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INTRODUCTION 
  

The Pennington Biomedical Research Center (PBRC) has a 19-year history of 
collaborative research with the Department of Defense (DOD).  A series of specially funded 
cooperative agreements between the PBRC and the U.S. Army Medical Research and Materiel 
Command (USAMRMC) has provided high quality analytical laboratory, nutrition database, and 
metabolic unit support for DOD nutrition related research programs.  The program currently 
supports the RDT&E funded Military Nutrition Research Programs at the U.S. Army Soldier 
Systems Center (Natick, Massachusetts) and the U.S. Army Research Institute of 
Environmental Medicine (USARIEM) laboratories, as well as the Ration Sustainment Testing 
program.  PBRC personnel have traveled to DOD field studies to collect samples, which are 
returned to the PBRC for laboratory analyses.  Additionally, the PBRC has conducted research 
that complements and extends USARIEM’s intramural program in areas of nutritional 
neuroscience, stress, physical, and mental performance, and garrison feeding.  Though funded 
through earmarks, the PBRC program has been periodically successfully peer reviewed by an 
external panel from the Committee on Military Nutrition Research (CMNR), Institute of Medicine 
(1988, 1990, 1996, and 2002).  This joint effort of PBRC and military researchers has led to 
significant improvements of operational rations, better understanding of warfighter energy and 
nutritional requirements, and modifications in garrison feeding. 
 This project continues a research program that has been in place since 1988.  The 
project is for the fourth specially funded cooperative agreement series that began in 1988.  The 
previous cooperative agreements are listed below. 
 
Dates of Award Title Funding 

7/1/97-12/31/04 Military Nutrition Research: Eight Tasks to Address 
Medical Factors Limiting Soldier Effectiveness 

$16,710,748 

4/1/92-3/30/98 Military Nutrition Research:  Six Tasks to Address 
Medical Factors Limiting Soldier Effectiveness 

$11,340,567 

8/1/88-7/31/92 Effect of Food, Diet and Nutrition on Military Readiness 
and Preparedness of Army Personnel and Dependents 
in a Peacetime Environment 

  $3,845,000 

 
 In each of the three previous cooperative agreements, the CMNR of the National 
Academy of Sciences provided peer review prior to and during program implementation.  
Additionally, USARIEM approved all projects and provided consultation on research design for 
all projects that emanated from PBRC.  Any modifications to the original research plan were 
approved by USARIEM prior to implementation. 
 In November 2006, a review was conducted of the research at USARIEM by the 
American Institute of Biological Sciences and the projects and tasks outlined in this document 
were approved. 
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BODY 
 
 PBRC provides high quality support of military nutrition clinical research protocols 
through the execution of the four tasks outlined below.  PBRC and the US Army Medical 
Research and Materiel Command (USAMRMC) cooperate in this specially funded agreement to 
assess and evaluate novel ways to sustain warfighter performance during high intensity 
missions at home and abroad.  In November 2006 the   Military Nutrition Division’s research 
program was reviewed by the American Institute of Biological Sciences.  Dr. Jennifer Rood 
presented a description of the tasks outlined below as part of the review.  Members of the 
review panel were Drs. Mark Davis (chair), Susan Racette, Kathryn Schmidt, and Robert 
Hickner   In all cases, both the Military Nutrition Division and the corresponding PBRC tasks 
received a positive review and the continuing cooperative relationship was fully supported.     
 
Task 1:  Clinical Laboratory for Human Samples (Jennifer Rood,Ph.D.,  Task Leader) 

• After consultation with U. S. Army Research Institute of Environmental Medicine 
(USARIEM), samples from USARIEM research projects were received, processed, and 
analyzed by the PBRC laboratory. 

• The number, timing, type of sample and analyses performed were determined in 
consultation with USARIEM investigators. 

• Results were forwarded to USARIEM and publications generated. 
 

Task 2:  Stable Isotope Laboratory (Jennifer Rood,Ph.D.,  Task Leader) 
• After consultation with USARIEM, samples for analysis of energy expenditure, body 

composition and protein/metabolite turnover studies were analyzed by the PBRC 
laboratory. 

• The number, timing, type of sample and analyses performed were determined in 
consultation with USARIEM investigators. 

• Results were forwarded to USARIEM and scientific publications will be generated. 
 

Task 3:  Nutrient Database Laboratory (Catherine Champagne, Ph.D., Task Leader) 
• After consultation with USARIEM, food intake analysis services can be performed and 

nutrient database services provided. 
• The number and timing of field data collection services provided by PBRC personnel can 

be determined in collaboration with USARIEM. 
• Results can be forwarded to USARIEM and scientific publications will be generated. 

 
Task 4:  Metabolic Unit Services (Steven Smith, MD, Task Leader) 

• Protocols can be developed in consultation with USARIEM and implemented using the 
PBRC metabolic unit clinical facility. 

• PBRC can provide for metabolic kitchen services, inpatient unit nursing, clinical 
laboratory assessment, energy expenditure assessment, body composition assessment, 
food intake assessment and in-vivo bio imaging using multinuclear magnetic resonance 
spectroscopy. 

• In consultation with USARIEM, scientific publications can be generated. 
 
 During the year of this report, the four tasks were used to support the following eight 
projects directed by USARIEM investigators: 
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1. Project 1 - The effect of fitness level, caloric intake, and protein intake on short-term 

nitrogen balance during a 1000-calorie increase in daily energy expenditure (PI:  CPT 
Matthew Pikosky, Ph.D.) - supported by Tasks 1 and 2. 

 
2. Project 2 - Comparison of a PDA-based Method vs. Written Records for Assessing 

Energy Intake and Expenditure (PI: Gaston Bathalon, Ph.D.) - supported by Task 2. 
 

3. Project 3 - Response of Biomarkers of Bone Remodeling to Military Recruit Training (PI: 
Rachel Evans, Ph.D.) - supported by Task 1. 

 
4. Blood biochemistries following repeated days of First Strike Ration or Meal, Ready to 

Eat consumption (PI: Scott Montain, Ph.D.) – supported by Task 1 and 2. 
 

5. Impact of Basic Combat Training on iron Status and Cognitive Function Among Female 
Military Personnel (PI:  Harris Lieberman, Ph.D.) – supported by Task 1. 

 
6. The Effect of a Prolonged Period Aboard a Submarine on Bone Strength and 

Metabolism. (PI:  Rachel Evans, Ph.D.) – supported by Task 1. 

 
7. Effects of Physical Training and Iron Status on Body Composition, Muscle Function, and 

Bone Health in Rats (PI:  James McClung, Ph.D.) – supported by Task 1. 
 

8. Efficiency of casein-whey drink for optimizing plasma amino acid availability (PI:  Scott 
Montain, Ph.D.) – supported by Task 1. 

 
Detailed descriptions of each of the eight projects are described below: 
 
 
Project 1  - The effect of fitness level, caloric intake, and protein intake on short-term nitrogen 
balance during a 1000-calorie increase in daily energy expenditure . 
 
Background 
 
 During heavy sustained military operations, nutrition is a major factor that impacts the 
health and performance of warfighters.  However, for this population, the importance of dietary 
protein for “optimal” nutrition is not resolved.  The extent to which total daily energy expenditure, 
caloric intake, and fitness level affect the balance between whole-body protein synthesis and 
whole-body protein breakdown and, thus, dietary protein requirements, remain debated.  
Sedentary individuals who increase activity exhibit a short-term increase in nitrogen loss from 
the body, assumed to reflect increased dietary protein requirement, but whether physically fit 
individuals, such as warfighters, respond similarly is unknown.  Additionally, while whole-body 
protein catabolism increases when energy intake does not meet energy expenditure, the degree 
to which an increase in dietary protein may preserve whole-body protein synthesis and reduce 
catabolism, during inadequate intake and increased energy expenditure is unknown. 
 The purpose of this study is two fold: 1) to determine if, during increased energy 
expenditure, physically fit individuals exhibit a smaller, larger, or equivalent increase in protein 
requirement as sedentary individuals and 2) to determine if, during periods of heavy physical 
activity and inadequate intake, an increase in protein intake will enhance conservation of whole-
body protein content.     
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Hypotheses 
 
1. In fit and sedentary individuals, daily nitrogen balance becomes negative when TDEE 

increases significantly, even when energy intake matches expenditure. 
2. Due to metabolic adaptations enhancing whole body protein synthetic capacity and/or 

blunting proteolysis, fit individuals will preserve nitrogen balance better than sedentary 
individuals when TDEE increases significantly. 

3. For fit individuals who significantly increase TDEE, but not energy intake, consuming a 
greater fraction of energy as dietary protein will improve nitrogen balance by enhancing 
whole-body protein synthetic rate, blunting proteolysis, or both. 

4. For fit individuals who significantly increase TDEE, but not energy intake, consuming a 
greater fraction of energy as dietary protein will sustain or enhance gluconeogenesis 
while blunting proteolysis, and this effect will diminish with time as negative energy 
balance continues. 

 
Technical Objectives 
 
1. Over 7 days, determine nitrogen balance and measure changes in rates of whole body 

protein turnover and gluconeogenesis, in sedentary and fit individuals who increase 
TDEE by 1000 calories while consuming an energy sufficient diet that provides 55% of 
total calories from carbohydrate and 0.9 g protein/kg body weight. 

2. Over 7 days, determine nitrogen balance and measure changes in rates of whole body 
protein turnover and gluconeogenesis, in fit individuals expending an additional 1000 
calories while consuming a hypocaloric diet (deficit of 1000 calories) that provides 55% 
of total calories from carbohydrate and 0.9 g protein/kg body weight.  

3. Over 7 days, determine nitrogen balance and measure changes in rates of whole body 
protein turnover and gluconeogenesis, in fit individuals expending an additional 1000 
calories while consuming a hypocaloric diet (deficit of 1000 calories) that provides 55% 
of total calories from carbohydrate and 1.8 g protein/kg body weight.  

4. Monitor plasma concentrations of the following: 
a. Hormones related to energy metabolism (i.e. insulin, glucagon, catecholamines). 
b. Metabolically active substances that affect protein metabolism (i.e. growth 

hormone, cortisol, cytokines). 
c. Products of energy metabolism (i.e. urea nitrogen, free fatty acids, glycerol). 

5. Use the respirometry chamber to confirm that TDEE is both predictable and 
        reproducible when a detailed activity schedule is followed. 
 
Military Relevance 
 
 This research addresses USARIEM STP III.B. Task 1 (Fueling optimal performance) and 
Task 2 (Enhancing/defending the body’s biological matrix).  Protein synthesis maintains 
physiological function, including immune response, neurotransmission, muscle mass and, 
thereby, performance. 

Controlled studies investigating whole-body protein turnover and dietary protein 
requirement of physically fit individual’s abruptly increasing total daily energy expenditure 
(TDEE) have not been conducted.  At high levels of energy expenditure it is unclear how much 
dietary protein is required to meet the body’s demand for energy and protein synthesis, or how a 
caloric deficit may impact this requirement.  In fact, the 1999 Institute of Medicine report 
recommends research to quanitate the effect of energy deficit on protein requirements (1).  The 
results of this experiment will be used to evaluate the adequacy of current Military Dietary 
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Reference Intake (MDRI) and Nutritional Standards for Operational Rations (NSOR) for protein 
and to make recommendations regarding the optimal protein content of operational rations 
and/or nutritional supplements. In addition, data from this study will be used to further develop, 
refine, and validate the Dynamic Nutrition Model being developed by The U.S. Army Soldier and 
Biological Chemical Command. 
 
