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Abstract

The Hunter/Gatherer Lifestyle has long been associated with positive health benefits. I 

measured specific metabolic parameters associated with this lifestyle, highlighting lean tissue 

preservation. Severe loss of lean tissue mass (LTM) (sarcopenia) is a progressive, multifactorial 

disease presenting with decreased functional performance, age-related bone loss, increased 

falls and fractures, obesity, type II diabetes mellitus, depression, hospitalization, and even 

mortality. Degradation of LTM, often accompanied with obesity, is cost-prohibitive emotionally, 

physically, and financially. To counteract LTM deterioration, a positive net protein balance (NB) 

must be created through increased protein synthesis or suppressed protein breakdown . I 

utilized isotope tracer infusion methodology to compare equivalent serving sizes of wild, free- 

range red meat (FR) to grain-fed commercial meat (CB) on human NB. I observed that FR 

elicited significantly higher NB than CB due to greater suppression of protein breakdown. I next 

asked if an unscripted 8-12-day Alaska expeditionary backcountry hunt (ABEH) for moose, 

caribou, and sheep hunters would be executed in negative energy balance and positively 

influence metabolic markers while maintaining LTM. I found that energy expenditure was far 

greater than intake and contributed to reductions in body weight, adipose tissue, serum lipids, 

and intrahepatic lipid, while preserving LTM. Finally, I asked if a proprietary drink with a unique 

amino acid formulation (EMR) similar to FR could elicit fat loss and LTM maintenance in a 

cohort unlikely to gain access to FR. EMR or Optifast® was provided once per day to obese, 

elderly individuals. With no additional manipulations and in one month, there was a net gain of 

thigh muscle cross-sectional area and significant reductions in total and visceral fat mass. 

Concluding, I sought specific metabolic outcomes derived from distinct aspects of the 

understudied hunter/gatherer lifestyle (i.e., FR, ABEH, EMR). I found positive influences on 

health which would contribute to LTM preservation during aging, decreasing individual, family, 

and societal burdens linked to loss of LTM. These findings provide increased emotional, 

physical, and financial value to the hunter/gatherer lifestyle.
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Chapter 1. General Introduction

1.1. Background

A transition from wild foods to processed foods and lower quality protein choices has occurred 

in recent years, providing easier food access for modern societies (Gerlach and Loring 2013; 

Batal et al. 2018). Low quality and more processed proteins lack one or more of the essential 

amino acids, whereas wild, free-range red meat is complete and therefore of higher quality. 

Consumption of wild, free-range red meat, which is often obtained in conjunction with significant 

physical exertion, may now be easily substituted with the purchase of a commercial meat. The 

modern simplicity of nutrient acquisition and limited physical requirements may have negative 

health consequences. Indigenous populations, in particular, have experienced this paradigm 

shift at an exceptionally rapid rate (Center for Disease Control and Prevention 2016; Schure and 

Goins 2016; DeBruyn et al. 2020), increasing the incidence of chronic disease and disability in 

Native peoples (Burge et al. 2007; Goins et al. 2007; Schure et al. 2016).

This shift in dietary protein sources is of particular concern to events like the age-related loss of 

muscle, which begins at age 30 and continues throughout aging. Prominent and deleterious 

muscle loss (sarcopenia) is linked to higher rates of disability (Beaudart et al. 2014). Adequate 

consumption of high-quality proteins and physical activity helps in the maintenance of muscle, 

or whole-body protein, and is crucial to sustaining muscle and independence during aging (Deer 

and Volpi 2015; Coker et al. 2019). High-quality protein consumption can balance the cycle of 

muscle synthesis (protein synthesis) and muscle breakdown (protein breakdown). To maintain 

an overall positive net protein balance (NB), the synthesis of tissue protein must exceed tissue 

breakdown, or breakdown must be suppressed. Therefore, consumption and acquisition of wild, 

free-range red meat with its higher quality protein may play an important role in ensuring NB 
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consistent with healthy and independent aging (Coker and Wolfe 2018). Alaska Indigenous 

peoples are experiencing disproportionate and rapidly increasing rates of diabetes (Bullock et 

al. 2020), which is linked to sarcopenia (Batsis and Villareal, 2018), making the role of wild, free- 

range red meats especially important to these individuals. Decreasing the risk of disability in 

Alaska and other rural/remote areas is particularly important because the interaction between 

healthcare delivery and disability is especially complex due to multiple elements such as limited 

economic competition, higher profit margins, expensive medical infrastructure, and unique 

environmental and socio-demographics (Grazko 2017).

