, the recommended range 

broadened to 1-4 c-eq per day, and in 2020, the recommended intake was adjusted again 

to 2-4 c-eq per day. The guidelines emphasized a mix of red, orange, dark green, and 

starchy vegetables. Specifically, in 2010, they recommended an intake of 2-8 c-eq per 

week of total starchy vegetables and advocated for limiting or reducing intake, 

particularly of white potatoes.  

Table 2. This table shows the total vegetable intake and white potato intake from 2000-

2018 alongside the DGA recommendations.   

According to NHANES data for the years 2001-2002 through 2017-2018, among U.S. 

adults the mean intake of total vegetables ranged from approximately 1.46 to 1.59 c-eq 

per day. White potato intake varied over time between 0.34 and 0.37 c-eq per day. Other 

starchy vegetables, excluding white potatoes, ranged from about 0.076 to 0.093 c-eq per 

day. The findings suggest that average vegetable intake remained consistently below 

recommendations. White potato intake consistently exceeded the recommended limit of 

2-8 c-eq per week. In contrast, other starchy vegetables generally fall within the 

recommended range of 2-8 per week. These results indicate a potential area for targeted 

dietary interventions to bring vegetable intake in line with the DGAs. 
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Figure 1. This graph represents the dietary intake of Total Vegetables, White Potatoes, 

an Other Starchy Vegetables in cup equivalents from 2000-2018.   

 

Visually, there is a slight decline in mean intake of total vegetable consumption over the 

first half of follow-up, despite the guidelines having recommended an increase. Despite a 

DGA recommendation to decrease consumption of white potatoes, white potato intake is 

relatively constant. 

Table 3. This table is the analysis results for total vegetable and white potato intake with 

the overall linear trend values from 2000-2018 and the interaction terms for DGA years.  

 

The meta-regression demonstrates a statistically significant (p-value=0.044) overall linear 

trend from 2000-2018 in intake of total vegetables, indicating a decrease of 0.011 in the 

mean c-eq./day every 2 years, on average. There is not a significant interaction between 
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the linear trend of average intake at the years 2005 or 2010 when DGA guidelines were 

released, indicating there is no significant difference in linear trend before and after each 

of those timepoints. However, the slope does significantly change from before to after 

2015, suggesting that the steady decline in mean total vegetable intake from 2000-2015 

may have stalled out after 2015.  

There is not any significant (p-value=0.132) overall change in the mean intake of white 

potatoes from 2000-2018 nor were there significant changes around the DGA years 2005 

or 2015. However, there is a modest decline in mean intake prior to 2010 may have 

shifted direction to a steady increase in intake of white potatoes from 2010-2018. 

Fruit 

The DGAs have consistently encouraged an increase in fruit intake in each edition since 

1980. The guidelines specifically recommend the consumption of a variety of fruits, 

including melons, berries, citrus fruit, deeply colored fruit, and 100% fruit juice. In 1990, 

1995, and 2000, the DGAs advised an intake of 2-4 servings or 1-2 c-eq of fruit per day. 

In 2005, the recommendation became a fixed 2 c-eq per day, and in 2010, it evolved into 

a range of 1-2.5 c-eq per day. In the most recent edition in 2020, the advised range is 1.5-

2.5 c-eq of fruit per day.  

Table 4. This table shows the total fruit intake and fruit juice intake from 2000-2018 

alongside the DGA recommendations.  
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recommendations. Comparing the actual intake to the DGAs recommendations, the 

findings suggest a potential divergence. The recommended range of 1.5-2.5 c-eq of total 

fruit per day is higher than the observed mean intake over the years. The decline in fruit 

juice consumption aligns with the guidelines' emphasis on limiting added sugars, 

indicating a potential positive shift in dietary habits. The trends and comparisons 

underscore the importance of ongoing efforts to promote adherence to dietary guidelines, 

with a specific focus on enhancing the consumption of a variety of whole fruits. 

Table 5. This table is the analysis results for total fruits and fruit juices intake with the 

overall linear trend values from 2000-2018 and the interaction terms for DGA years. 

 

The meta-regression demonstrates a statistically significant (p-value=0.01) overall linear 

trend from 2000-2018 in intake of total fruit (intact or cut fruit and 100% fruit juices). 

