FY 2014 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 mission of NP 107 is to define the role of food and its components in maintaining health throughout the life cycle.  The vision of the program is that well-nourished Americans make health-promoting diet choices based on scientific evidence.  To accomplish these goals, the Human Nutrition Program of ARS conducts basic and applied research resulting in discoveries at the molecular, cellular, individual, and population levels on nutrient requirements, metabolism and health, and food/nutrient intake of the U.S.

Accomplishments described below represent those from the final year of the last five-year Action Plan, although there is considerable carryover of topics from the previous Action Plan since many nutrition problems are complex and require extensive research for sustainable solutions. 

There are five research components in the current Action Plan for the program: 
· Linking Agricultural Practices and Beneficial Health Outcomes
· Monitoring Food Composition and Nutrient Intake of the Nation
· Scientific Basis for Dietary Guidance
· Prevention of Obesity and Obesity-Related Diseases
· Life Stage Nutrition and Metabolism 

Selected accomplishments completed during fiscal year 2014 are listed below.  Links to publicly available documentation are provided after each result.

The current standard for calorie intake in children is set too high.  The Dietary Reference Intake (DRI) for energy needs of preschool age children was tested in a study of 3-5-year old children by ARS supported researchers using a sophisticated technique called doubly-labeled water in which non-radioactive, stable isotopes of hydrogen and oxygen are combined to form heavy water which is drunk by test subjects with no harm or side effects.  The isotopes allow very accurate measurement of energy utilization called total energy expenditure (TEE) as well as needs over both short- and long-terms.  The energy requirement for children in this age range was set years ago and included only two 3-year olds and two 4-year olds and did not account for substantial differences in physical activity level that affects energy needs.  This study included 97 children, carefully measured activity levels, and the doubly labeled water allowed adjustment of calculated energy needs for that.  Not only was if found that the current DRI for energy overestimates calories needed but physical activity has a large role in determining those needs and can amount to discrepancies of almost 600 Calories per day.  Provision of the appropriate amount of calories in meals to young children should help stem the increase in obesity seen over the last 30 years. 

	Publication: Butte NF, Wong WW, Wilson TA, Adolph AL, Puyau MR, Zakeri IF. Revision of Dietary Reference Intakes for energy in preschool-age children. Am J Clin Nutr. 2014; 100:161-167.

Physical activity benefits elderly adults at high risk for impaired mobility.  Sarcopenia is the loss of skeletal muscle mass in the elderly, and it contributes to declines in physical capacity and performance with advancing age.  The economic impact of sarcopenia has been estimated at $18.5 billion, annually.  ARS-funded researchers participated in the Lifestyle Interventions and Independence for Elders (LIFE) study, the largest and longest duration randomized trial of physical activity in older persons.  This is a multicenter randomized controlled trial, designed to compare the effects of a moderate-intensity physical activity program with a successful aging health education program on the incidence of loss of mobility in high risk adults.  Men and women (age 70 to 89 years) who were able to walk were assigned to moderately intense physical activity that included aerobic, resistance, and flexibility training activities, or to a health education program consisting of workshops on topics relevant to older adults along with upper extremity stretching exercises.  Major impairment of mobility was reported in 30 percent of the physical activity group and 36 percent of the health education group.  A subgroup with lower physical function at study entry received considerable benefit from the physical activity intervention.  These results suggest that structured physical activity is a feasible and effective intervention to reduce the burden of disability among vulnerable older persons, in spite of functional decline in late life. 

Publication:  Pahor M, Guralnik JM, Ambrosius WT, Blair S, Bonds DE, Church TS, Espeland MA, Fielding RA, Gill TM, Groessl EJ, King AC, Kritchevsky SB, Manini TM, McDermott MM, Miller ME, Newman AB, Rejeski WJ, Sink KM, Williamson JD. Effect of structured physical activity on prevention of major mobility disability in older adults: the LIFE study randomized clinical trial. J. Am. Med. Assoc.  2014; 311:2387-96.

Microbes in the gut affect vaccine responses.  The composition of the community of microbes that inhabits the human intestine is likely to have a profound influence on both infant and adult health.  ARS scientists worked with collaborating scientists and the World Health Organization to conduct a study among healthy Bangladeshi infants up to 15 weeks of age to determine if the intestinal microorganisms (as determined by DNA obtained from feces) are associated with standard vaccine responses.  Researchers found that a high abundance of certain types of intestinal bacteria was associated with higher responses to several vaccines, including the oral polio vaccine, the tetanus toxoid vaccine and the tuberculosis vaccine.  Multiple measures of vaccine response were affected, including the antibody response, the hypersensitivity skin-test response, and the T-cell proliferative response.  The implication of this finding is that interventions to promote a healthy microbial community in the gut by using live bacteria or appropriate foods may improve the efficacy of vaccination programs.  

Publication  Huda MN, Lewis Z, Kalanetra KM, Rashid M, Ahmad SM, Raqib R, Qadri F, Underwood MA, Mills DA, Stephensen CB.  Stool microbiota and vaccine responses of infants. Pediatrics. 2014; 134: 362-72.
	
