FY 2013 Annual Report for National Program 107 Human Nutrition


The Human Nutrition National Program (NP 107) addresses high-priority problems of national importance as outlined in Strategic Goal 5 of the ARS Strategic Plan for FY 2012-2017: Improve the Nation’s nutrition and health. Specifically, this program contributes to Objective 1.1: Enable Americans to make health-promoting, science-based dietary choices. The goal of NP 107 is to define the role of food and its components in maintaining health throughout the life cycle.  This is the final year of the 5-year research cycle outlined in the 2009-2013 Action Plan. 

There are four research components in the current Action Plan for the program: 
• Nutrition Monitoring and the Food Supply 
• Scientific Basis for Dietary Guidance for Health Promotion and Disease Prevention 
• Prevention of Obesity and Related Diseases 
• Life Stage Nutrition and Metabolism 

Selected accomplishments completed during fiscal year 2013 are listed below.  Links to publicly available documentation are provided after each finding.

Early development of heart rate regulation and bone growth differ between breast-fed and formula-fed infants.  Heart rate control is critical to health, behavioral and cognitive function, yet it is not known if differences in infant diet are associated with differences in the development of heart rate control.  A longitudinal investigation at of the Arkansas Children's Nutrition Center in Little Rock, Arkansas, is studying development of breast-fed, soy formula-fed, and cow’s milk formula-fed infants.  Findings in 465 infants based on measures of resting heart rate across the first 2 years of life revealed that vagal tone – a parameter of the autonomic nervous system that regulates cardiac function by slowing heart rate – was within the normal range across groups but was lower after 6 months in breast-fed than formula-fed infants.  Variations in vagal tone have been related to mental development and emotional behavior in infants, children, and adults. These findings provide new information regarding the influence of early infant diet on neurodevelopment and suggest that variations in early diet may contribute to the development of individual differences in autonomic heart rate control which is important in the regulation of attention, emotion, mental abilities, and behavior.  Further, these results should help reduce concerns of parents and industry regarding the use of soy formula.  In a study of more than 200 of these infants over their first 9 months of age with a sophisticated imaging method, the breast-fed children were significantly fatter than soy or milk formula-fed infants.  Those fed soy formula were leaner than both other groups and accumulated bone and body length faster than the other groups.  Although the long-term consequences of these observations are unknown, these children will be followed up to ascertain the health effects of the early growth differences. 

Pivik RT, Andres A, Tennal KB, Gu Y, Armbya N, Cleves MA, Badger TM. 2013. Infant diet, gender and the normative development of vagal tone and heart period during the first two years of life. Int J Psychophysiol. 2013 90:311-320.

Andres A, Casey PH, Cleves MA, Badger TM. Body fat and bone mineral content of infants fed breast milk, cow's milk formula, or soy formula during the first year of life. J Pediatr. 2013 163:49-54.

School lunches healthier than those brought from home.  The USDA school lunch program has been widely criticized but there has never been a direct comparison of the foods served versus what children bring from home.  Second grade children in Texas were observed by investigators from the Children’s Nutrition Research Center in Houston, Texas, for 3 days for a total of over 2,100 observations.  Compared to meals from the school lunch program, children bringing meals from home were significantly less likely to consume fruits, vegetables, or dairy and were more likely to have snacks high in sugar and/or fat along with fruit drinks with added sugar and few nutrients.  This study clearly demonstrates the healthier food pattern of lunches that conform to USDA standards. 

Johnston CA, Moreno JP, El-Mubasher A, Woehler D. School lunches and lunches brought from home: a comparative analysis. Child Obes. 2012 8:364-368.

Fatty acid ratios in food affect human immune response.  Although there have been hundreds of studies on cells and in animals, there is no scientific consensus on how different dietary fatty acids influence the human immune system.  Diets containing five different soybean oils that varied in their content of polyunsaturated fatty acid (PUFA) were fed to volunteers for 35 days each by scientists at the Human Nutrition Research Center on Aging at Tufts University in Boston, Massachusetts, and standard tests of the immune system were performed at the end of each test period.  The ratio of two PUFA designated omega-6 and omega-3 had the strongest effect on proliferation of immune cells.  Since soybean growers are changing most strains grown to reduce specific fatty acids and soybean oil is the largest single source of fat in the diet, it is critical to know how these changes might affect the health of consumers. 

Han SN, Lichtenstein AH, Ausman LM, Meydani SN. Novel soybean oils differing in fatty acid composition alter immune functions of moderately hypercholesterolemic older adults. J Nutr. 2012 142:2182-2187.