Correlating this with the graph, we can see there is a statistically significant decline in 

mean intake of about 0.02 c-eq per day total fruit each 2-year reporting cycle. There is 

also a statistically significant (p-value=0.003) overall change in intake of 100% fruit 

juices over the 2000-2018 time frame. Data availability for fruit juice was not provided 

until 2005 therefore we did not conduct an interaction for 2005. We did not see any 

significant trend changes at other DGA release years 2010 or 2015.  
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Grains 

The DGAs recommended an intake of 6-11 servings/day of total whole and refined grains 

in 1990,1995, and 2000. In 2005, the DGAs shifted to recommending a total of 6 ounce-

equivalents (oz-eq) per day. In 2010 they recommended an intake of 3-10 oz-eq per day 

of grains. In 2015, they recommended the same range, but stated individuals should limit 

intake of total grains. In 2020, they recommended intake of total grains per day with a 

range of 5-10 oz-eq. The DGAs have recommended increasing intake of whole grains 

since 1980 and decreasing intake of refined or non-whole grains since 2000. It was 

recommended in 2005, 2010, and 2015 that 50% of the total grains should be whole 

grains and the other 50% should be refined or non-whole grains. In 2020, it was 

recommended that refined grains should make up 2-5 oz-eq of the total grains consumed 

and the remainder should be whole grains. 

Table 6. This table shows the total grain, whole grain, and refined grain intake from 

2000-2018 alongside the DGA recommendations for these foods.   

 

The actual intake of total whole and refined grains remained relatively stable over the 

examined years, with a mean ranging from approximately 6.33 to 6.84 oz-eq per day. 

Whole grain intake demonstrated an increasing trend until 2011-2012, reaching a peak of 
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consumption. Ongoing monitoring and targeted interventions may be crucial to ensuring 

a shift from refined grains to whole grains. 

Table 7. This table shows the analysis results for total grains, whole grains, and refined 

grains intake with the overall linear trend values from 2000-2018 and the interaction 

terms for DGA years. 

 

The meta-regression does not demonstrate any statistically significant (p-value=0.494) 

overall linear trend change from 2000-2018 in intake of total grains nor were there any 

significant changes to the trend for any DGA release year. There is a significant (p-

value=0.008) overall increase per cycle of 0.032 oz-eq per day in the mean intake of 

whole grains from 2000-2018 as represented on the plotted trend line. There are no 

significant changes to the trend in intake of whole grains for DGA release years 2005 and 

2015. However, in 2010, there is a trend change in intake of whole grains where a shift 

occurs from a steady decline in intake of whole grains from 2000-2010 to a stabilizing 

plateau in intake of whole grains from 2010-2018. Similarly, there is a significant (p-

value=0.046) overall decrease of 0.046 oz-eq per day in the average intake of refined 

grains from 2000-2018 as seen visually. However, again there is not a significant trend 

change in intake of refined grains at any particular DGA release year. 
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Protein  

The DGAs have provided a comprehensive set of recommendations for protein intake, 

emphasizing diverse sources such as meat, poultry, eggs, seafood, legumes, nuts, and 

seeds. Over the years, the DGAs have advised a shift towards lean protein choices and an 

increased focus on plant-based protein sources. The recommended intake has evolved 

from 2-3 servings (6 oz-eq) per day from 1990-2000 to a fixed amount of 5.5 oz-eq in 

2005, a range of 2-7 oz-eq per day in 2010 and 2015, and finally a range of 5-7 oz-eq in 

2020. This have been specific recommendations to limit certain animal proteins such as 

organ meats and egg yolks from 1980-2020. In 2020, encouraged protein sources 

included nuts, seeds, and soy. The DGAs also included recommendations for 

incorporating seafood as an animal protein. The DGAs recommend a reduction in intake 

of dietary cholesterol from 1980-2020 with an upper limit of 300 mg specified from 

1995-2010.  

Table 8. This table shows the total protein, animal protein, egg, cured meat, legumes, and 

cholesterol intake from 2000-2018 alongside the DGA recommendations.   
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Examining NHANES data from 2001-2002 through 2017-2018 reveals that the average 

intake of total protein foods aligns with the recommended range of 5-7 oz-eq per day 

over the studied years. Consumption of specific protein categories, including beef, veal, 

pork, lamb, game meat, cured/luncheon meat, seafood, eggs, soy products, nuts, and 

seeds, generally falls within or close to the recommended ranges.  

Figure 4. This graph represents the dietary intake of total proteins, eggs, nuts and seeds, 

cholesterol, cured meats, beef, soy products, seafood, and chicken in ounce equivalents 

from 2000-2018.  