Changes in gut bacteria associate with alterations in liver and kidney function.  With the majority of American overweight or obese, the incidence of type 2 diabetes has more than doubled and has become a leading cause of disability and health-care costs.  Insulin resistance is the classic diagnostic feature of type 2 diabetes.  In recent years, it has been recognized that metabolic products from the bacteria in the large intestine are absorbed into the bloodstream and influence metabolism at distant sites in the body. Although it is recognized that the bacteria in the large intestine are readily influenced by diet, it remains largely unknown how such changes affect health.  ARS researchers discovered weight loss and exercise in sedentary, obese insulin-resistant women led to novel patterns of plasma metabolites that indicated improved metabolic health.  In addition, metabolites in the blood identified as coming from the bacteria in the colon indicated improved efficiency of mitochondria, the parts of cells responsible for energy metabolism, and improved insulin resistance.  These results indicate the importance of considering both bacterial and organ metabolism is complete understanding of the role of diet in normalizing insulin metabolism.

	Publication: Campbell C, Grapov D, Fiehn O, Chandler CJ, Burnett DJ, Souza EC, Casazza GA, Gustafson MB, Keim NL, Newman JW, Hunter GR, Fernandez JR, Garvey WT, Harper ME, Hoppel CL, Meissen JK, Take K, Adams SH. Improved metabolic health alters host metabolism in parallel with changes in systemic xeno-metabolites of gut origin. PLoS One. 2014; 9:e84260.

Multiple detrimental effects of maternal obesity on placenta and fetus documented.  While there are guidelines for weight gain during pregnancy, many women are overweight or obese prior to conception and many gain far more than recommended during pregnancy.  Because the placenta is expelled after birth, there has been limited interest in its biology but it is the biological interface between mother and developing baby.  Specific effects on the placenta have never been documented until now.  ARS supported scientists showed that maternal obesity increases inflammation, oxidative stress, and lipotoxicity in the placenta as measured by changes in gene expression of up to 288 genes from placental tissue in obese women compared with those of normal weight.  As part of these studies, the scientific team also characterized the transcriptome of the placenta, the set of all RNA molecules in the tissue that translate the genetic material coded by DNA into production of proteins.  This cutting edge information is an essential part of identifying metabolic pathways regulating the physiology in the placenta and how this may go awry in the presence of obesity or other diseases which leads to adverse health consequences in the children later in life. 

	Publications: Saben J, Lindsey F, Zhong Y, Thakali K, Badger TM, Andres A, Gomez-Acevedo H, Shankar K. Maternal obesity is associated with a lipotoxic placental environment. Placenta. 2014; 35:171-7.
Saben J, Zhong Y, McKelvey S, Dajani NK, Andres A, Badger TM, Gomez-Acevedo H, Shankar K. A comprehensive analysis of the human placenta transcriptome. Placenta. 2014; 35:125-31.
	Thakali KM, Saben J, Faske JB, Lindsey F, Gomez-Acevedo H, Lowery CL Jr, Badger TM, Andres A, Shankar K. Maternal pregravid obesity changes gene expression profiles toward greater inflammation and reduced insulin sensitivity in umbilical cord. Pediatr Res. 2014; 76:202-10.

Amino acid supplements improve recovery from severe acute malnutrition in children.  In many developing countries, malnutrition of young children remains a major cause of stunting and permanent deficits that prevent people from reaching their full potential both physically and mentally.  Aid programs often provide special foods that induce acute recovery of growth but that is often not maintained over the long term.  ARS supported scientists studied 22 children aged 4-31 months, in the West Indies who were suffering from growth deficits of greater than 20 percent.  A mixture of aromatic amino acids (AAA) not normally used for this purpose was compared with the same amount of a standard, single amino acid and found to increase whole-body protein synthesis and provided better amino acid balance during catch-up growth.  These results can be used by government agencies to administer more effective nutrition support to the most vulnerable children by including AAA in nutritional rehabilitation regimens. 

	Publications: Hsu JW, Badaloo A, Wilson L, Taylor-Bryan C, Chambers B, Reid M, Forrester T, Jahoor F. Dietary supplementation with aromatic amino acids increases protein synthesis in children with severe acute malnutrition. J Nutr. 2014;144:660-6.
Green CO, Badaloo AV, Hsu JW, Taylor-Bryan C, Reid M, Forrester T, Jahoor F. Effects of randomized supplementation of methionine or alanine on cysteine and glutathione production during the early phase of treatment of children with edematous malnutrition. Am J Clin Nutr. 2014; 99:1052-8.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regulation of  milk production in humans.  A number of women struggle to breastfeed their infants successfully, particularly those who are obese, teenage mothers, and mothers with premature infants.  ARS-funded scientists made the original observation and developed a method for isolating and measuring the messenger RNA (mRNA) from human milk.  Using these mRNAs, which are the molecular signals that translate the genetic information into a protein or product, the investigators traced the changes in gene expression over the first 42 days of lactation in normal women.  The primary trigger for the start of lactation in humans is incompletely understood, but one of the factors is the withdrawal of progesterone (a hormone made in the placenta during pregnancy) with the removal of the placenta as a result of giving birth.  Thus, therapeutic approaches to block the action of progesterone may be possible and could increase the success rates of breastfeeding and provide these women and their infants all of the benefits of breastfeeding. 