 
Project 2 – Comparison of a PDA-based Method vs. Written Records for Assessing Energy 
Intake and Expenditure 
 
Background 
 

Dietary intake studies in military dining facilities have generally relied upon a visual 
estimation method to collect dietary data to assess energy intake.  However, this method is only 
suitable for group feeding and, thus, is not feasible for studies involving free-living individuals 
(1).  Reports show that energy intakes calculated from self-recorded food records are, on 
average, underestimated 10 – 30% when compared with energy expenditure determined by 
DLW or indirect calorimetry (2-4).  The discrepancies are due mostly to underreporting of food 
intake which can be the failure to record all foods consumed or the underestimation of portion 
sizes.  Likewise, research comparing written, self-reported physical activity against DLW 
demonstrates that self reports overestimate energy expenditure by approximately 10% (5-7).  
Clearly, there is a need to improve the self-reporting of food intake and physical activity in order 
to determine the energy balance of individuals with greater accuracy and precision (8). 

Successful weight management requires a careful balance between energy intake (food 
and beverage consumed) and energy expenditure (activities of daily living).  Self-monitoring of 
food intake and physical activity has been identified as one of the most effective strategies for 
weight loss and maintenance (9-10).  Self-monitoring at the beginning of a weight loss program 
assesses eating and exercise behavior and continues throughout the program to evaluate 
behavioral changes and compliance with program goals (11).  Evidence indicates that 
individuals who self-monitor their food intake and physical activities are more successful at 
weight loss than those inconsistent with self-monitoring (12).  Current findings support the IOM 
recommendations of keeping a 3-day food intake record and a physical activity diary (or using 
an activity monitor such as a pedometer) every 3 months to help maintain weight loss (13).  
Therefore, valid and accurate self-monitoring techniques are necessary to assess deviations in 
energy balance to assist overweight and overfat Soldiers in successful weight loss and weight 
management (14-15).   

Objective assessment of energy expenditure can be measured by a variety of methods, 
with varying degrees of accuracy.  Components of TEE include resting energy expenditure 
(REE), which typically encompasses 50% - 70% of TEE; the thermic effect of food (TEF), which 
accounts for another 10%; and the remainder is physical activity.  Physical activity is the most 
variable component (16) and is comprised of activities of daily living (bathing, feeding, and 
grooming, for example), sports and leisure, and occupational activities.  The amount of TEE 
accounted for by physical activity and thus, the error of misreporting energy expenditure is 
greater for active individuals than sedentary.   

Doubly labeled water, a reference method for validation of energy intake and 
expenditure, is a widely used criterion for estimating TEE in a free-living population (17).  In 
DLW, TEE is calculated from carbon dioxide production and an estimate of the respiratory ratio 
and has been extensively validated against gas exchange in small animals and humans (18-19).  
When free living individuals are weight-stable, energy intake will be equal to TEE.  Therefore, 
DLW allows investigators to compare the accuracy of self-reported energy intake.   
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Objective assessment of energy intake can also be measured by a variety of methods 
with varying degrees of accuracy.  Seven-day weighted food intake records are often used 
when evaluating other dietary assessment methods such as the 24-hour recall, food frequency 
record, or other novel methods (20).  Written self-reported food intake records are a common 
method for collecting energy intake.  The volunteer writes descriptive information of all foods 
and beverages consumed over a period of time, typically 3 – 7 consecutive days (recording food 
intake for more than 7 days has shown greater error in reporting bias) (21).  While keeping a 
food record, individuals are instructed to accurately describe all foods and beverages consumed 
including the name of the food/beverage (brand name, if applicable), preparation method(s), 
recipes for mixed foods and beverages, and accurate portion sizes.  Portion sizes are measured 
(with a scale or other household measures such as cups or tablespoons), estimated against 
food models or pictures, or estimated without the use of an aid.  Ideally, recording is done at the 
time the food(s) and/or beverage(s) is/are consumed, thereby, increasing recording accuracy of 
the foods and beverages consumed.  Individuals often view the written food record as time-
consuming.  To reduce the omission of forgotten foods and clarify entries, the food intake 
records are reviewed with respondents by trained study personnel.   

Studies indicates that underreporters of food intake are likely to be female (22), older 
(23), or overweight (24-25).  Additionally, income, education (26), social desirability (27), body 
image, and history of dieting or restrained eating (28) are likely to influence accuracy of 
reporting.  The Three-Factor Eating Questionnaire (TFEQ) is internally consistent and valid and 
is suggested as the best tool for psychometrically measuring the degree of dietary restraint (29).  
Therefore, we will control for dietary restraint by using results from the TFEQ such as 
disinhibition, hunger, and dietary restraint. Additionally, we will match groups for gender, age, 
and body mass index.    

Because of the quantity and diversity of information collected in food intake records, 
coding (data entry) and nutrient analysis can be time consuming.  A hybrid method of the 
“checklist” form in which respondents check off consumed food items at each eating occasion 
may be easier than recording a complete description of the food, and the costs of data 
processing can be minimized (30).  The checklist method may be most effective when 
assessing a limited set of nutrients, e.g., macronutrient intake (carbohydrates, fats, proteins, 
and alcohol).  Another type of checklist is the close-ended method consisting of foods in 
different food groups in which the respondent indicates whether that food group has been 
consumed concurrent with actual intake (31).  Portion size is recorded in an open-ended 
manner or in specific categories.  The BalanceLog® program utilizes a checklist-type database 
and therefore can potentially improve recording accuracy while simultaneously reducing the 
recording burden on volunteers and investigators.   

BalanceLog® is a computer software program that helps individuals create a 
personalized program to reach and maintain their weight goals.  It provides a database of more 
than 4,000 foods and 300 exercises in which an individual can accurately monitor energy intake 
and expenditure.  The sources of nutritional analysis for foods in the database include the U.S. 
Department of Agriculture (USDA) National Nutrient Databases, brand name label data, 
restaurant data and data obtained from manufacturers.  The caloric expenditure for each 
exercise in the database are based on metabolic equivalents from the Compendium of Physical 
Activities (32), the American College of Sports Medicine guidelines (33) and manufacturer 
supplied data for exercise equipment. 
 Although BalanceLog® is used as a self-monitoring tool for individuals to monitor energy 
intake and expenditure, no validation studies assessing the accuracy of the PDA-based 
BalanceLog® program compared to energy balance calculated from TEE as measured by DLW 
have been performed (personal communication, Haugen, January 2005).  Likewise, utilization of 
BalanceLog® for recording energy intake and expenditure has not been compared with data 
obtained from written food intake and physical activity records.  Therefore, the PDA-based 
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BalanceLog® program is a novel, cost-effective method to estimate energy intake and 
expenditure in a free-living environment.  The BalanceLog® tool may provide researchers a less 
resource-intensive approach to estimate energy intake/expenditure as well as providing Soldiers 
with a self-monitoring tool for weight management that reduces recording burden. 
 
Hypotheses 
 
 BalanceLog® software used in conjunction with a PDA will be as accurate as written 
records for assessing energy intake and energy expenditure in weight stable volunteers when 
compared to TEE as measured by DLW.   
 
Technical Objectives 
 
1. Compare the accuracy of reported energy intake of written 3-day and 7-day food records 

and PDA-based software (BalanceLog®) against energy intake calculated from TEE as 
measured by DLW in weight stable volunteers. 

 
2. Compare the accuracy of reported energy expenditure between written 3-day and 7-day 

activity records and PDA-based software (BalanceLog®) against TEE as measured by 
DLW in weight stable volunteers.   

 
Military Relevance 
 

The 2002 Survey of Health Related Behaviors Among Military Personnel suggests that 
the military Services need to address rising rates of overweight among those on active duty, 
defined as a body mass index (BMI) > 25.0 kg/m2 (34).  The epidemic of overweight and obesity 
in the U.S. affects the military in that it reduces the pool of recruits that are of normal weight and 
decreases the retention of new recruits due to failure to adequately manage their body weights 
(11).  As a result, Dr. William Winkenwerder, Jr., Assistant Secretary of Defense for Health 
Affairs, has identified overweight as one of five key challenges facing military medicine (35).  
With guidance from Dr. Winkenwerder and the Surgeons General, the DoD Prevention, Safety, 
and Health Promotion Council targeted overweight as a key health promotion issue in 2004.  
Clearly, weight management is a DoD targeted health concern and as a result, U. S. Army 
Medical Research and Materiel Command (USAMRMC) established Task Area 3.X, Weight 
Management Strategies, to emphasize the importance of research designed to aid overweight 
Soldiers.    

Military personnel must successfully manage their body weight and body fat over the 
course of their careers or face the possibility of early discharge for noncompliance with AR 600-
9, The Army Weight Control Program (36).  In fact, in fiscal year 2003, 3017 Service personnel 
across the DoD were discharged for failure to meet weight/body fat standards; of these, 2705 
were soldiers (personal communication, Grissom, September 2004).  Recent reports indicate 
that the BMI of Army recruits is increasing as is the incidence of overweight in active duty 
Soldiers (37).  Indeed, 62.3% of male and 32.4% of female Service personnel across the 
Department of Defense (DoD) are overweight, as defined by BMI > 25.0 kg/m2 (38).  Similar 
overweight prevalence rates of 60.1% for male and 40.6% of female Soldiers assigned to Forts 
Leonard Wood, Jackson, and Bragg were observed (39).  We reported that 11% of male and 
22% of female active duty Soldiers exceeded their screening weight-for-height and body fat 
standard and, therefore, meeting criteria to be placed on the Army Weight Control Program 
(unpublished observations, Bathalon, November 2004).   
            This project focuses on methods that can be considered for use in future studies of 
overweight and overfat Soldiers.  The Army Surgeon General has authorized the use of ‘Weigh-
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to-Stay’ as the baseline standard of care intervention for Soldiers placed on the Army Weight 
Control Program.  This education and intervention-based program provides overweight Soldiers 
with various techniques to help with weight loss.  One strategy for successful weight loss and 
maintenance as discussed in ‘Weigh-to-Stay’ is self-monitoring of food intake and physical 
activities to monitor energy balance.  Therefore, the PDA-based BalanceLog® program is a 
potential self-monitoring tool that Soldiers might use to manage their weight.  In fact, 27% of 
male Soldiers and 32% of female Soldiers on the Army Weight Control Program at Fort Bragg 
reported that use of a PDA would be of interest to them for weight management (unpublished 
observations, Bathalon, January 2005).  The use of PDA technology could advance self-
monitoring for military (as well as civilian) volunteers participating in weight loss/maintenance 
programs.  Thus, the protocol supports efforts to assist military personnel with weight 
management, a key health promotion and military retention issue (40).      
 