Cholesterol intake varied over the years, reflecting dietary diversity, however overall 

increases despite the recommendation to decrease intake of specific animal proteins high 

in cholesterol. There is a decline in intake of Beef, Veal, Pork, Lamb, Game Meat 

Excluding Organ and Cured Meats consistent with recommendations to decrease intake 

of these foods. Seafood consumption increased slightly, aligning with the emphasis on 

seafood as a lean protein source. Plant-based protein sources, including soy products, 

nuts, and seeds, demonstrate stable or slightly increasing trends, possibly reflecting a 

growing interest in plant-based diets. These findings indicate an overall alignment 

between the actual intake of protein foods and the recommended guidelines, highlighting 
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a diverse and balanced protein intake over time. Ongoing monitoring and education can 

support individuals in making informed choices that contribute to a healthy and varied 

diet. 

Table 9. This table is the analysis results for total proteins and the subcategory protein 

foods with the overall linear trend values from 2000-2018 and the interaction terms for 

DGA years. 

The meta-regression does not demonstrate a statistically significant (p-value=0.104) 

overall linear trend change from 2000-2018 in intake of total protein foods defined as 

total meat, poultry, seafood, organ meat, cured meat, eggs, soy, and nuts and seeds 

excluding legumes (Oz.Eq.) nor was there any significance in change of trend change for 

any DGA release year. The same is seen for total animal protein, defined as total meat, 

poultry, seafood, organ meat, and cured meat, intake with no significant (p-value=0.101) 

changes overall from 2000-2018 or at DGA report years. Additionally, there is no 

significant (p-value=0.14) trend change from 2000-2018 in cholesterol intake nor was 

there a significant change in trend for any DGA year. There was a significant (p-

value=0.001) overall change from 2000-2018 in intake of eggs and egg substitutes, with 

an increase in average intake per 2-year cycle of about 0.015 oz-eq per day. However, 
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there is not a significant change of trend change in intake of eggs for any particular DGA 

release year. Similarly, there is a significant (p-value=0.018) overall decrease of 0.02 oz-

eq per day in intake of Cured/Luncheon meat made from beef, pork, poultry from 2000-

2018 as seen visually. However, again there is not a significant change of trend change in 

intake of cured/luncheon meats for any particular DGA release year. Likewise, there is a 

significant (p-value=0.014) overall increase in average intake per cycle of 0.053 oz-eq 

per day in intake of legumes. However, again there is not a significant change of trend 

change in intake of legumes for any particular DGA year. 

 

Dairy  

The DGAs have evolved in their recommendations for dairy intake, reflecting a nuanced 

approach over the years. In 1990, the guidelines provided a specific serving amount of 2-

3 servings (1 cup-equivalent) per day without explicit language changes. In subsequent 

editions, the DGAs introduced terms like "moderate intake" without altering the quantity 

recommendation. In 2005, a shift toward increased intake emerged, with a 

recommendation of 3 cup-equivalents per day. The DGAs maintained the range of 2-3 

cup-equivalents in 2010 and 2015 while reiterating the call for higher dairy consumption 

in 2015. The 2020 guidelines reinforced the recommendation for increased dairy intake, 

specifying a threshold of 3 cup-equivalents per day. The DGAs have recommended 
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with a slight overall increase in cheese intake and a stagnant intake of yogurt, 

contributing to the overall stability in total dairy consumption. The decline in intake of 

fluid milk and calcium fortified soy milk mirrors the increase in intake of cheese. These 

nuanced variations might be influenced by evolving dietary trends, cultural factors, or 

individual preferences. Comparing the observed intake values to the recommendations 

reveals intake of dairy is generally low. The mean intake values fall below this 

recommended range each year after 2005, indicating a lack of adherence to the recent 

guidelines and recommendation to increase intake of dairy products.  

Table 11. This table is the analysis results for total dairy and fluid milk intake with the 

overall linear trend values from 2000-2018 and the interaction terms for DGA years. 

 

The meta-regression does not demonstrate a statistically significant (p-value=0.109) 

overall linear trend change from 2000-2018 in intake of total milk, yogurt, cheese, and 

whey nor was there a significant change of trend for any DGA release year. There does is 

a significant (p-value<0.01) overall decline in intake of 0.042 c-eq per day in average 

intake of fluid milk and calcium fortified soy milk from 2000-2018 as represented 

visually. However, there is not a significant change of trend change in intake of whole 

grains for DGA release years 2005 and 2010. In 2015, there is a shift in the trend in  the 

trend in intake of fluid milk from a steady decline from 2000-2015 to a seemingly steady 

intake after 2015.  
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Solid Fats & Oils  

The DGAs have consistently recommended reducing the intake of solid fats, emphasizing 

a shift from sources like coconut oil, palm oil, shortenings, lard, and hydrogenated 

margarines to healthier alternatives such as vegetable oils, nut oils, and olive oils. The 

guidelines have urged moderation in total oil intake, with specific limits and ranges 

provided over the years. In 1990, 2000, and 2005, the DGAs advocated for moderation, 

setting an upper limit of 24 grams per day. The 2010 guidelines introduced a range of 15-

51 grams per day, which continued in 2015. Notably, the language shifted in 2015 and 

2020 to recommend increased oil intake, with the 2020 guidelines specifying a range of 

22-44 grams per day. The DGAs have also emphasized a recommendation to decrease 

intake of solid fats and salad dressings.  