Scientists have pivotal role in analysis of the pig genome and proteome.  ARS human nutrition scientists at Beltsville, Maryland, contributed to a multinational consortium that mapped the entire pig genome and had the lead for a related analysis of porcine genes that control the immune system.  Full knowledge of the pig genome will contribute to more efficient production of healthier animals that provide improved meat for human consumption as well as serving as a better experimental model for human diseases.  Many of the pig’s organ systems, and its genes, are closer to that of humans than those of standard laboratory animals such as mice or rats.  In addition, a large scale analysis of the proteins in biological fluids for multiple sites in a strain of pigs susceptible to metabolic syndrome was done and reflected metabolic responses in various organs which will allow scientists to study development of diabetes in real time as it influence different systems in the body. 

Dawson HD et al. Structural and functional annotation of the porcine immunome. BMC Genomics 2013 14:332.

Hanhineva K, et al. Comparative nontargeted profiling of metabolic changes in tissues and biofluids in high-fat diet-fed Ossabaw pig. J Proteome Res. 2013 12:3980-3992.

Vitamin K may protect against coronary calcification.  Vitamin K is a well-known factor involved in blood clotting but emerging evidence suggests that it has other functions.  Coronary calcium progression, which is a characteristic of severe heart disease, has not been well studied in humans with respect to vitamin K.  To address this gap in knowledge, ARS-funded researchers at Tufts University in Boston, Massachusetts, in collaboration with scientists from Wake Forest Medical Center, measured the vitamin K concentrations in blood samples from men and women participating in the Multi Ethnic Study of Atherosclerosis, and determined their association with coronary calcium progression.  The overall findings suggest those with low vitamin K concentrations were more likely to have coronary calcium progression.  Among participants who were taking blood pressure medication, those with low vitamin K were even more likely to have coronary calcium progression.  These data support the need to review vitamin K dietary requirements in context of health outcomes beyond that of vitamin K’s established role in blood clotting.  

Shea MK, Booth SL, Miller ME, Burke GL, Chen H, Cushman M, Tracy RP, Kritchevsky SB. Association between circulating vitamin K1 and coronary calcium progression in community-dwelling adults: the Multi-Ethnic Study of Atherosclerosis. Am J Clin Nutr. 2013 98:197-208.


Moderately high folic acid negatively affects fetal development.  Pregnant women are encouraged to consume prenatal vitamins with extra folic acid.  While adequate folate helps prevent many neural tube defects, there is concern about high doses having an adverse effect. Since such a study cannot ethically be done in humans, scientists supported by ARS in Boston, Massachusetts, fed mice folate at 10 times the recommended amount, which is similar to the level recommended for pregnant women, and the mice had increased fetal loss, embryonic delays and higher incidence of heart defects in offspring.  This indicates that moderately high supplementation of folic acid adversely affects fetal mouse development.  It will be critical to follow up this work to determine if there is concern in pregnant women. 

Mikael LG, Deng L, Paul L, Selhub J, Rozen R. Moderately high intake of folic acid has a negative impact on mouse embryonic development. Birth Defects Res A Clin Mol Teratol. 2013 97:47-52.

Decision-making ability and weight control.  Obesity prevention through dietary restriction is difficult to achieve for some people, particularly for those who overeat in response to emotions or mood.  Unsuccessful dieters may have reduced ability to inhibit or control emotional eating, which can result in dietary relapse.  A study conducted by ARS scientists in Davis, California, showed for the first time that those with greater amounts of diet-induced weight loss also displayed higher scores on a cognitive test of assessing self-control and strategic decision-making.  The results suggest that differences in obesity prevention success may depend in part on person-to-person differences in higher brain cognitive pathways that influence or are altered by dieting and weight loss.  

Pieper JR, Laugero KD.  Preschool children with lower executive function may be more vulnerable to emotional-based eating in the absence of hunger. Appetite. 2013 62:103-109.