 
Project 3 - Response of Biomarkers of Bone Remodeling to Military Recruit Training 
 
Background 
 
 Stress fracture, an overuse injury to bone, is one of the most common and potentially 
debilitating overuse injuries seen in military recruits.  Stress fractures develop when 
unaccustomed mechanical loading results in fatigue microdamage at sites of accelerated bone 
remodeling.  There are reports of clinical and experimental observations of abundant 
remodeling and associated porosity in the vicinity of stress fractures.  High rates of bone 
remodeling can be identified by measuring biochemical byproducts of bone resorption and 
formation, however the utility of using bone turnover and other biomarkers of bone remodeling 
to assess the bone remodeling response during short-term training regimens is not well studied. 
 
Hypotheses 
 
 Bone turnover markers and other serum markers may be useful for monitoring the 
course of bone adaptation during a 16 week period of recruit training. 
 
Technical Objectives 
 
 To determine the clinical utility of using bone turnover markers and other serum markers 
associated with bone remodeling as noninvasive, sensitive tools for monitoring the course of 
bone adaptation during a 16-week period of recruit training. 
 
Military Relevance 
 
 Relatively little information is available regarding the effects of either acute or chronic 
exercise on biomarkers of bone turnover during military training regimens.  The utility of using 
markers of bone turnover to monitor the bone remodeling response in military recruits is greatly 
understudied.  Additionally, it is unclear whether women, who sustain stress fracture at much 
higher rates than men, have a greater bone turnover response to exercise.   The results from 
this study will allow us to identify serum markers of bone formation and resorption that are 
sensitive to short-term physical training regimens, and that have the potential to be used in 
future studies that will attempt to relate observed changes in bone quality with changes in the 
formation:resorption ratio, particularly with respect to onset of stress fracture.  Additional 
analyses of the relationship between bone turnover and the hormonal, dietary, and inflammatory 
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response may lead to dietary or other medical interventions that optimize bone health of military 
service members during strenuous physical training regimens. 
 
Project 4 - Blood biochemistries following repeated days of First Strike Ration or Meal, Ready 
to Eat consumption 
 
Background 

The First Strike Ration (FSR) is a compact, eat-on-the-move ration designed to be 
consumed during short-term high-intensity missions of approximately 3 days. It substantially 
reduces the size and weight burden relative to current field ration (MRE), and its eat-on-move 
capabilities are expected to enhance consumption, nutritional intake, and mobility.  Prototype 
versions of the FSR have received high acceptability and desirability scores (41), and the ration 
was recently accepted for accelerated procurement.    

USARIEM actively participated on two field studies that compared the FSR prototype to 
MRE.  Initially, the acceptability of the FSR prototype was tested with 124 Warfighters 
performing patrol missions in Eastern Afghanistan (41).  68% of those who ate the FSR over 3 
day mission reported that they liked the FSR “moderately” or “extremely” (8 & 9 on 9 point 
scale), and 63% reported that they would prefer the FSR over the MRE for their next mission.  
Only 20% preferred the MRE over the FSR.  More recently, USARIEM collaborated with the 
USDA Forest Service and the University of Montana (42) to perform the only performance type 
test of the FSR to date.  In that study, the efficacy of FSR for improving voluntary work 
productivity and cognitive performance capability of wildland firefighters was assessed while 
they performed 2 days of actual fire suppression.  We found that volunteers consuming the FSR 
self-selected to perform 30 min more moderate intensity work per day (p<0.05) and rest 30 
min/day less (p<0.05) than when they were provided 2 MRE per day (41).  Associated with this 
behavior, total energy intake (5250±580 vs. 4396±599 kcal), carbohydrate intake (698±76 vs 
545±82 g) and caffeine intake (347±262 vs. 55±65 mg) were greater (p<0.05) when eating FSR 
vs. MRE, respectively, over 2 days of arduous labor.   Data analysis on cognitive data is still 
underway.  While saliva samples taken after 2 days of arduous work revealed no differences 
between FSR or MRE for salivary cortisol (0.09 vs. 0.11 µg/dl) or testosterone levels (94 vs. 92 
pg/ml), no blood samples were taken to compare nutritional or metabolic status consequent to 
eating FSR vs. MRE.  Equally important, the FSR consumed by the firefighters was partially 
manufactured by contactor and partially made by Combat Feeding Directorate.  No acceptability 
or performance data are available on FSR made solely by contractor.  

To accomplish the objectives of this study, we plan to again team up with the USDA 
Forest Service and the University of Montana.  In preliminary discussions, both parties have 
provided verbal endorsement.  Equally important, Hotshot Crew Chiefs have already provided 
verbal commitment to enable their crews to participate.  Wildland firefighters offer several 
advantages over military units for this type of investigation.  First, each team member (n=20 per 
fire team) performs roughly the same task as his/her other team members, and all members of a 
fire team are exposed to same environmental situation.  These two factors should minimize 
within group variability.  As wildland firefighters have energy expenditures that are similar to 
those of soldiers performing patrol-type missions (43-44), the magnitude of under-eating 
experienced by firefighters participating in this study are expected to be representative of what 
can be expected by military personnel.  
 
 
Hypotheses 
 

1. Blood biochemical profiles will be similar between volunteers consuming the 1 FSR or 2 
MRE during repeated days of arduous work. 
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2. Consumption of the FSR will be greater than consumption of the MRE. 
3. Ration acceptability will be rated higher by volunteers consuming the FSR versus the 

MRE.  
 
Technical Objectives 
 

1. Evaluate volunteers’ biochemical blood profile after consuming either 1 FSR/day or 2 
MRE/day over 3-5 days of arduous work. 

2. Assess each volunteer’s daily consumption of the FSR and the MRE and activity profile. 
3. Assess the acceptability of the FSR versus the MRE contingent upon whether this 

information is desired (at time of implementation) by Combat Feeding Directorate, NSC. 
 
 
Military Relevance 
 

Before the FSR can be fielded, the manufacturer produced item must meet predefined 
acceptability criteria.  One criteria is that sufficient food will be eaten that nutrient intake is 
equally as good if not better than existing field ration (Meal, Ready to Eat; MRE).  The purpose 
of this experiment is to determine if FSR sustains nutritional and metabolic status as effectively 
as the MRE.  This project will test if FSR meets this requirement by comparing blood 
chemistries between volunteers who consume 1 FSR/day to volunteers who consume 2 
MRE/day while performing at least 3 days of arduous work.  Two MRE/day were selected as 
this is the amount of food typically consumed by Infantry-type Soldiers during missions where 
FSR would be provided.  The research supports USARIEM ATO IV.MD.2005.02 (Nutritionally 
Optimized First Strike Ration), as well as the Ration Sustainment Testing (RST) program.   

 
 
 
Project 5.   Impact of Basic Combat Training on Iron Status and Cognitive Function Among 
Female Military Personnel 
 
Background 
 

Iron is a nutritionally essential trace element known to impart a series of critical biological 
functions through incorporation into proteins and enzymes.  Perhaps the best known function of 
iron is through its incorporation into heme-containing proteins, including hemoglobin for oxygen 
transport, myoglobin for muscle storage of oxygen, and cytochromes for the production of ATP.  
Iron is also known to incorporate into a series of nonheme enzymes, including NADH 
dehydrogenase and succinate dehydrogenase, which are required for the electron transport 
chain and function in energy metabolism (45).  Other enzymes that require iron for biochemical 
function include catalase, aconitase, phosphoenolpyruvate carboxykinase, and ribonucleotide 
reductase.   

Despite the fact that iron metabolism has been well studied and that many of the factors 
leading to iron deficiency have been identified, iron deficiency continues to be the most common 
nutritional deficiency disorder in the world (46-47).  Iron deficiency occurs in stages, beginning 
with the depletion of body iron stores, indicated by reduced serum ferritin levels.  Once iron 
stores have been depleted, the iron supply to tissue is reduced, as indicated by reduced serum 
iron concentration, increased total iron binding capacity, and diminished transferrin saturation.  
The final stage of iron deficiency occurs as limited serum and tissue iron supply cause 
depressed production of hemoglobin, resulting in anemia.   
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The consequences of iron deficiency range from subtle to severe, and could limit the 
health and performance of the modern warfighter.  Perhaps the best described consequence of 
iron deficiency is reduced work performance.  Classical human studies have demonstrated 
reduced performance and work productivity with varying degrees of anemia (48-50).  Animal 
studies have demonstrated that reduced iron status results in impaired oxidative energy 
production in skeletal muscle, resulting in diminished capacity for prolonged exercise due to less 
efficient glucose oxidation and increased use of the gluconeogenic pathway (51).  Other well 
described negative consequences of iron deficiency include diminished intellectual 
performance, altered body temperature regulation, reduced immunity and resistance to 
infections, and adverse pregnancy outcomes (52). 
 
 
Hypotheses 
 

The purpose of this study is to assess the impact of BCT on the prevalence of iron 
deficiency and iron deficiency anemia among enlisted female military personnel.  A second 
purpose is to determine whether changes in iron status associated with BCT have a detrimental 
effect on cognitive function.   

As cross-sectional studies indicate an increase in the prevalence of iron deficiency and 
iron deficiency anemia in female military personnel immediately following BCT (53), we 
hypothesize that this longitudinal study will identify a similar decrement in iron status.  Based 
upon the available literature in the field, we believe that decrements in iron status will be 
associated with changes in cognitive function.   
 
 
Technical Objectives 
 

1. Determine the prevalence of iron deficiency and iron deficiency anemia among females 
upon initial entry to BCT? 

2. Determine the impact of BCT on the prevalence of iron deficiency and iron deficiency 
anemia? 

3. Determine if decrements in iron status observed during BCT associated with changes in 
cognitive function? 

 
 
Military Relevance 
 

Iron deficiency is the most prevalent micronutrient deficiency disease in the world, 
affecting up to 2 billion people (46-47).  Although iron deficiency occurs at greater rates in 
developing countries, a significant prevalence continues to be observed in the United States 
(US), especially among young women.  Female military personnel are exposed to intense 
metabolic and cognitive demands as well as immune challenges, particularly during field training 
or when operationally deployed.  Maintaining optimal iron nutriture in these women is essential, 
as iron deficiency and its anemia have important health implications.  Changes in immune 
function, cognitive development and behavior, energy metabolism, and work capacity have 
been described in animals and humans with suboptimal iron status (45,53-54).  Although 
studies examining iron status in female military personnel are limited, suboptimal iron intakes 
have been reported in female military personnel in both garrison and field training studies (55).  
In male military personnel, suboptimal iron intakes have been reported during field studies (56), 
and perturbations in iron status occurred during intense training periods (57-58).    
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In the present study we will determine the impact of BCT on iron status using a 
longitudinal design.  Furthermore, we will determine whether changes in iron status associated 
with BCT have a detrimental effect on cognitive function.  Overall, this study will provide data 
contributing to the formulation of nutritionally optimized rations designed to provide levels of 
dietary iron necessary to support the optimal cognitive function required of the female 
warfighter.  

 
 
Project 6.   The Effect of a Prolonged Period Aboard a Submarine on Bone Strength and 

Metabolism. 