Table 12. This table shows the total oil and solid fats intake from 2000-2018 alongside 

the DGA recommendations.   

 

Analysis of data from 2001-2002 to 2017-2018 reveals trends in oil and solid fat intake. 

There is a direct mirrored inverse intake of solid fat compared to oil, suggesting the 

interchangeability of these fat types in cooking and food processing.  

 

 

 

 





 

 

30 

Table 13. This table is the analysis results for total oils and solid fats intake with the 

overall linear trend values from 2000-2018 and the interaction terms for DGA years.  

 

The meta-regression demonstrates a statistically significant (p-value<0.01) overall linear 

trend change from 2000-2018 in intake of total oils, however, does not demonstrate a 

significant change of trend for any DGA release year. The overall trend increased 

significantly with a slope of 1.655 grams per day increase from 2000-2018.  This trend is 

reflected with a statistically significant (p-value<0.01) overall decrease in intake of 1.469 

grams per day in intake of solid fats from 2000-2018 as represented visually. Of the DGA 

trend years, there is a significant change in intake of solid fats in 2010. In 2010,  there 

was a shift from a steady decrease in intake of solid fats from 2000-2010 to a seemingly 

less steep decrease in intake of solid fats after 2010. All other DGA release years did not 

show any trend change in intake of oils or solid fats.  
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Nutrients  

The DGAs provide recommendations on nutrients of interest including total fat, saturated 

and unsaturated fats, trans fat, sodium, and added sugar. From 1985-1995, the guidelines 

recommend an intake of total fats less than or equal to 30% of total calories per day. They 

recommend saturated fats should make up no more than 10% of total calories and to shift 

towards unsaturated fats. A reduction in intake of trans fats was continually 

recommended until it was banned from industrial food manufacturing use in 2015. The 

guidelines have consistently recommended an increase in intake of dietary fibers. The 

DGAs recommended a decrease in added sugars and sodium with an upper limit of 2400 

mg per day for the latter beginning in 1995, which later decreased to 2300 mg per day 

from 2005 onward for sodium and recommendation to limit added sugar to less than 10% 

of total dietary intake per day was specified in 2015.  

Table 14. This table shows the sodium, total saturated fatty acids, and foods defined as 

added sugar intake from 2000-2018 alongside the DGA recommendations.   
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Figure 7. This graph represents the dietary intake of sodium, total saturated fatty acids, 

dietary fiber, and foods defined as added sugar in milligrams and teaspoon equivalents 

from 2000-2018.   

 

The mean intake of total saturated fatty acids ranged from 24.98 gm to 27.29 gm per day, 

with a subtle increasing trend over time. While these values are within the DGAs 

recommendation of less than 10% of total daily calories, the slight upward trend 

emphasizes the ongoing challenge of encouraging a diet low in saturated fats. Public 

health initiatives may benefit from targeted interventions to address this trend and 

promote heart-healthy dietary choices. The mean dietary fiber intake demonstrated a 

consistent pattern of approximately 15,000 to 17,000 mg per day. The DGAs have 

consistently recommended an increase in dietary fiber intake, and the observed values fall 

within or near the recommended range. Encouragingly, the population appears to be 

incorporating dietary fiber, essential for digestive health and overall well-being, into their 

diets. 

 Over the examined period, mean sodium intake remained relatively consistent, 

fluctuating between approximately 3,200 mg to 3,500 mg per day. These values are 

significantly higher than the recommendations, which have consistently recommended a 
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decrease in sodium intake. The observed sodium intake values suggest a need for 

continued efforts to raise awareness and promote strategies to reduce sodium 

consumption. The mean intake of foods defined as added sugars ranged from 

approximately 15.93 to 20.17 teaspoon-equivalents per day. Despite a downward trend in 

teaspoon equivalents in foods defined as added sugars per day, these values are notably 

higher than the DGAs' recommendation of limiting added sugar intake to less than 10% 

of total daily calories. This trend underscores the ongoing challenge of reducing added 

sugar consumption and highlights the importance of public health strategies to address 

this aspect of the diet. 

Table 15. This table is the analysis results for sodium, total saturated fatty acids, and 

foods defined as added sugar intake with the overall linear trend values from 2000-2018 

and the interaction terms for DGA years. 