While there are many health aspects relative to the hunter/gatherer lifestyle that are indicative of 

functional independence and metabolic health, I chose to delineate the role of nutrients and 

physical activity on sarcopenia. Since all world populations are experiencing rapid growth of 

older citizens, and this dynamic has tremendous costs physically, emotionally, and 

economically, this research is globally applicable (Beaudart et al. 2014). All cultures have 

practiced the hunter/gatherer lifestyle for 84,000 generations, and our current, digital age 

represents less than 0.4% of that time period (O'Keefe et al. 2011). However, these 

investigations are particularly relevant to Alaskans, many of whom practice this lifestyle, and 

others whose lifestyles still center around the hunter/gatherer culture. Alaska also exhibits a 

more rapidly growing elderly sector than any other state (Alaska Commission on Aging 2016) 

and this group is more prone to sarcopenia and its negative health-related downturns, making 

the state of Alaska a beneficiary of this research.

My initial investigation focuses on the influences of free-range reindeer (representative of wild 

caribou) and commercial beef on NB, which I describe in Chapter Two (Coker et.al 2021a). In 

Chapter Three, I examine how the energy expenditure required to obtain wild game during an 

unscripted Alaska backcountry expeditionary hunt (ABEH) affects body composition and 

2



skeletal muscle (Coker et al. 2021b). I recognize that not all sectors of the population have 

access to wild, free-range red meat and/or the ability to perform the physical activity necessary 

to obtain it. Therefore, in Chapter Four I also study the optimization of essential amino acid 

profiles on muscle retention and physical function in older, obese participants with the inability to 

access wild, free-range red meat in significant quantities.

The three research studies (Chapters Two, Three, and Four) detailed in this dissertation explore 

specific metabolic benefits of the hunter/gatherer lifestyle as practiced by some Indigenous and 

Alaska Native populations and many individuals worldwide. These benefits will be linked to long

term physical independence in aging (Nu and Bersamin 2017). Positive influences on health 

include lean tissue mass (LTM) preservation, which decreases individual, family, and societal 

burdens associated with LTM loss during aging. These findings would provide increased 

emotional, physical, and financial value to the hunter/gatherer lifestyle. However, neither the 

direct or acute health benefits of wild game nor the activity levels involved in pursuing them 

have been measured to our knowledge prior to these investigations. The results of these studies 

will inform consumer protein choices and potentially provide an even greater value proposition 

for wild, free-range red meat, the habitats they use, and the hunting lifestyle.

1.2. Introduction to Chapter Two: Equivalent Servings of Free-Range Reindeer Promote 

Higher Net Protein Balance Compared to Commercial Beef

While the influence of protein quality and quantity on muscle health has received global 

attention (Lonnie et al. 2018; Deer and Volpi, 2015), questions remain concerning wild, free- 

range red meat and its effect on protein metabolism in humans. In this chapter, I compare the 

feeding-induced influence of wild, free-range red meat on whole body NB (i.e., protein synthesis 

- protein breakdown) to commercial beef. If our data support the superior efficacy of wild, free- 

range red meat consumption per ounce on protein metabolism, we assert that wild, free-range 
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red meats may augment the retention of whole-body protein to a greater extent than commercial 

beef. I elected to use free-range reindeer (FR) which is similar to caribou and hunted as a 

primary Alaskan protein source. The most purchased ground beef in the United States by three 

times is 70% lean 30% fat commercial beef (CB) (Beef. It's What's for Dinner 2019), so this was 

the selection for comparison to FR. The digestible indispensable amino score, which is often 

used to assess protein quality, is higher in FR compared to CB and may offer advantages to 

muscle preservation. My study results provide direct and applicable information for the 

consumer based on serving size, as suggested by the USDA (Schap et al. 2017).

To complete this study, male and female participants of varying ages and ethnicities were 

recruited from the Fairbanks, Alaska area. The feeding/tracer studies were performed at the 

University of Alaska Fairbanks (UAF) using a randomized, parallel study design. Differences in 

protein synthesis, protein breakdown, and NB in response to the ingestion of FR or CB were 

determined. In other words, we followed the exogenous protein as it assimilated into 

endogenous protein and in doing so increased the overall practical relevance.

1.3. Introduction to Chapter Three: Alaska Backcountry Expeditionary Hunting promotes 

RapidImprovements in Metabolic Biomarker in Healthy Males and Females 

Nutrients provided by wild, free-range red meat may yield health benefits, but the energy 

expenditure necessary to procure wild sources of nutrition can also have healthy consequences. 