 
Background 

The Israeli Navy's submarine fleet operates at a considerable distance from Israel's 
coastline to achieve tactical and strategic goals for the State of Israel. This is a voluntary service 
which requires the ability to work in cramped conditions, dealing with physical and mental 
pressures, and maintaining a high level of concentration over a prolonged period of time, all this 
in an environment unnatural and hostile to man. Much effort and resources are put into 
improving both mechanical efficiency and human performance in the submarine fleet. To this 
end, new submarines have been acquired, and improvements made in existing submarines, in 
the attempt to meet operational demands, as well as the needs of the submariner. 
     Many countries throughout the world maintain and operate a submarine fleet. Leonardo da 
Vinci was one of the first to design a submerged vessel with human occupants that would not be 
visible on the surface of the water. The first submarines were built of wood. They carried a small 
number of occupants, reaching only the shallowest of depths, and were manually propelled. 
Their purpose was to approach and sink enemy vessels. In time submarines began to be 
constructed of metal with an internal combustion engine, which made it possible to increase the 
submarine's diving depth and carry out longer missions, extending the range of operations and 
carrying a much greater payload and crew. The advent of the nuclear era led to a significant 
change in the capabilities and goals of the submarine. Nuclear powered submarines are 
capable of remaining submerged for an extended period of time due to the immense amount of 
energy available from the nuclear source. They can thus carry crew and weapons over extreme 
distances.  
     A unique range of values determines the composition of the submarine's atmosphere from a 
physiological point of view. The air inside the vessel is monitored and kept within controlled 
physiological limits. (The concentration of oxygen is about 18%, CO2 0-1.2%; levels of 
hydrogen, carbon monoxide, cyanide gases and chlorine are also monitored.) Fresh air is 
introduced into the submarine by "snorkeling" (pumping in air from the surface of the water for 
the operation of the diesel engines and ventilation of the atmosphere). A supply of air and 
oxygen is also available from closed cylinders, 
and the carbon dioxide produced by the 
submariners is removed by CO2 scrubbers.  
     Few studies have been published in the 
literature regarding the physiological changes 
resulting from a prolonged period aboard a 
submarine (59). There are a number of studies 
from the late 1970’s and early 1980’s which raise 
general questions regarding the health of the 
submariner, and a number of studies from recent 
years regarding the psychological and psychiatric 
status of the submariner and the primary care 
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given by non-physician medical staff aboard the submarine (60,61,62). 
     Osteoporosis is a disease characterized by low bone density. A reduction in bone density 
(bone mass per unit volume) diminishes the bone's mechanical strength, thus exposing it to a 
greater risk of fracture. Remodeling is a process that takes place throughout life, creating a 
balance between the formation and absorption of bone. Bone mass reaches a peak at the age 
of 25-30. Bone density in old age is directly dependent on the peak bone mass achieved at age 
25-30, and thus if achievement of the peak bone mass is impaired at an early age, this might 
lead to a deficiency in bone strength in later life and a greater risk of fracture.   
  The principal risk factors for the development of osteoporosis include genetic 
background and sex (female), although a lack of physical activity, nutrition deficiency (a lack of 
calcium, coffee consumption), smoking, pulmonary disease causing respiratory and/or 
metabolic acidosis, as well as other metabolic diseases, and a lack of exposure to sunlight, 
represent central risk factors for injury to the bone tissue. 
     During a prolonged period aboard a submarine, the submariner is exposed to some of these 
risk factors, but with the addition of risk factors specific to the submarine that are liable to result 
in injury to the bone tissue. The submarine is a closed system submerged below the surface of 
the water, which does not permit the exposure to the sunlight required for the production of 
active vitamin D in the skin. The severe space restrictions aboard the vessel do not permit the 
movement and physical activity normally performed by the submariners outside the submarine. 
Nutrition aboard the submarine is not optimal, and some of the crew who work shifts consume 
large quantities of coffee. CO2 concentrations are higher than in the open air, ranging from 0.8 
to 1.2%. 
     A number of studies discuss the relation between lack of exposure to sunlight due to indoor 
confinement, long-sleeved clothing or seasonal sun deprivation, and the need for food 
supplements such as calcium and vitamin D. Most food products do not contain vitamin D (63). 
Vitamin D is produced in the body from cholesterol, is activated in the first instance by the liver 
to become 25-hydroxyvitamin D, and then by the kidneys or the skin via exposure to ultraviolet 
light to become 1,25-dihydroxyvitamin D. The active derivative of vitamin D, 1,25-
dihydroxyvitamin D, keeps serum levels of calcium and potassium within normal limits, ensuring 
mineralization and strengthening of the skeleton, as well as normal muscle function (64,65,66). 
It was found that long-sleeved clothing and indoor confinement cause reduced levels of vitamin 
D and its products (67). One study examined the relation between 25-hydroxyvitamin D levels 
and levels of PTH and cortical bone density in adolescent girls in Finland. It was found that low 
vitamin D levels were correlated with high levels of PTH and low bone density (68). Several 
studies describe an increase in levels of BONE SPECIFIC ALKALINE PHOSPHATASE on 
exposure to sunlight (69,70). When there is a lack of exposure to sunlight, as in persons who 
spend a period of time at extreme latitudes, and other such circumstances, a drop is noted in 
25-hydroxyvitamin D levels (71,72,73,74) and in the secretion of calcium and potassium in urine 
and feces (69,75,76). 
     A unique characteristic that affects the submarine crew is the high concentration of CO2 in 
the inspired air. The relation between high CO2 levels and bone metabolism has been 
investigated in COPD patients (77,66), in persons working in closed spaces (78), and even in a 
simulation of the submarine atmosphere in an isolation chamber (79). It was found that high 
levels of CO2 in the air within the confined space result in reduced secretion of calcium in feces 
and urine, accompanied by a slight increase in the absorption and destruction of bone (79,59). 
     Bone is a metabolically active tissue. In recent years there have been major developments in 
our ability to obtain quality measurement of metabolites which indicate osteoclast and 
osteoblast activity. Markers such as Bone Specific Alkaline Phosphatase (BSAP) and C-
Telopeptide-1 (CTP1) serve as indices for the formation and destruction of bone, and enable us 
to gain a better understanding of the pathophysiology of bone disorders and diseases. A 
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number of studies investigating the lack of exposure to sunlight and its effect on augmented 
bone metabolism and osteoclast activity have examined these markers (70).  
     Additional factors that influence bone strength include the insulin-like growth factor (IGF-I), 
which was found to be correlated with muscle mass and physical fitness and to enhance 
osteoblasts for bone formation. The opposite effect was observed with interleukin 6 (IL-6), a 
proinflammatory factor whose level increases in conditions of infection, inflammation, or other 
stress situations. Interleukin 6 inhibits the activity of IGF-I, impairing the growth of various 
tissues, such as muscle and bone (80). 
 
Hypotheses 
 
1. A prolonged period aboard a submarine will cause a loss of bone strength. 
2. The loss of bone strength will be expressed by a reduction in the marker of  
    bone formation, BSAP, and an increase in the marker of bone destruction,      
    CTP-1, as well as a reduction in the speed of sound conduction through the  
    bone. 
3. The changes in the bone will be accompanied by elevation of IL-6 and  
    a decrease in IGF-I. 
4. In submariners who maintain a higher level of physical fitness, the loss of  
    bone strength will be less pronounced. 
 
Technical Objectives 
 
     The purpose of the proposed study is to investigate, for the first time as far as we know, the 
influence of a prolonged period aboard a submarine on bone strength (on markers of bone 
destruction and formation), while also trying to examine variables that are likely to affect these 
changes (physical fitness, weight, nutrition, stress). We presume that the extraordinary 
combination of factors prevailing in the submarine, a lack of physical activity, sunlight 
deprivation, and exposure to high levels of carbon dioxide, will cause significant changes in 
subjects' bone metabolism and bone strength.  
 
Military Relevance 
 

A combination of factors prevailing in the submarine, a lack of physical activity, sunlight 
deprivation, and exposure to high levels of carbon dioxide, will cause significant changes in 
subjects' bone metabolism and bone strength.  These changes in bone metabolism and bone 
strength will lead to decreased physical performance. 
 
 

Project 7 - Effects of Physical Training and Iron Status on Body Composition, Muscle Function, 
and Bone Health in Rats. 
 
Background 
 

Iron is a nutritionally essential trace element known to impart a series of critical biological 
functions through its incorporation into proteins and enzymes.  Perhaps the best known function 
of iron is through its incorporation into heme-containing proteins, including hemoglobin for 
oxygen transport, myoglobin for muscle oxygen storage, and cytochromes for ATP production.  
Iron is also known to incorporate into a series of nonheme enzymes, including NADH 
dehydrogenase and succinate dehydrogenase, which are required for the electron transport 
chain and function in energy metabolism (81).  Other enzymes catalyzing energy metabolism 
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that require iron for biochemical function include catalase, aconitase, phosphoenolpyruvate 
carboxykinase, and ribonucleotide reductase.   

Despite the fact that iron metabolism has been well studied and that many of the factors 
leading to iron deficiency have been identified, iron deficiency continues to be the most common 
nutritional deficiency disorder worldwide (82-83).  Iron deficiency occurs in stages, beginning 
with the depletion of body iron stores, and eventually resulting in depressed production of 
hemoglobin, resulting in anemia.  Iron deficiency could be of great concern to military personnel 
because of known effects on immune function, cognitive development and behavior, energy 
metabolism, and work capacity. 
 
Hypotheses 
 

We will test the hypothesis that increased physical training, independent of dietary iron 
level, will have a negative impact on iron status.  Animals with diminished iron status will display 
decrements in body composition, bone health and muscle function.  Changes in body 
composition may include reduced accretion of lean body mass and diminished bone mineral 
content, which may be associated with reduced bone mass and strength.  Decrements in 
muscle function may include reduced contractile force.  Furthermore, changes in muscle 
function will be associated with differential expression of genes sensitive to iron status and 
physical training.  
 
 
Technical Objectives 
 

1. To determine the effect of physical training on iron status in animals fed iron adequate 
and/or iron deficient diets. 

2. To assess the effects of physical training and iron status on body composition, muscle 
function, and bone health.  

3. To identify molecular markers of muscle function and iron status in animals subjected to 
physical training. 

4. To compare the differential effects of iron status and physical training on body 
composition, muscle function, and bone health in male and female rats.   

 
Military Relevance 
 

Iron deficiency is the most prevalent micronutrient deficiency disease in the world, 
affecting up to 2 billion people (82-83).  Although iron deficiency and its anemia occur at greater 
rates in developing countries, a significant prevalence continues to be observed in the US, 
especially among young women.  The prevalence of iron deficiency and iron deficiency anemia 
in female military personnel upon initial entry to the US Army is reflective of the American 
population, although BCT seems to impart a negative impact.  In fact, the prevalence of iron 
deficiency and iron deficiency anemia increase by 2.4- and 3.6-fold, respectively, in enlisted 
female military personnel immediately following BCT (84).  Although the specific causes of 
diminished iron status in these women have not been identified, it is likely that changes in 
dietary iron intake, food preference, and physical activity are contributing factors. 