 

The meta-regression does not demonstrate any statistically significant (p-value=0.328) 

overall linear trend change from 2000-2018 in intake of total saturated fatty acids, nor 

was there a significant change of trend for any DGA release year. There is a significant 

(p-value<0.012) overall increase in intake of 31.031 mg per day in intake of sodium from 

2000-2018 represented visually, however, there is not a significant change of trend 

change in intake of sodium for any DGA release year. Similarly, there is a significant (p-
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value<0.01) overall decrease in intake of foods defined as added sugars of 0.436 teaspoon 

equivalents, without any significant trend change in intake of added sugar foods for any 

DGA release year.  

 

Macronutrients 

Examining the trends in macronutrient composition from 1999-2000 to 2017-2018 

reveals several notable patterns in the percentage of energy derived from different types 

of fats. The data is presented for Total Fat, Total Saturated Fatty Acids (SFA), Total 

Monounsaturated Fatty Acids (MUFA), and Total Polyunsaturated Fatty Acids (PUFA), 

along with the total energy intake in kilocalories. The percentage of energy derived from 

total fat remained relatively stable over the analyzed period, ranging from 33.07% in 

1999-2000 to 36.57% in 2017-2018. The SD and SE values indicate a moderate level of 

variability, suggesting a consistent but mild upward trend in total fat intake as a 

percentage of total energy. The percentage of energy from saturated fatty acids displayed 

a modest increase from 10.68% in 2001-2002 to 11.64% in 2017-2018. The SD and SE 

values indicate some variability, suggesting fluctuations in saturated fat intake over time. 

While the increase is notable, it's important to consider whether it falls within acceptable 

dietary limits recommended for heart health. The percentage of energy from 

monounsaturated fatty acids remained relatively consistent, with slight variations within 

the range of 11.96% to 12.49%. The SD and SE values suggest stability in the intake of 

monounsaturated fats over the examined period. Similar to monounsaturated fats, the 

percentage of energy from polyunsaturated fatty acids remained relatively stable, ranging 
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from 6.79% to 8.62%. The SD and SE values indicate consistent but moderate variability 

in polyunsaturated fat intake. The total energy intake in kilocalories showed a decreasing 

trend from 2,118.01 kcal in 2001-2002 to 2,075.88 kcal in 2015-2016, followed by a 

slight increase to 2,110.69 kcal in 2017-2018. The SD and SE values suggest fluctuations 

in energy intake, reflecting potential shifts in dietary patterns or lifestyle factors 

influencing calorie consumption. 

Figure 8. This graph represents the dietary intake of total fat, total saturated fatty acids, 

total monosaturated fatty acids, and total polysaturated fatty acids in percent calories 

from fat from 2000-2018.   
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Obesity Trend  

The data spanning from 1999 to 2018 reveals notable trends in BMI and obesity 

prevalence. Over the initial decade, BMI steadily increased from 24.9 to 25.92, indicating 

a consistent upward trajectory. A pivotal shift occurred in 2011-2012, marked by a 

decrease in BMI from 25.92 to 25.34. This inflection point suggests a departure from the 

preceding trend. Despite this temporary decline, post-2012 witnessed a return to the prior 

trend in BMI, reaching 26.65 by 2017 (Pre-Pandemic). Obesity prevalence mirrored BMI 

patterns, with a steady rise until 2011-2012 when a notable drop from 37.7% to 34.9% 

occurred. Subsequently, obesity prevalence surged, culminating in a rate of 42.4% by 

2017. This intriguing inflection point in 2011-2012 signals a shift in BMI and obesity 

prevalence trends, highlighting a potential impact of various influencing factors such as 

lifestyle changes, public health initiatives, or broader societal dynamics. We conducted a 

post-hoc interaction test of trends with inflection year to see if any food groups had 

similar trends in alignment with the obesity and BMI prevalence trend change.  

Figure 9. This graph shows the overall obesity prevalence trend from 1999-2018 for U.S. 

adults.  
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Figure 10. This graph shows the overall BMI trend for U.S. adults from 1999-2018.  