In contrast, access to commercial food access has dramatically improved over the last century 

(Gerlach and Loring 2013; Batal et al. 2018), and unhealthy dietary and activity patterns have 

emerged (Pradhan, 2007). We are now experiencing a worldwide obesity pandemic (Pontzer et 

al. 2012) responsible for almost 5 million premature deaths per year. Sarcopenia is also 

rampant, and often present with obesity. Associated chronic diseases have negative, long- 

lasting impacts on the physical, emotional, and financial health of individuals and society as a 
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whole (Beaudart et al. 2014). Small populations of hunter-gatherer societies remain well 

protected against chronic metabolic diseases as long as they do not adopt the patterns of a 

Westernized dietary and activity lifestyle (Pontzer et al. 2018). Movement constancy and the 

quality/quantity of nutrient intake seem to be largely responsible for their protective resilience 

(Kaplan et al. 2017; Liebert et al. 2013; Raichlen et al. 2017), but the beneficial influence of 

physical activity in this context has been understudied.

In Chapter Three, I examine the metabolic changes during an unscripted ABEH. I hypothesized 

that an ABEH would promote beneficial changes in metabolic parameters and maintain skeletal 

muscle despite negative energy balance and minimal protein intake in males and females 

during an 8-12 day ABEH immersion. The objective of this study was to measure changes in 

total energy expenditure, total energy intake, net energy balance, macronutrient intake, body 

composition, serumlipids, liver and metabolic panels, and intrahepatic lipid.

1.4. Introduction to Chapter Four: Once/Day Provision of Essential Amino Acid Enriched 

MealReplacement Improves Body Composition and Physical Function in Obese Elderly: 

A Randomized Controlled Trial

The older, at-risk, obese elderly population may be among those who do not have access to wild 

game or the physical ability to obtain it due to the functional limitations of aging which may 

include the deleterious influence of sarcopenic obesity. Moreover, sarcopenic obesity has been 

linked to the development of metabolic syndrome and diabetes that dramatically worsen the 

quality of life in almost every circumstance (Lee et al. 2016). While losing weight might seem like 

the obvious solution, data suggest that body weight has a protective effect against mortality 

(Alalwan 2020). The efficacy of weight loss in addressing sarcopenic obesity is further 

complicated by low fitness levels in the obese elderly (Coker and Wolfe, 2018). Not surprisingly 

these low fitness levels are co-mingled with little interest in physical activity as a viable 
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intervention (Weiss et al. 2006). These observations are the cause for an overwhelming number 

of individuals preferring dietary modification as their only weight loss strategy (Weiss et al. 

2006).

In addition to the health problems associated with sarcopenia and obesity, inadequate 

nutritional intake can be a significant concern (Borkent et al. 2019) and can negatively affect 

optimal body composition and further exacerbate the risks of disability among elderly adults 

(Keller, 2007). To address these concerns, many individuals and health care providers use meal 

replacements to help maintain body weight and more importantly functional independence 

(Payette et al. 2002). Taking some of what we learned from wild, free-range red meat studies, a 

meal replacement with a unique profile of essential amino acids was developed, thereby 

reducing excess non-essential amino acids and obligatory calories that are not necessarily 

important (Coker et al. 2019). I tested our formulation over 4 weeks as a meal replacement once 

per day to evaluate retention of muscle in the obese elderly, aged 60-85 with a BMI of 26-40 

kg/mI 2.

I hypothesized that daily consumption of an essential amino acid-enriched (Wolfe 2017) meal 

replacement (EMR) would promote improvements in body composition, skeletal muscle, and 

physical function compared to an isocaloric commercially available meal replacement (i.e., 

Optifast®) in the obese elderly.

Participants were asked to consume their assigned meal replacement consisting of EMR or 

Optifast® once each day for four weeks between pre- and post-testing. Effects of EMR and 

Optifast® upon metabolic parameters were then compared.
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1.5. Closing Introductory Statement

My feeding-induced/stable isotope studies comparing the influence of free-range red meat to 

commercial beef will characterize the benefits of wild sources of meat on net protein balance in 

humans. My studies in a healthy cohort of Alaska backcountry hunters investigate metabolic 

benefits that may occur over an 8-12 day ABEH. Recognizing that functional independence can 

be elusive in senior citizens, I investigate LTM and physical function changes due to an 

essential amino based meal replacement. In summary, the body of my work sheds insight on 

the health benefits of the hunter/gatherer lifestyle and how we can utilize the amino acid 

constituents of our diet to improve health and longevity.