In the present study we will determine the effects of iron status and endurance exercise 
on body composition, muscle function, and bone health in a rat model.  Data gleaned from this 
study will provide insight into the specific independent and interactive effects of iron status and 
endurance exercise on a number of functional and biochemical measures, thereby contributing 
to our understanding of these factors during military training.  Furthermore, this study will 
provide data contributing to the formulation of nutritionally optimization of rations designed to 
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provide levels of dietary iron necessary to support the body composition, muscle function, and 
bone health required of the modern Warfighter.  
 
 
 
Project 8 - Efficiency of casein-whey drink for optimizing plasma amino acid availability 
 
Background 
 

Exercise significantly impacts protein metabolism.  In general, protein breakdown and 
amino acid oxidation increase during exercise, with a compensatory increase in protein 
synthesis during recovery.  The increase in protein synthesis during post-exercise recovery 
improves net protein balance (protein synthesis – protein breakdown), but, is dependent on 
nutrient availability.  Provision of nutrients leads to positive net protein balance, and subsequent 
accretion of lean body mass (85).   
 Dietary amino acids (AA), provided via infusion (86-87) or orally (88-91), stimulate 
skeletal muscle protein synthesis.  Furthermore, exercise and hyperaminoacidemia appear to 
have an additive effect, in that muscle protein synthesis is significantly greater when a bout of 
exercise precedes amino acid provision, compared to providing amino acids during resting 
conditions (86).  Both essential and non-essential amino acids influence net skeletal muscle 
protein turnover following resistance exercise, but only the essential amino acids (EAA) are 
necessary to elicit an increase in protein synthesis (87,90).  For practical purposes, EAA are too 
expensive to include in military rations and impart adverse tastes to food.  Our goal is to identify 
natural proteins that best stimulate synthesis and attenuate degradation, yet are inexpensive, 
shelf-stable and good tasting.  CAS and WP are naturally occurring proteins, containing EAA, 
and can be isolated from milk into a powder form.  These are viable options for the formulation 
of a supplement.      

The metabolic response to consuming CAS and WP differ, with each protein eliciting 
unique time-dependent changes in AA concentrations in blood due to differences in their 
digestion from the stomach (e.g. CAS is released slowly, WP empties rapidly) (92-93).  WP 
ingestion produces a fast and large increase in plasma AA concentrations; however, the 
duration is short (Figure 1).  In contrast, CAS exhibits a less pronounced but more prolonged 
increase in plasma AA.  The plasma amino acid responses of these proteins further result in 
differing rates of protein synthesis and protein breakdown.  Protein synthesis is stimulated to a 
greater degree (68%) with WP, compared to the slight increase elicited by CAS (94).  However, 
CAS induces a marked decrease in protein breakdown (~30%) compared to WP (94).  Thus, a 
single meal of CAS (a “slow” protein) versus WP (a “fast” protein) results in a more positive net 
protein balance when administered at rest (94). 

The administration and subsequent measurement of labeled leucine or phenylalanine 
concentration changes in blood over time is a common method to assess protein metabolism.  
Tipton et al (95) reported that leucine uptake by the leg muscle was greater for WP (versus 
CAS), however WP also results in increased amino acid oxidation (94).  Additionally, Tipton et 
al. (95)  administered labeled phenylalanine, since it is not oxidized by the muscle and its 
disappearance is solely due to incorporation into body proteins.  Phenylalanine disposal was 
~35% greater for CAS than WP (P=0.06) suggesting CAS may be more effective than WP for 
stimulating protein accretion after resistance exercise.  Although this finding was not statistically 
significant, it suggests that more research is needed to elucidate whether CAS has advantages 
versus WP.   

While the aforementioned studies examined the response of CAS and WP feeding 
exclusively, these proteins are normally packaged with other macronutrients in a convenient, 
eat-on-the-move form.  Literature suggests that the addition of carbohydrates and fat affects 



 

 21 

digestion and absorption rates, thereby altering the effect on protein utilization (94).  When CAS 
and WP are fed with carbohydrates (0.75 g/kg body weight) and fat (0.13 g/kg body weight), the 
differences in both protein digestion rate and protein gain are attenuated.  However, WP is still 
more rapidly absorbed, and net protein gain remains more elevated with CAS (94).   

 
Advantages of feeding CAS, versus WP, have also been demonstrated in a practical 

setting employing a resistance training program.  Volunteers consuming CAS supplements as 
part of a high protein (i.e. 1.5 g protein/kg body weight/day) and hypocaloric diet (75-85% of 
predicted kcal requirements) exhibited significantly greater fat loss (7.0 kg vs. 4.2 kg), lean 
mass gains (4.0 kg vs. 1.4 kg), and strength gains (59% vs. 29%) (96).  Furthermore, nitrogen 
retention was improved in volunteers consuming CAS supplements as part of this weight loss 
program employing resistance exercise (96).  

Milk contains a combination of CAS (~80%) and WP (~20%), and is highly digestible and 
has the highest quality protein score (97).  It has been demonstrated that milk produces a 
unique blood profile that captures the combined effects of WP and CAS.  Specifically, milk 
produced the rapid increase in amino acids seen with WP as well as the abrupt insulinotropic 
effect; however the magnitude was lower.  In addition, milk produced a blood glucose-
dependent insulinotropic polypeptide response similar to that produced by CAS which is much 
lower than WP.  Other investigators have further demonstrated that supplementation with milk, 
results in greater stimulation of AA uptake and net protein deposition compared to hydrolyzed 
soy protein (98).   

Shelf and taste stability issues currently prevent the use of milk in combat rations.  
However, it would be advantageous to reproduce the amino acid and hormone (i.e. insulin and 
GIP) responses demonstrated by milk.  We believe that the test drink (i.e. composed of 85% 
CAS and 15% WP hydrolysates) should perform like milk in regards to the proposed outcome 
measures; however, this has not been experimentally tested.  This proposal will compare a 
carbohydrate beverage containing a combination of CAS-WP to carbohydrate beverages 
composed of either CAS-only or WP-only. 
 
 
Hypotheses 
 
 Phase 1: At Rest 

1. CAS-WP’s initial (~0-120 min) postprandial areas under the curve (AUC) for amino acids 
will be lower than WP, but higher than CAS. 

2. CAS-WP’s latter (~120-240 min) postprandial AUC for amino acids will be higher than 
WP, but lower than CAS.    

3. CAS-WP’s initial (~0-120 min) postprandial AUC for insulin will be similar to WP and 
higher than CAS. 

4. CAS-WP’s initial (~0-120 min) postprandial AUC for glucose-dependent insulinotropic 
polypeptide (GIP) will be lower than WP. 

 
Phase 2: Post-Exercise 

1. CAS-WP’s initial (~0-120 min) postprandial areas under the curve (AUC) for amino acids 
will be lower than WP, but higher than CAS. 

2. CAS-WP’s latter (~120-240 min) postprandial AUC for amino acids will be higher than 
WP, but lower than CAS.    

3. CAS-WP’s initial (~0-120 min) postprandial AUC for insulin will be similar to WP and 
higher than CAS. 

4. CAS-WP’s initial (~0-120 min) postprandial AUC for glucose-dependent insulinotropic 
polypeptide (GIP) will be lower than WP. 
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Technical Objectives 
 
Phase 1: At Rest 
 Evaluate the postprandial effect of three different eucaloric nutritional supplements 
containing the same macronutrient ratio, but different protein sources (i.e. CAS-WP contains 
85% CAS/15% WP, CAS contains 100% CAS and WP contains 100% WP) on plasma amino 
acids, insulin, blood glucose, and glucose-dependent insulinotropic polypeptide (GIP) 
concentrations.   
Phase 2: Post-Exercise  
 Evaluate the postprandial effect of three different eucaloric nutritional supplements 
containing the same macronutrient ratio, but different protein sources (CAS-WP: 85% CAS/15% 
WP, CAS contains 100% CAS and WP contains 100% WP) on plasma amino acids, insulin, 
blood glucose, and glucose-dependent insulinotropic polypeptide (GIP) concentrations 
immediately after an exercise bout.  
 
 
Military Relevance 
 

This research addresses USARIEM ATO IV.MD.2005.02 (Nutritionally Optimized First 
Strike Ration).  It is necessary to test the scientific efficacy of lightweight, efficient, nutritionally 
complete, eat-on-the-move ration components that will sustain warrior performance during high 
intensity missions. The shelf-stability requirements established for combat rations are not met 
by milk or commercially-available beverage supplements.  A supplement developed by the 
Combat Feeding Directorate (Soldier Systems Center, Natick, MA) meets these rigorous shelf-
life specifications but whether it offers the advantages of milk (compared to whey- or casein-only 
products) remains to be tested.  This protocol will evaluate three protein beverage formulations 
for their ability to produce a blood milieu that is apparently optimal for stimulating protein 
synthesis and attenuating protein oxidation and degradation.   

 
 We provide below the background information for each of the tasks that are funded in 
this award. 
 
1. Background - Task 1:  Clinical Laboratory for Human Samples 
 
 The clinical laboratory provides support for military nutrition research by providing the 
following services: 
 
 a. assistance with protocol development 
 b. sample collection and processing on-site or in  a field setting 
 c. sample analysis 
 d. new method development 
 e. assistance with manuscript publication 
 
  The laboratory is accredited by the Health Care Financing Administration (HCFA) and 
the College of American Pathologists (CAP) and participates in the lipid standardization 
program of the Centers for Disease Control.  Good Laboratory Practices guidelines are being 
followed in the laboratory.  The Clinical Research Laboratory is staffed by licensed medical 
technologists, phlebotomists, and accessioners.   
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  The laboratory is well-equipped for performing routine and specialized tests on clinical 
subjects.  In 2006 over 250 different analytical procedures involving 625,000 tests were 
performed by the lab. The laboratory is comprised of 5 departments:  chemistry, special 
chemistry, point of care testing, hematology, and urinalysis.  Testing is performed on a variety of 
specimen types including blood, urine, sweat, saliva, and feces.   The Facilities Description in 
the Appendix provides a complete list of tests that are available in the Clinical Laboratory. 
 
2. Background - Task 2:  Stable Isotope Laboratory  
 
 The research conducted by the Stable Isotope Laboratory is in the area of energy and 
water requirements, and changes in body water, of soldiers, often under harsh environmental 
conditions.  The method used to determine energy requirements is the doubly labeled water 
(DLW) technique, which involves oral administration of water labeled with the stable isotopes, 
2H and 18O.  Saliva and urine samples are then obtained for periods of four to 14 days, longer 
with redosing.  Water intake can be determined using only the 2H labeled water.  The use of 
doubly labeled water for measurement of energy expenditure was developed as a field 
technique for use in small animals (99)*.  The method is based on the premise that after a  
loading dose of 2H2

18O, 18O is eliminated as CO2 and water, while  deuterium is eliminated from 
the body as water.  The rate of CO2  production, and, hence, energy expenditure, is calculated 
from the difference of the two elimination rates.  The only requirement of subjects is to give  
urine and saliva specimens before and after drinking an initial dose of 2H2

18O, and then return in 
one to two weeks to give a final urine specimen.  During the period between the two urine and 
saliva samplings, subjects are free to carry out their normal activities and are not required to 
maintain extensive diaries.  The doubly labeled water method has been extensively validated in 
humans under controlled settings (100), but there are confounding factors that need to be 
considered in field studies, particularly in Army Field Studies.  Among these are change in 
location or food and water supply immediately preceding, or during an energy expenditure 
study.  These changes may cause a change in baseline isotope abundance and, therefore, 
interfere with the accuracy of the energy expenditure measurement.  This has occurred in a 
previous field training exercise involving the study of the MRE and RLW rations (101).  This is a 
particular problem with studies such as the Ranger Training Studies (102), in which soldiers are 
moved to different parts of the country during the study.  Therefore, a group not receiving 
labeled water must be followed to make any corrections in baseline isotope shifts.  
 