 

 The dietary intake for each food group was analyzed for an interaction across the 

inflection time point for obesity. The linear trend from 2007-2009 (upward trend prior to 

the obesity inflection point) was compared the linear trend from 2009-2011 (unexpected 

downward trend during the obesity inflection point). This was repeated for the 

subsequent time interval 2009-2011 (downward trend) to 2011-2013 (returning to upward 

trend post obesity inflection point) to see if any food groups changed trend as well during 

those years. The analysis examined the impact of dietary factors on obesity across three 

distinct time periods: 2007-2009, 2009-2011, and 2011-2013. The findings reveal notable 

differences in the associations between specific food groups and obesity during these 

time intervals. During 2007-2009 compared to 2009-2011, a significant decrease in 

obesity was observed in parallel with the increased consumption of vegetables (c-eq), as 

indicated by a beta difference of -0.013 (95% CI: -0.021, -0.006; p-value = 0.005). When 

the upward BMI and obesity trend resumed, the intake of whole grains (Oz. Eq.) 

concurrently shifted from its previous upward slope in intake to stalling from 2009-2011 
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to 2011-2013, with a beta difference of 0.019 (95% CI: 0.004, 0.033; p-value = 0.019). 

These findings underscore the dynamic nature of dietary influences on obesity, 

emphasizing the need for nuanced dietary recommendations that consider temporal 

trends. While certain food groups exhibited significant associations with obesity, others 

did not reach statistical significance, highlighting the complexity of dietary patterns and 

their relationship to obesity across distinct time periods. 

 

Discussion  

Despite the consistent dietary guideline recommendations for vegetable intake, the U.S. 

population has consistently fallen short of meeting the suggested daily servings. Over the 

years, there is a noticeable decline in mean intake, raising concerns about the population's 

failure to achieve even the basic minimums for vegetable consumption. It is alarming 

that, as a whole, the U.S. has not met the fundamental recommendations for this essential 

food group. Exploring the reasons behind this persistent shortfall and implementing 

targeted interventions may be crucial to reversing this trend. Notably, in 2010, there was 

a guideline emphasizing a decrease in starchy vegetable intake, particularly white 

potatoes. However, this did not seem to have a substantial impact on the overall vegetable 

intake trend. A promising aspect is the statistically significant overall linear trend from 

2000-2018, showing a decrease in vegetable intake, then stalling after 2015. 

Understanding the factors contributing to this trend cessation can guide future strategies 

to promote vegetable consumption.  
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Similar to vegetables, the U.S. population has consistently failed to meet the dietary 

guidelines for fruit intake, with mean values below the recommended range. This 

persistent shortfall in meeting the basic minimums is concerning and warrants targeted 

interventions to address potential barriers to fruit consumption. The decline in fruit juice 

intake, aligning with guidelines on limiting added sugars, is a promising trend indicating 

positive shifts in dietary habits. In 2010, the dietary guidelines changed to recommend a 

range of 1-2 cup-equivalents of fruit per day, replacing the fixed 2 cup-equivalent 

recommendation. This change coincided with a slight increase in mean fruit intake, 

suggesting a potential impact of the altered guideline. 

The U.S. population has generally met the recommended intake range for total grains, but 

the slow shift towards greater proportions for whole grains has recently been more 

promising. Although the overall mean intake of whole grains has shown a slight decline 

in recent years, the increase observed from 2000-2010 suggests a positive response to 

guidelines emphasizing the importance of whole grains. Refined grains are consumed at a 

much higher percentage than whole grains, despite a constant recommendation for equal 

intake of whole and refined grains. In 2010, there was a notable change in guidelines, 

suggesting a shift from a steady decline in whole grain intake to a stabilizing plateau 

from 2010-2018. This change in trend may reflect the impact of the altered guideline on 

whole grain consumption. 

The population has demonstrated positive adherence to the recommended protein intake, 

with mean values aligning closely with the guidelines. The diverse and balanced intake of 

protein sources indicates a nuanced dietary pattern. Notably, the guideline changes over 
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the years, emphasizing lean protein choices and increased focus on plant-based sources, 

do not seem to have led to drastic changes in overall protein intake trends. The steady 

decline in intake of cured/luncheon meat from beef, pork, poultry since 2000 is a 

promising trend, aligning with recommendations to decrease consumption of these foods. 

Despite evolving recommendations more recently to encourage increased dairy intake, 

the U.S. population has consistently fallen short of meeting the recommended ranges. 

The mean intake values have consistently remained below the suggested threshold, 

emphasizing the challenge in promoting higher dairy consumption. In 2010, there was a 

trend change in fluid milk intake, shifting from a steady decline to a seemingly stalling 

out after 2015. Understanding the factors contributing to this change is crucial for 

developing strategies to promote dairy consumption. 

The inverse trends in solid fats and oils intake align well with dietary guidelines, 

indicating successful messaging on healthier fat choices. The overall increase in oil 

intake, along with a decrease in solid fat consumption, suggests a positive response to 

guidelines advocating for a shift from solid fats to healthier oils. In 2010, there was a 

significant trend change in solid fats intake, indicating a shift from a steady decrease to a 

less steep decline after 2010. Exploring the factors contributing to this change can inform 

strategies to maintain or accelerate the positive trend in fat consumption. 