Publications: Mohammad MA, Haymond MW.  Regulation of lipid synthesis genes and milk fat production in human mammary epithelial cells during secretory activation. Am J Physiol Endocrinol Metab. 2013; 305:E700-16.
Mohammad MA, Sunehag AL, Haymond MW.  De novo synthesis of milk triglycerides in humans.  Am J Physiol Endocrinol Metab. 2014; 306:E838-47.

Food portion sizes for children are predicted by parental characteristics.  The marked increase in obesity among young children has not been well explained despite intensive research, much of which has focused on behaviors of the children.  In the first study to examine parental behavioral influences on children’s portion sizes, ARS supported scientists examined feeding habits of 145 mostly Hispanic and African-American parents of preschoolers.  Amounts served to, and consumed by, children and parents during three at-home evening meals were measured and analyzed.  The amounts parents served themselves significantly predicted how much food the children were given which was highly correlated with the amounts they ate.  African-American parents served more food to themselves and to their children compared to Hispanics and employed parents served larger meals than the unemployed.  Body mass index, the standard measure of obesity, was not predictive of meal size.  These results point to the potential value of educating parents about appropriate portion sizes for children and the importance of their own choices at the dinner table for effects on their children’s eating habits. 

	Publication: Johnson SL, Hughes SO, Cui X, Li X, Allison DB, Liu Y, Goodell LS, Nicklas T, Power TG, Vollrath K. Portion sizes for children are predicted by parental characteristics and the amounts parents serve themselves. Am J Clin Nutr. 2014; 99:763-70.

Worksite weight-loss interventions.  Obesity is a serious health crisis in the U.S., and is increasing health care costs, which negatively impact the competitiveness of U.S. companies.  Worksite weight loss interventions may provide better and more sustainable results in comparison to other interventions, and effective, sustainable weight control programs for employees are urgently needed.  ARS funded researchers, completed a pilot study of a new worksite weight loss intervention, and reported an average weight loss of 8 percent over 6 months with no significant weight regain at 12 months.  The intervention also had a drop-out rate of only 11 percent, which indicates that in addition to the other positive results the program was also very acceptable to participants.  This intervention has the potential to be an important contributor to reducing the national obesity epidemic, as the main failing of comparable interventions are elevated attrition and significant weight regain.  

Publication:  Batra P, Das SK, Salinardi T, Robinson L, Saltzman E, Scott T, Pittas AG, Roberts SB. Relationship of cravings with weight loss and hunger. Results from a 6 month worksite weight loss intervention.  Appetite. 2013; 69:1-7.

Dietary intake of vegetables and fruit can be estimated by a non-invasive skin test.  Increasing the consumption of fruits and vegetables is a primary recommendation of nutritionists, yet there are few ways to accurately measure changes in intake of these foods.  Carotenoid concentrations (chemicals similar to vitamin A) in the blood are considered the best marker of consumption of fruit and vegetable intake by humans but blood collection is invasive and not practical for large-scale studies.  ARS scientists have developed a method to non-invasively detect carotenoid concentrations by shining a small laser on the surface of the skin and analyzing the light that is reflected back.  This method was recently utilized in human study that fed varying levels of vegetables and fruits for 28 weeks.  The laser method accurately detected changes in the consumption of carotenoid-containing foods, and the values obtained by the laser correlated well with plasma carotenoid concentrations.  This method will make determination of dietary intake of fruits and vegetables much easier to assess and may become a valuable tool for both researchers and clinicians. 

[bookmark: _GoBack]Publication:  Jahns L, Johnson LK, Mayne ST, Cartmel B, Picklo MJ Sr, Ermakov IV, Gellermann W, Whigham LD. Skin and plasma carotenoid response to a provided intervention diet high in vegetables and fruit: uptake and depletion kinetics.  Am J Clin Nutr. 2014;100:930-7. 

Cooking of food produces advanced glycation end products but does not adversely affect health.  When food is heated to high temperatures, the browning reaction generates advanced glycation end products (AGEs), which have been associated with several chronic diseases, especially cardiovascular disease, but the many published studies have been highly controversial.  ARS scientists addressed this question in a new study of healthy, middle-aged adults who were given diets for 6 weeks prepared at either high or mild temperatures.  The distinguishing features of this study were provision of all foods which were the same on both diets, providing identical calories, and well-controlled heating of foods.  A number of risk factors for heart disease including functional tests of the blood vessels plus multiple serum and urinary proteins that indicate inflammation were measured.  No adverse effects of the high AGE diet were seen for any indicators.  This is the first fully-controlled study to examine this question and clearly indicates that cooking food at usual temperatures does not have detrimental effects on the cardiovascular system.  

	Publication: Semba RD, Gebauer SK, Baer DJ, Sun K, Turner R, Silber HA, Talegawkar S, Ferrucci L, Novotny JA. Dietary intake of advanced glycation end products did not affect endothelial function and inflammation in healthy adults in a randomized controlled trial. J Nutr. 2014;144:1037-42.