 Hydration status is another main focus for some Army studies.  Using the cheaper and 
more readily available deuterium tracer, either changes in total body water (103-104) can be 
followed during a study, or water turnover (intake) (105-106) can be measured during a study. 
 
 One advantage of the DLW method is that it uses stable isotopes so there is no radiation 
exposure.  The method uses two heavy isotopes of water, which are naturally occurring in food 
and water.  There are no known side effects of either isotope at the doses given in DLW studies 
and has been used extensively to study energy expenditure during pregnancy (107-108) 
lactating women (109), and infants for measurement of energy expenditure and human milk 
intake (110-112). 
 

In addition to the DLW studies, the PBRC Stable Isotope lab has provided analytical and 
technical support to examine protein turnover and gluconeogenesis using stable isotope tracer 
technology in a clinical protocol examining the effects of protein supplementation during caloric 
restriction (Project 1).  The purpose of the study is two fold: 1) to determine if, during increased 
energy expenditure, physically fit individuals exhibit a smaller, larger, or equivalent increase in 
protein requirement as sedentary individuals and 2) to determine if, during periods of heavy 
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physical activity and inadequate intake, an increase in protein intake will enhance conservation 
of whole-body protein content.     
 

The lab determined the appropriate methods to quantitate glucose appearance, 
disappearance (6,6 d2 glucose) and gluconeogenesis (2-

13C glycerol).  The laboratory also 
decided on the appropriate tracers to quantitate protein synthesis (15N phenylalanine, 2,3,5,6 D4 
tyrosine, and 15N tyrosine).   

 
 
3. Background - Task 3:  Nutrient Database Laboratory  

 
Assessing dietary intake is essential in determining the soldier’s nutritional needs and 

how those needs interface with other aspects of military performance.  PBRC currently 
participates in field studies planned and conducted by the Military Nutrition Division of 
USARIEM by providing assistance with and analysis of dietary intakes collected during military 
field studies.  That participation includes the following: 

• Support for USARIEM field studies requiring data collection and data entry needs 
• Support for PBRC in-house Military Nutrition Tasks 
• Continued programming efforts directed toward meeting computer needs of both  

USARIEM and PBRC Military Nutrition Tasks 
 
 The Nutrient Database Integration Laboratory provides essential services for military 
operations.  This Task oversees the operation of MiDAS, the database containing nutrient 
information for all operational rations, in addition to the USDA Standard Reference Foods and 
the USDA Food Survey Database food files.  The Task provides critical support to studies which 
seek to improve soldier nutrition in a variety of field settings.  The Laboratory is currently 
integrating all Armed Forces Recipes, special formulations (MREs) and other food formulations 
merged into one centralized database system at PBRC to be maintained and updated for 
USARIEM’s use.  This project is entitled "MRE Nutrient Composition: Integrating MREs into the 
Army Database Files" and the PI is Dr. Andrew Young. 
 
 The Task Leader and her staff are proficient in all aspects of nutritional intake 
assessment, including the Food Frequency Questionnaire, Food Diary Analysis, and Dietary 
Recall.  The Leader and staff have been trained in the USDA multiple pass methodology.  The 
Task Leader is a trained food scientist and has unsurpassed knowledge of nutrient database 
operations.   
 
4. Background - Task 4:  Metabolic Unit Services 
 
 In 1993 the PBRC Metabolic Unit was used for a special inpatient study.  A description 
of this experience serves to illustrate how other studies might be developed to address military 
problems. 
 
 The PBRC served as the site for two research cohorts of U.S. Army Rangers. That 
project was, "Assessment of Intra- and Inter- Individual Metabolic Variation in Special 
Operations Forces Soldiers."  The PI for the project was Ms. T. E. Jones, affiliated with the 
Military Nutrition Division at USARIEM.  Co-Investigators were C. Gabaree, Lt. Col. T. C. 
Murphy, Donna Ryan, M.D., and E. Brooks, R.N., M.N. 
 
 The purpose of the study was to evaluate a group of Special Operations Forces (SOF) 
volunteers to determine the metabolic variation during rest, exercise and post-exercise recovery 
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of the individual soldiers.  On June 11, 1993, 10 SOF soldiers arrived to serve as the first cohort 
for testing.  Army personnel at the PBRC included Tanya Jones (PI), Sven Ljamo, M.D. (Medical 
Monitor), Catherine Gabaree (Exercise Physiologist), Lt. Col. Cliff Murphy (Dietitian) and three 
civilian spotters for exercise testing.  The first cohort of military volunteers and civilians left the 
PBRC on July 1, 1993.  There were minimal complications that occurred in the SOF volunteers 
(subungual hematomas, muscle soreness, and poison ivy dermatitis).  All procedures were 
carried out safely and satisfactorily.  A mid-course correction session at the end of the first 
cohort stay resulted in minor procedure adjustments.  From July 9-24, 1993, 10 members of the 
SOF from the 10th SFG at Fort Devens, Massachusetts participated in the study.  All 
procedures were carried out safely and satisfactorily.  
  
 The Metabolic Unit project demonstrated that carbohydrate loading produced increments 
in physical performance in SOF soldiers.  However, the variation between individual soldiers 
was not great enough to support developing individualized carbohydrate supplements.  As a 
result of this work, the SOF did not pursue a plan to develop individualized soldier supplements 
for SOF.  Therefore, this lack of metabolic variation does not mean that carbohydrate loading 
would not be effective and the military will pursue carbohydrate loadings for high intensity 
exercise operations for our SOF soldiers. 
 

The PBRC Metabolic Unit was also used for studies on sleep deprivation (113-114 ).  
These included a comparison of tyrosine, against phentermine, caffeine, and d-amphetamine 
during sleep deprivation with analysis of effects on sleep and on cognitive and motor 
performance.  PBRC has also been a site for a clinical study for the evaluation of minimal or 
non-invasive methods for field assessment of nutritional and metabolic status. Cpt. Mark 
Kellogg served as the PI for this project.  We have been asked by USARIEM to continue this 
project's availability for the upcoming grant cycle and have plans to expand our facilities to 
magnetic resonance spectroscopy studies to accommodate projects in 2006 and beyond.   
 

We are expanding our Metabolic Unit capabilities with a multinuclear magnetic 
resonance system, installed in this year and described in this report.  The system operates at 
strength of 3.0 Tesla and sets a new standard for state-of-the-art in situ biochemistry and 
imaging. The system contains multiple expandable channels and high bandwidth receivers that 
ensure unparalleled image reconstructions from all pulse sequences.  The multinuclear system 
allows for the tracing of hydrogen, carbon, and phosphorus atoms within biological molecules 
such as glucose and fatty acids. 
 

This instrument is critical for the development of research protocols that will determine 
the optimal nutrients for military performance.  Similarly, this instrument can be used to probe 
the basic biochemistry of the cell, evaluate ergonomic aids, and identify defects in cellular 
metabolism that are related to peak physical performance.  This technology is not currently 
available within the DoD research environment and will provide state-of-the-art capabilities in 
military nutrition research.  Peak physical performance is required for the elite warfighter.  At its 
core, physical performance is the utilization of nutrients to perform work.   Most of our 
knowledge of the energy producing mitochondria comes from animal studies or ex-vivo studies.  
This is obviously an artificial situation.  The emerging field of magnetic resonance spectroscopy 
allows us to probe the biochemistry of the cell in vivo in a non-destructive manner, with no 
radiation and during the performance of work.  These kinds of studies are important, because 
our understanding of how nutrients influence cellular bioenergetics in-vivo is weak.   
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Key Research Accomplishments 
 
 
Task 1 - Clinical Research Laboratory for Human Samples  
 
 

• Recertification by the College of American Pathologists. 
 
• Continued excellence in the Centers for Disease Control lipid standardization program. 

 
• Completion of blood, saliva, sweat, and fecal testing for Project 1. Specifically, the 

following tests were completed:  glucose, creatinine, blood urea nitrogen, cortisol, growth 
hormone, insulin, free fatty acids,  beta hydroxybutyrate, glucagon, and IGF-1, 
epinephrine, norepinephrine, urine creatinine, urine total nitrogen, urine urea, urine 
epinephrine, urine norepinephrine, sweat total nitrogen, and fecal total nitrogen.  A total 
of 2604 assays were completed for this project.  

 
• Completion of blood testing for Project 3.  Specifically, the following tests were 

completed:  albumin, bone alkaline phosphatase, calcium, CTP, IL-1B, IL-6, PINP, 
parathyroid hormone, TNFa, tartrate resistant acid phosphatase, and vitamin D.  A total 
of 6105 assays were completed for this project. 

 
• Completion of blood testing for Project 4.  Specifically, the following tests were 

completed:  AST, beta hydroxybutyrate, blood urea nitrogen, free fatty acids, glucose, 
glycerol, prealbumin, and retinol  binding protein.  A total of 288 assays were completed 
for this project. 

 
• Completion of blood testing for Project 5.  Specifically, the following tests were 

completed:  iron, total iron binding capacity, transferring saturation, ferritin, zinc 
protoporphyrin, and soluble transferring receptor.  A total of 1385 assays were 
completed for this project. 

 
• Completion of onsite collection and processing at Fort Jackson, SC  for Project 6.  

Completion of blood testing for Project 6.  Specifically, the following tests were 
completed:  albumin, bone specific alkaline phosphatase, calcium, CTP, PINP, 
parathyroid hormone, tartrate resistant acid phosphatase, and vitamin D.  A total of 512 
assays were completed for this project. 

 
• Completion of blood testing for Project 7.  Specifically, the following tests were 

completed:  ferritin, iron, total iron binding capacity, % transferrin saturation and soluble 
transferrin receptor.  A total of 200 assays were completed for this project. 

 
• Partial completion of blood  testing for Project 8.  Specifically, the following tests were 

completed: glucose, BHBA, glycerol, free fatty acids, insulin, and GIP.  A total of 2292 
assays were completed for this project. This project is ongoing and will continue 
throughout the next year. 

 
 



 

 27 

 
 
Task 2 - Stable Isotope Laboratory 
 

• Completion of saccharic acid, glucose, and amino acid assays for 20 subjects. Work is 
continuing on the remaining 10 subjects. 

• Completion of all assays for project 4.  Total body water determination and water 
turnover studies were performed for 10 subjects. 

• Completion of all assays for project 5.  Total body water determination and water 
turnover studies were performed for 26 subjects.   

 
The PBRC has added Jean-Marc Schwarz, PhD as a consultant (see cv in appendix). Dr. 
Schwarz is providing expertise in using stable isotopes as tracers to measure 
gluconeogenesis. 