While the mean intake of total saturated fatty acids has shown a subtle increasing trend, it 

remains within acceptable limits. The positive adherence to dietary fiber 

recommendations is encouraging, indicating a successful integration of this dietary 

component into the population's eating habits. The significant overall increase in sodium 
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intake from 2000-2018 is concerning, emphasizing the persistent challenge in reducing 

sodium consumption despite dietary guidelines recommending a decrease. The observed 

decline in foods defined as added sugars is a promising trend, aligning with guidelines on 

limiting added sugar intake. 

The data highlights the alarming trend of the U.S. population consistently falling short of 

meeting dietary guidelines across various food groups. The promising trends in some 

areas, such as the cessation of the decline in vegetable intake and positive shifts in fat 

consumption, indicate areas of success. Future interventions should address persistent 

challenges while building on these successes to promote a more balanced and nutritious 

diet among the population. Continuous monitoring, understanding the impact of guideline 

changes, and exploring factors contributing to trends are essential for refining dietary 

recommendations and improving overall public health 

Conclusion  

The analysis of dietary recommendations and trends spanning from 2000 to 2018 reveals 

a concerning pattern of U.S. adults consistently falling short of meeting the DGAs. 

Despite evolving guidelines and recommendations, the general populace has not adhered 

to the suggested dietary patterns, raising questions about the effectiveness of the 

guidelines in influencing the population's food choices. 

One notable observation is the disconnect between the DGAs and the obesity epidemic. 

The consistent failure of the population to adhere to the guidelines suggests that the 

recommendations put forth by the DGA are unlikely to be significant for the obesity 

trends observed over the years. The complex interplay of other aspects of diet not 
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reflected in the guidelines (e.g., food processing), lifestyle factors, social and cultural 

influences, and the built environment may play a more significant role in shaping dietary 

habits and contributing to the obesity epidemic. 

Despite changes in dietary guidelines, the intake of recommended and discouraged foods 

has shown remarkable stability over the years. This lack of significant change in food 

consumption patterns, even after guideline alterations and enhanced specificity, 

underscores the challenge of translating recommendations into widespread behavioral 

change. Whether this stability results from entrenched dietary habits, marketing 

influences, or other factors warrants further exploration. 

The strength of this analysis lies in its comprehensive examination of various food groups 

and nutrients over the period. The use of meta-regression provides a quantitative 

perspective on trends. The reliance on self-reported dietary data introduces the potential 

for recall bias. Additionally, external factors such as economic conditions, cultural shifts, 

or major secular trends and events (like the COVID-19 pandemic post-2018) could 

influence dietary habits but are not fully accounted for in this analysis. 

While the DGAs remain a cornerstone of dietary guidance, their impact on shaping the 

nation's eating habits appears limited. Efforts to improve public health through dietary 

interventions should consider multifaceted approaches, addressing not only guideline 

content, but also broader environmental and societal factors influencing food choices. 

Continuous research and adaptation of strategies to bridge the gap between dietary 

recommendations and actual dietary patterns, fostering a healthier nation. 



APPENDIX 

Supplementary Table 1. This table is the dietary intake data from 1999-2018 extracted from SAS. 

Supplementary Table 2. This table is the data analysis results for the overall meta-regression, the DGA inflection years, 

and the obesity inflection years.  

Supplementary Methods 1. This is the code used in SAS to extract the dietary food intake data by food group.  

Supplementary Methods 2. This is the STATA code used to conduct a meta-regression for overall dietary intake trend 

and DGA inflection years 2005, 2010, and 2010. 

Supplementary Methods 3. This is the STATA code used to conduct a regression for dietary intake trends during the 

obesity inflection point years.  
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Supplementary Table 1. 
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Supplementary Table 2. 
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Supplementary Methods 1. 

data MPED; 

set MPED.equiv0102; 

FOODCODE=1*DRDIFDCD;  if FOODCODE=11310000 then do; 

M_SOY=0; D_TOTAL=round(100*(1/244),.001); end; 

else if FOODCODE=11320000 then do; M_SOY=0; D_TOTAL=round (100*(1/245),.001); end; 

else if FOODCODE=11321000 then do; M_SOY=0; D_TOTAL=round (100*(1/240),.001); end; 

else if FOODCODE=11330000 then do; M_SOY=0; D_TOTAL=round (100*(1/245),.001); end; 

if FOODCODE = 58106210 then do; G_TOTAL=1.88; G_WHL=0; G_NWHL=1.88; V_TOTAL=0.12; V_TOMATO=0.12; 