Genomic analysis of lipid traits in African-American, East Asian and Hispanic populations reveals new gene markers for the prediction of cardiovascular risk.  Cardiovascular disease (CVD) is the leading cause of death and permanent disability in the United States.  CVD has a significant genetic component that makes some people more susceptible than others to the disease.  Thus, identifying these genetic factors has become a key component of cardiovascular prevention.  Previous work by this group has identified about 100 genes driving the genetic risk of CVD in White populations, however, there is no such information available for minorities. ARS-funded researchers at Tufts University, in Boston, Massachusetts, in collaboration with an international consortium have performed deep genetic analysis of 2,000 most relevant genes for CVD risk in 7,657 African-Americans, 1,315 Hispanics and 841 East Asians.  These analyses confirmed 16 lipid loci previously established in European populations.  The work in African American individuals confirmed two novel genes associated with total cholesterol and low-density lipoprotein cholesterol (LDL-C) and another one associated with HDL-C levels.  These findings support the notion that differences in CVD risk across ethnic groups may be driven in part by genetic variants.  This knowledge represents an important step in the fight to reducing health disparities.   

Frazier-Wood AC, et al. Genetic variants associated with VLDL, LDL and HDL particle size differ with race/ethnicity. Hum Genet. 2013 132:405-413.

Chemical fingerprinting for detection of adulterated botanical supplements.  The popularity of botanical supplements to augment the U.S. diet has provided a strong economic impetus for adulteration.  Ginkgo biloba extract is a frequently used supplement that people take for purported enhanced cognitive function.  Scientists at USDA in Beltsville, Maryland, measured 22 flavonol glycosides in three National Institute of Standards and Technology reference materials and 20 commercially available supplements using several techniques.  Half of the commercial supplements were found to be adulterated with one of two inexpensive compounds (quercetin or quercetin rutinoside).  Analysis was easily accomplished with a simple methanol-water extraction and direct analysis by UV spectrophotometry.  This method provides the analyst with an inexpensive method for detecting adulterants and potentially provides the industry and regulatory authorities with a powerful tool to detect adulteration.  

Harnly JM, Luthria D, Chen P. Detection of adulterated Ginkgo biloba supplements using chromatographic and spectral fingerprints.   J AOAC Int. 2012 95:1579-1587.

Intestinal bacteria play a critical role in development of fatty liver.  Fat accumulation in the liver has increased dramatically as the American population has gained excess weight.  However, factors that determine which obese individuals will develop fatty liver have yet to been identified.  Scientists at the Grand Forks Human Nutrition Research Center, Grand Forks, North Dakota, found that high-fat diets leading to obesity in mice also dramatically changed the types and amounts of bacteria in the colon.  If the same relationship holds in humans, this will provide new understanding of how fatty liver develops and how we can modify the diet to shift the balance of microorganisms that will reduce deposition of fat in the liver.

Zeng H, Liu J, Jackson MI, Zhao FQ, Yan L, Combs GF Jr. Fatty liver accompanies an increase in lactobacillus species in the hind gut of C57BL/6 mice fed a high-fat diet. J Nutr. 2013 143:627-631. 

Ultraviolet light doubles storage time for strawberries.  Two related technologies were developed by scientists at Beltsville, Maryland, and transferred to a CRADA partner.  Low-voltage LEDs emitting ultraviolet light increased plant chemicals during storage that have been associated with a variety of health benefits.  In addition, these lamps suppressed mold growth and maintained freshness for twice the usual storage time.  Based on market potential, the CRADA partner is focused on the second development, which was presented to a major manufacturer of refrigerators in the U.S.  Work is underway to determine the feasibility of adapting refrigerators to use this technology and could be installed in 25% of refrigerators within a few years; this could be used in cold storage and supermarket displays to possibly enhance health benefits of eating fruits and vegetables and extend freshness, benefiting producers, owners of points of sale, and consumers. 

Release of the National Nutrient Database for Standard Reference (SR26).  Nutrient data for foods and other dietary components are critical to the assessment of dietary intake and support the investigation of hypotheses concerning the relationship of dietary intake to health status.  During 2013, the Nutrient Data Laboratory developed and released the annual update of the USDA National Nutrient Database for Standard Reference (SR26) and its related subset for the National Health and Nutrition Examination Survey (NHANES): What We Eat in America.   Nutrient profiles for nearly 400 foods were added to SR26.  Of these, 125 were added or updated using NFNAP data; the remainder was obtained from food industry sources.  Data on tocotrienols, which were obtained as part of the analyses for vitamin E, for over 1,200 food items were released after review by an outside expert.  Continual releases of the USDA National Nutrient Database for Standard Reference are essential for many functions including conducting the NHANES survey and these data from the base of all commercial and many foreign food composition databases.  It serves as the foundation for analysis of nutrient intake to health.

USDA National Nutrient Database for Standard Reference (Release 26)