 
 
Task 3- Nutrient Database Laboratory 
 

• Continued development of MENu and MiDAS applications for Military Nutrition use. 
• Further development of digital photography methodology for use in dietary assessment 

of soldiers’ intakes. 
 

Although we have not been asked to support any field studies and have been advised that 
there are not studies in planning, we continue to update and enhance our database capabilities 
to support studies, either through participation in the field or utilization of the internet as a more 
efficient means of access to the MENu and MiDAS databases.  We can incorporate the digital 
photography methodology for dietary assessment of soldiers’ intake for use when relevant 
studies are in the planning stages.  Modification of this methodology and work on internet 
application of the databases and software programs developed for military nutrition efforts has 
continued. 
 
 
Task 4 – Metabolic Unit Services 
 

• 31P ATP synthesis rates by phosphocreatine turnover and resting ATPase completed 
and running. 

• Body composition and 1H intramyocellular lipid spectra developed and running.   
 

Although there are no currently active metabolic unit studies that we are supporting we 
continue to update and enhance our capabilities to support future studies through the 
development of advanced imaging resources.  We are also working to further enhance our 
capabilities in skeletal muscle mitochondrial function through the finalizing and validating the 31P 
ATP synthesis rate measurement and have incorporated optical spectroscopy to measure 
oxy/deoxyHb oxy/deoxyMb [oxygen consumption] in order to directly measure P/O ratios.  
These are now operational and validation studies are in progress. 

We have renovated a space in the outpatient clinical research facility to house a new 
Echo MRI, which will be installed in 2007.  The PBRC imaging facilitites now include DEXA, 
BodPod, echocardiography, a 3T MRI/MRS, and the soon to be installed Echo MRI. 
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The metabolic kitchen at PBRC has undergone administrative restructuring to 
incorporate the following functions:  delivery of controlled feeding study diets, inpatient unit food 
service delivery, food intake assessments, and food hedonic assessments.  

The PBRC added Timothy Church, MD, PhD to the faculty ( see CV in appendix ). Dr. 
Church has organized an Exercise Testing Core facility and oversees the exercise facility and 
the delivery of exercise interventions in that unit. 
 
 
   
Reportable Outcomes 
 
Task 1 
 
Manuscripts 
 

Nindl B, Alemany H, Kellogg M, Rood J, Allison S, Young A, Montain S.  Utility of insulin-like 
growth factor-I as a biomarker for assessing short-term metabolic stress in healthy men.  AJCN 
(submitted), 2006. 
 
Task 2 
 
Abstracts 
 

1. McClung, H., Karl, J.P., Bathalon, G.P., Smith, T.J., Sigrist, L.D., Rood, J.C., and Young, 
A.J.  Monitoring energy intake and expenditure:  A PDA provides accuracy comparable 
to written records.  NAASO, 2006. 

 
2. Sigrist, L.D., McClung, H.L., Smith, T.J., Karl, J.P., Bathalon, G.P., Rood, J.C. and 

Young, A.J.  Use of a PDA to record energy intake:  The minimum recording period for 
reliable assessment.  NAASO, 2006. 

 
3. Smith, T.J., Karl, J.P., Bathalon, G.P., McClung, H.L., Sigrist, L.D., Rood, J.C., and 

Young, A.J.  Actical accelerometer provides similar energy expenditure as doubly 
labeled water in free living volunteers.  NAASO, 2006. 

 
4. McClung, J.P., Karl, J.P., Corum, J.C., Williams, K.W., Rood, J.C., Young, A.J., and 

Leiberman, H.R.  Longitudinal changes in iron status of enlisted female soldiers during 
basic combat training.  FASEB (submitted), 2007. 

 
Task 3 
 
None 
 
Task 4 
 
None 
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Conclusions 
 
Task 1 
 
 The clinical research laboratory and food analysis laboratory continue to provide 
valuable support services to enhance nutrition research in the military.  The laboratory plays an 
important role in furthering the knowledge concerning nutrition in the military by providing 
routine and esoteric testing, custom method development, assistance with testing and collection 
protocols, field assistance with blood collection and processing, and collaboration on protocols.  
 
Task 2 
 
 The Stable Isotope Laboratory continues to provide valuable support services to 
enhance nutrition research in the military.  The laboratory plays an important role in furthering 
the knowledge concerning nutrition in the military by providing research expertise and sample 
analysis in the area of energy and water requirements, and changes in body water.  In addition 
to the labeled water techniques, the laboratory plays a key role in furthering knowledge on 
protein turnover and gluconeogenesis using stable isotope tracer technology. 
 
Task 3 
 
 We continue to position ourselves to expedite efforts on our end to incorporate state of 
the art technology for use in field trials in the Military Nutrition Division of USARIEM.  We have 
developed a system that can meet the needs of field experiments in a timely manner.  We will 
be ready to support future studies with very little lead time. 
 
 
Task 4 
 
 We anticipate additional development of the MRS system over the next year and 
becoming fully operational for mitochondrial measurements in about six months. 
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Research Directions and Strategies.  Sponsored by Centers for Disease Control and 
Prevention and University of South Carolina, Prevention Research Center. 2000 

  
2nd Place, Martti J. Karvoven Young Investigator Award, International 16th Puijo 
Symposium, Koupio, Finland. 2001 
 
Jeremiah and Rose Stamler Research Award for New Investigators, 42nd Annual 
American Heart Association Conference on Cardiovascular Epidemiology and 
Prevention, Honolulu, Hawaii, April 2002 

 
Member of Physical Activity Committee of the Council on Nutrition, Physical Activity and 
Metabolism. American Heart Association. 2005 to present 

 
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) grant 
reviewer.  Special Emphasis Panel (ZDK1-GRB8-M1) evaluating applications (RO3s) 
submitted in response to the Program Announcement PAR-01-056 entitled "Small 
Grants in Digestive Diseases and Nutrition’. April 2004, July 2004, Dec 2005 

 
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) grant 
reviewer.  Special Emphasis Panel evaluating applications (RO1s) submitted in 
response to the RFA DK-03-022 entitled " Ancillary Studies to Obesity-Related Clinical 
Trials". March 2005 
 
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) grant 
reviewer. National Institutes of Health Clinical/Pediatric Research Loan Repayment 
Program. March 2006 

 
Peer reviewer for Journal of American Medical Association, Circulation, Medicine & 
Science in Sports and Exercise, American Journal of Preventive Medicine, Journal of 
Applied Physiology, Obesity Research, American Journal of Cardiology, Preventive 
Medicine  

 
Miscellaneous Grants, Presentations, and Publications 
 

“What We know about Preventing Obesity”: A presentation to the Louisiana Department 
 of Health and Hospitals Ad Hoc Committee on Obesity, which was created to develop a 
 scientifically based report on obesity for the Louisiana Legislature. 1999. 

 
Co-Author: Louisiana CVD Grant to build capacity.  A successful $300,000 CDC grant to 

 build capacity to fight cardiovascular disease in Louisiana. 1999. 
 
        AUTHOR OF STATE OF THE HEART REPORT, CVD IN LOUISIANA: AN AMERICAN   

HEART ASSOCIATION FUNDED REPORT DESCRIBING THE CVD BURDEN AND 
EPIDEMIOLOGY IN LOUISIANA.  12,000 COPIES WERE DISTRIBUTED ACROSS 

LOUISIANA AND A WEB SITE CREATED. 2000. 
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Invited Speaker, Defense Advanced Research Projects Agency (DARPA).  Role of 
cytokines in extreme human performance. 

 
Invited Speaker, Congress of the United States-Committee on Government Reform: 
Diet, Physical Activity, and Dietary Supplements- the Scientific Basis For Improving 
Health, Saving Money and Preserving Personal Choice. July 25, 2002 

 
Activities 
 Two-time finisher of Ironman distance triathlons 
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1989 International Foundation for the  
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PUBLICATIONS 
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1. Schwarz J-M; Y Schutz; F Froidevaux; KJ Acheson ; N Jeanpretre; H Schneider; JP Felber; 

and E Jequier: Thermogenesis in men and women induced by fructose vs glucose added to 
a meal.  Am J of Clin Nutr  49(4):667-74, 1989. 

2. Schwarz J-M, Y Schutz, V Piolino, H Schneider, JP Felber and E Jéquier: Thermogenesis 
in obese women:  effect of fructose vs glucose added to a meal. Am J Physiol  262:E394-
E401, 1992. 

3. Schwarz J-M, KJ Acheson, L Tappy, V Piolino, MJ Muller, JP Felber and E Jéquier: 
Thermogenesis mechanisms and fructose metabolism in humans. Am J Physiol  262:E591-
E598, 1992. 

4. Hellerstein MK, RA Neese, and J-M Schwarz: Model for measuring absolute rates of 
hepatic de novo lipogenesis and re-esterification of free fatty acids.  Am J Physiol  
265:E814-E820, 1993. 

5. Romijn, JA, D Chinkes, J-M Schwarz, and RR Wolfe: Lactate-pyruvate interconversion in 
blood: implications for in vivo tracer studies.  Am  J  Physiol  266:E334-E340, 1994. 

6. Hellerstein, MK, NL Benowitz, RN Neese, J-M Schwarz, R Hoh, P Jacob, J Hsieh and D 
Faix: Effects of cigarette smoking and its cessation on lipid metabolism and energy 
expenditure in heavy smokers. J Clin Invest 93:265-272, 1994. 

7. Schwarz J-M, RA Neese, D Dare, SM Turner, and MK Hellerstein: Short-term alterations in 
carbohydrate energy intake in humans. J Clin Invest 96:2735-2743, 1995. 

8. Neese RA, J-M Schwarz, D Faix, S Turner, A Letscher, D Vu and MK Hellerstein: 
Gluconeogenesis and intrahepatic triose phosphate flux in response to fasting or substrate 
loads.  J Biol Chem   270(24):14452, 1995. 

9. Hellerstein MK, A Letcher, J-M Schwarz, D Cesar, CHL Schackleton, S Turner, RA Neese, 
K Wu, S Block, and S Kaempfer: Measurement of rate of appearance of hepatic UDP-
glucose in vivo in rats: relation to glycogen deposition and labeling patterns.  Am J Physiol  
272:E155-E162, 1997. 

10. Hellerstein MK, RA Neese, J-M Schwarz, S Turner, D Faix , and K Wu: Altered fulxes 
responsible for reduced hepatic glucose production and gluconeogenesis by exogenous 
glucose in rats.  Am J Physiol  272:E163-E172, 1997. 

11. Gastaldelli, A, J-M Schwarz, E Caveggion, , L Traber, D Traber, J Rosenblatt, G Toffolo, C 
Cobelli and R Wolfe: Modeling in physiology:  Glucose kinetics in interstitial fluid can be 
predicted by compartmental modeling.  Am J Physiol  272:E494-E505, 1997. 

12. Tappy L, J-M Schwarz, P Schneiter, C Cayeux, J-P Revelly, CF Fagerquist, E Jequier, and 
R Chiolero:  Effects of isoenergetic glucose-based or lipid-based parenteral nutrition on 
glucose metabolism, de novo lipogenesis, and respiratory gas exchanges in critically ill 
patient. Crit Care Med  26 (5):860-867, 1998. 