D_TOTAL=0.70; D_CHEESE=0.70; DISCFAT_OIL=0.44; DISCFAT_SOL=8.00; ADD_SUG=0.19; end; 

else if FOODCODE = 58106220 then do; G_TOTAL=1.75; G_WHL=0; G_NWHL=1.75; V_TOTAL=0.12; 

V_TOMATO=0.12; D_TOTAL=0.66; D_CHEESE=0.66; DISCFAT_OIL=0.44; DISCFAT_SOL=10.62; ADD_SUG=0.19 

end; 

else if FOODCODE = 58106230 then do; G_TOTAL=1.88; G_WHL=0; G_NWHL=1.88; V_TOTAL=0.12; 

V_TOMATO=0.12; D_TOTAL=0.66; D_CHEESE=0.66; DISCFAT_OIL=0.44; DISCFAT_SOL=8.82; ADD_SUG=0.19; 

end; run; 
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data CNPPMPED_WJFRT; set MPED.cnppmyp_v1nhanes0102_wjfrt; run; 

data FOOD; set NH.drxiff_b; FOODCODE=1*DRDDRSTZ; /*convert variable name and type*/ if DRDDRSTZ=1; /*reliable 

dietary recall status*/ run; 

data NUTRIENT (keep=SEQN WTDRD1 DRXTKCAL DRXTSFAT DRXTALCO DRDTSODI DRDDRSTZ DRXTMFAT 

DRXTPFAT); set NH.DRxTOT_b; if DRDDRSTZ=1; /*reliable dietary recall status*/ run; 

data DEMO (keep=SEQN RIDAGEYR RIAGENDR SDDSRVYR SDMVPSU SDMVSTRA); set NH.DEMO_b; if 

RIDAGEYR >= 20; run; 

proc sort data=MPED; by FOODCODE; run; 

proc sort data=CNPPMPED_WJFRT; by FOODCODE;  run; 

data NEWMPED; merge MPED CNPPMPED_WJFRT; by FOODCODE; run; 

proc sort data=FOOD; by FOODCODE; run; 

data FDPYR; merge FOOD (in=S) NEWMPED (in=N); by FOODCODE; if S and N; run; 

data FDPYR; set FDPYR; array PYRVAR G_TOTAL--A_BEV WHOLEFRT FRTJUICE; do over PYRVAR; 

PYRVAR=PYRVAR*(DRXIGRMS/100); end; run; 

proc sort data=FDPYR; by SEQN; run; 
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proc means data=FDPYR noprint; by SEQN; var G_TOTAL--A_BEV WHOLEFRT FRTJUICE; output out=PYRCALC 

sum= ; run; 

proc sort data=NUTRIENT; by SEQN; run; 

proc sort data=DEMO; by SEQN; run;  

data COHORT; merge NUTRIENT (in=N) DEMO (in=D); by SEQN; if N and D; run; 

data BOTH; merge COHORT (in=C) PYRCALC(in=P); by SEQN; if C; run; 

data BOTH; set BOTH; by SEQN; array PYRVAR G_TOTAL--A_BEV WHOLEFRT FRTJUICE; do over PYRVAR; if 

PYRVAR < 0 then PYRVAR =0; end; run; 

data BOTH (keep = DRXTKCAL DRXTSFAT DRXTMFAT DRXTPFAT DRDTSODI DRXTALCO g_total g_whl g_nwhl 

v_total v_drkgr v_potato v_starcy v_tomato v_other f_total f_citmlb f_other d_total d_milk d_yogurt d_cheese m_mpf 

m_meat m_organ m_frank m_poult m_fish_hi m_fish_l m_egg m_soy m_nutsd legumes discfat_oil discfat_sol add_sug 

a_bev); set BOTH; run; 

proc means mean std stderr data = BOTH; run; 

proc export data=BOTH outfile="/home/u63118640/thesis codes/NewResults20Yrs/RawDat.csv" dbms=csv; run; 
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Supplementary Methods 2 

list  

generate _meta_es=mean 

generate _meta_se=se 

ssc install metareg 

metareg mean time, wsse (se) 

generate int2005=time*v5 

metareg mean time v5 int2005, wsse (se) 

generate int2010 = time*v6 

metareg mean time v6 int2010, wsse (se) 

generate int2015 = time*v6 

metareg mean time v7 int2015, wsse (se) 

Supplementary Methods 3 

list  

generate _meta_es=mean  

generate _meta_se=se 

generate int0709_0911 = time*(time >= 4 & time <= 5) 

metareg mean time int0709_0911, wsse(se) 

generate int0911_1113 = time*(time >= 6 & time <= 7) 

metareg mean time int0911_1113, wsse(se) 
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