13. Fagerquist CK and J-M Schwarz: Gas-phase acid/base chemistry and it’s effects on mass 
isotopomer abundance measurements of biomolecular ions. J Mass Spectrom 33:144-153, 
1998. 

14. Tappy L, MM Berger, J-M Schwarz, M McCamish, J-P Revelly, P Schneiter, E. Jequier and 
R Chiolero:  Hepatic and peripheral glucose metabolism in intensive care patients receiving 
continuous high or low carbohydrate enteral nutrition. Jpen-Parenter Enter 23: 260-268, 
1999. 

15. Schwarz J-M, R Chiolero, J-P Revelly, C Cayeux, P Schneiter, E Jequier, T Chen, and L 
Tappy:  Effects of enteral carbohydrates on de novo lipogenesis in critically ill patients. Am J 
of Clin Nutr. 72(4):940-5,  2000 
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16. Loe YC, N Bergeron, N Rodriguez, and J-M Schwarz. A gas chromatography mass 
spectrometry method to quantify blood hydroxycitrate concentration. Anal Biochem 292 (1): 
148-154 2001.  

17. Noor M, JC Lo, K Mulligan, J-M Schwarz, R Halvorsen, M Schambelan, and C Grunfeld. 
Metabolic effects of indinavir in healthy HIV seronegative men. Aids 15 (7): F11-F18, 4 2001 

18. Battilana P, K Ornstein, K Minehira, J-M Schwarz, K Acheson, P Schneiter, J Burri, E 
Jequier, and L Tappy.  Mechanisms of action of ß-glucan in postprandial glucose 
metabolism in healthy men. Eur J Clin Nutr 55 (5): 327-333, 2001.  

19. Lo JC, K Mulligan, M Noor, J-M Schwarz, RA Halvorsen, C Grunfeld, and M Schambelan. 
The effects of recombinant human growth hormone on body composition and glucose 
metabolism in HIV-infected patients with fat accumulation. J Clin Endocrinol Metab 86:3480-
87, 2001.  

20. Minehira K, Novel-Chaté V, Schwarz J-M, Gillet M, Darioli R, Chioléro R, Tappy L. Hepatic 
de novo lipogenesis after liver transplantation. J Parenter Enter Nutr 25:229-235, 2001.  

21. Schwarz J-M, Mulligan K, Lee J, Lo JC, Noor M, Wen M, Grunfeld C, Schambelan M. The 
effects of recombinant human growth hormone on hepatic lipid and carbohydrate 
metabolism in HIV-infected patients with fat accumulation. J Clin Endocrinol Metab 87(2): 
942-945, 2002. 

22. Trimmer JK, J-M Schwarz, GA Casazza, MA Horning, N Rodriguez, and GA Brooks. 
Measurement of gluconeogenesis in resting and exercising men by mass isotopomer 
distribution analysis (MIDA) J Appl Physiol 93: 233-241, 2002. 

23. Noor MA, Seneviratne T, Aweeka F, Lo JC, Schwarz J-M, Mulligan K, Schambelan M, 
Grunfeld C.  The HIV protease inhibitor indinavir acutely inhibits insulin-stimulated glucose 
disposal:  A randomized, placebo-controlled study. AIDS 16(5):F1-F8, 2002. 

24. Minehira K, L. Tappy, R Chioléro V Vladomira, MM Berger, J-P Revelly, and J-M Schwarz. 
Fractional hepatic de novo lipogenesis in healthy subjects during near-continuous oral 
nutrition and bed rest: a comparison with published data in artificially fed, critically ill 
patients. Clin Nutr 21 (4): 345-350, 2002. 

25. Schwarz J-M, PA Linfoot, D Dare, and K Aghajanian. Hepatic de novo lipogenesis in normo 
and hyperinsulinemic subjects consuming high-fat/low-carbohydrate and low-fat/high-
carbohydrate isoenergetic diets Am J of Clin Nutr 77 (1): 43-50, 2003.  

26. Lee G, Seneviratne T, Noor MA, Lo JC, Schwarz J-M, Aweeka FT, Mulligan K, Schambelan 
M, Grunfeld C.  The metabolic effects of lopinavir/ritonavir in HIV-negative men.  AIDS 
18:641-649, 2004. 

27. Lee GA, Mafong DD, Noor MA, Lo JC, Mulligan K, Schwarz J-M, Schambelan M, Grunfeld 
C. HIV Protease inhibitors increase adiponectin levels in HIV-negative men.  J Acquire 
Immune Defic Syndr  36:645-647, 2004. 

28. Lo JC, Mulligan K, Noor MA, Lee GA, Schwarz J-M, Grunfeld C, Schambelan M. The 
effects of low dose growth hormone in HIV-infected men with fat accumulation: a pilot 
study.  Clin Infect Dis. 39(5):732-5, 2004. 

29. Schwarz J-M, Lee GA, Park S, Noor MN, Lee J, Wen M, Lo JC, Mulligan K, Schambelan M, 
Grunfeld C. Indinavir increases glucose production in healthy HIV-negative men.  AIDS 
18(13):1852-4, 2004.  

30. Faeh D, Minehira K, Schwarz J-M, Periasamy R, Park S, Tappy L. Effect of fructose 
overfeeding and fish oil administration on hepatic de novo lipogenesis and insulin sensitivity 
in healthy males. Diabetes 54:1907-1913, 2005. 
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Reviews and Book Chapters: 
 
Hellerstein MK, J-M Schwarz, and RN Neese: Regulation of hepatic de novo lipogenesis in 

humans.  Annual Review of Nutrition  16:523-57, 1996. 

 
Tappy L and J-M Schwarz. Metabolic Disorders. Clinical Nutrition, 5:76-84, 2005. The Nutrition 

Society Textbook Series. Published by Blackwell Science.  

 
 

Selected Abstracts (since 1995): 
1. Schwarz J-M, RA Neese, D Dare, SM Turner, MK Hellerstein.  Effect of carbohydrate 

overfeeding and underfeeding on de novo lipogenesis and insulin levels.  Proceedings of the 
Nutrition Society.  54 (1): 47A, 1995. 

2. Hibbert J, J-M Schwarz, DC Gore, RA Neese, MK Hellerstein.  De novo lipogenesis and 
energy expenditure before and after food restriction in morbid obesity.  Proceedings of the 
Nutrition Society.   54 (1): 48A, 1995. 

3. Schwarz J-M, A Letscher, P Linfoot, D Cesar, S Bock, RA Neese.  A tracer method for 
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isotopes. Diabetes  (Suppl. 2) 45: 321A, 1198, 1996. 

4. Letscher A, S.M. Turner, D Faix, J-M Schwarz, MK Hellerstein.  Metabolic mechanisms by 
which IV glucose reduces hepatic glucose production and gluconeogenesis in rats.  
Diabetes  (Suppl. 2) 45: 162A, 593, 1996. 

5. Linfoot P, RA Neese, J-M Schwarz, S Turner, H Sauerwein, E Dekker, MK Hellerstein.  
Absolute gluconeogenesis in humans by mass isotopomer distribution analysis: isotopic 
design and analytic requirements.  Diabetes  (Suppl. 2) 45: 326A, 1218, 1996. 

6. Aghajanian K, CK Fagerquist, J-M Schwarz.  Effect of fructose on de novo lipogenesis and 
hepatic glycogen in rats. Faseb J  11 (3):A381, 2208, 1997. 

7. Neese R, P Linfoot, S Turner, J-M Schwarz, M Christiansen, MK Hellerstein.  Hepatic 
gluconeogenesis fluxes and glycogen turnover during fasting in human.  Diabetes  (Suppl. 
1) 46: 243A, 930, 1997. 

8. Schwarz J-M, R Linfoot, RA Neese, D Dare, MK Hellerstein.  Effect of diet on leptin: a signal 
of surplus dietary fat in lean and obese men.  Diabetes  (Suppl. 1) 46: 245A, 942, 1997. 

9. Quilici A, J Reilly, J King, B Braun, J-M Schwarz.  Effects of glucose infusion on glucose 
production and gluconeogenesis: a new method to assess hepatic insulin resistance 
Diabetes  (Suppl. 1) 46: 246A, 943, 1997. 

10. Trimmer JK, BC Bergman, AL Friedlander, GA Casazza, MA Horning, J-M Schwarz and GA 
Brooks: Mass Isotopomer Distribution Analysis of gluconeogenesis during hard exercise 
using [2-13C]glycerol and [3-13C]alanine. FASEB J, 12(5):A737 (#4276) 1998. 
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Current Support  
 
R01 DK63640 NIH/NIDDK (PI: Schambelan): Leptin Treatment of HIV-Associated 
Lipodystrophy  9/02-7/06.  
Role:  Co-Investigator 
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R21 DK69185 NIH/NIDDK (PI: Schambelan): Can IGF-I/IGFBP-3 Reverse Central Fat 
Accumulation?  7/04-6/06.  
Role: Co-Investigator 
 
R01 DK66999 NIH/NIDDK (PI: Grunfeld): HIV Antiretroviral Drugs and Glucose Metabolism
 3/04-12/07              
Role: Co-Investigator 
 
Pending Grants 
 
American Heart Association  (Grant in Aid)    Application submitted 1-5-06 
Effect of high fructose diet on liver fat production and accumulation in lean healthy subjects 
Role: Principal Investigator 
American Diabetes Association  (Clinical grant) Application submitted 1-15-06 
Effect of low-fructose and low-lipogenic diet on liver fat content and production in overweight 
hyperinsulinemic subjects 
Role: Principal Investigator 
 
R21 AT003374-01A NIH/NCCAM (PI: Schambelan) Application pending 4/1/06-3/31/09 
Uridine Supplementation, Mitochondrial Function, and Glucose Metabolism in HIV 
Role: Co-Investigator 
 
 
 
 
 
 
Previous Grants 
 
NIH/CReFF GCRC: Effects of High Fructose Diet on Liver Fat Production and Accumulation
 9/04-12/05 
Role: Principal Investigator 
 
R01 DK54615 NIH/NIDDK (PI: Mulligan): Metabolic Effects of Protease Inhibitors in HIV 
Disease  9/98-08/05 
Role: Co-Investigator 
 
American Diabetes Association (011770): Effect of Fish Oil on Hepatic Lipid and Carbohydrate 
Metabolism in Hyperinsulinemic Obese Subjects  1/00-12/03 
Role: Principal Investigator 
 
USDA NRI (99 35200 8605): Effect of Fish Oil on Hepatic Lipid and CHO Metabolism in Healthy 
Human Subjects. 12/01-11/02 
Role: Principal Investigator 
 
R01 DK45833 NIH/NIDDK(PI: Schambelan): Anabolic Therapies & Their Metabolic Effects in 
AIDS  12/97-05/04.  
Role: Co-Investigator 
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American Heart Association: Inhibition of de novo lipogenesis: Effect on glucose and VLDL 
output  1/98-12/01 
Role: Principal Investigator 
 
ILSI: Modulation of Hepatic de novo Lipogenesis: Effect on Glucose and VLDL Output  7/98-
6/00 
Role: Role: Principal Investigator 
 
Hewlett Packard Award #010625: Measurement of isotope ratio of polymers using HP’s 8/98-
7/99. 
Role: Principal Investigator 

 
 