It is important to recognize that all who practice the hunter/gatherer lifestyle may not do so to 

the same degree. Some hunts are more sedentary, while some like the ABEH are very high 

in levels of physical and emotional stresses. Note that game is influenced by food sources 

(i.e., corn, grain versus grasses, leaves), changing the meat composition (i.e., amino and 

fatty acids) in the process. The hunter/gatherer lifestyle can be practiced in modern societies 

by seeking avenues through which to hunt, gather, process, and prepare wild, whole foods 

while expending sustained energy throughout. Diets can still rely heavily on wild, whole 

foods obtained by a hunter/gatherer, even in these modern times. The study results 

presented here can be utilized to better inform thoughts and actions of the hunter/gatherer 

practicing that lifestyle in the current world status.
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Chapter 2. Equivalent Servings of Free-Range Reindeer Promote

Greater Net ProteinBalance Compared to Commercial Beef 1

1 Coker, M. S., Schutzler, S. E., Park, S., Williams, R. H., Ferrando, A. A., Deutz, N., Wolfe, R. R., & 
Coker, R. H. (2021). Equivalent servings of free-range reindeer promote greater net protein balance 
compared to commercial beef. International journal of circumpolar health, 80(1), 1897222.
https://doi.org/10.1080/22423982.2021.1897222

2.1. Abstract

Wild game consumption has been associated with health benefits but the acute influence on 

human protein metabolism remains unknown. We compared feeding-induced responses of 

equivalent amounts of free-range reindeer (FR) and commercial beef (CB) on protein kinetics 

using stable isotope methodology. Seven participants (age: 40±14 years; body mass index: 

24±3 kg/m2) completed two randomized studies, ingesting 2 oz of FR or CB. L-[ring 

2H5]phenylalanine & L-[ring 2H2]tyrosine were delivered via primed, continuous intravenous 

infusion. Blood samples were collected during the basal period and following consumption of FR 

or CB. Feeding-induced changes in whole-body protein synthesis (PS), protein breakdown (PB), 

and net protein balance (NB) were determined via plasma sample isotope enrichment analysis 

by gas chromatography-mass spectrometry; plasma essential amino acid (EAA) concentrations 

were determined by liquid chromatography-electrospray ionization-mass spectrometry. Plasma 

post-prandial EAA concentrations were higher with FR compared to CB (P<0.05). The acute 

feeding-induced PS response was not different, but PB was reduced and contributed to a 

superior level of NB (P<0.00001) in FR compared to CB. Our results demonstrate that higher 

EAA/serving in FR may influence more favorable protein metabolism than CB. These data 

support potential health benefits of wild game1 in the preservation of whole-body protein.
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2.2. Introduction

The practical health benefits of wild, free-range red meats are particularly relevant to Alaska 

Native and Indigenous peoples whose aging populations are increasing and challenged by the 

high risk of disability (Burge et al. 2007; Goins et al. 2007; Schure et al. 2016). Many of these 

disabilities are often associated with the initial loss of muscle that may occur in some individuals 

after age 30. Severe muscle loss (sarcopenia) is a progressive, insidious, and multifactorial 

disease that presents with decreased functional performance, age-related bone loss, increased 

falls and fractures, obesity, type II diabetes mellitus, depression, hospitalization, and even 

mortality (Beaudart et al. 2014). Prevention of sarcopenia is particularly important in Alaska and 

other rural/remote areas. The interaction between healthcare delivery and disability is especially 

complex due to limited economic competition, higher profit margins, expensive medical 

infrastructure, and unique environmental and socio-demographic elements (Grazko 2017).

Inadequate nutrition is often associated with sarcopenia (Lim et al. 2018) and as aging 

progresses, a protein shortfall occurs (loss of appetite, inadequate protein utilization, anabolic 

resistance, and chronic diseases). This inadequacy can be deterred by consuming high-quality 

proteins which can stimulate protein synthesis and counteract muscle breakdown to create an 

overall positive net protein balance throughout the aging process (Deer and Volpi, 2015).

Protein intake consisting of wild, free-range red meats with high-quality proteins and fats and 

high amounts of essential amino acids can reverse protein breakdown and improve muscle 

maintenance during aging. Therefore, consumption of wild, free-range red meat may play an 

important role in supporting adequate net protein balance necessary for healthy and 

independent aging (Wolfe 2017), especially in Alaska Native peoples.

The amino acid profile of wild, free-range red meat is an important contributor to its overall 

quality. Twenty total amino acids compose muscle protein, and nine of those are essential 
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amino acids (EAA's) (Hou and Wu, 2018). For positive net protein balance to occur, EAA's must 

be provided through dietary intake and available in sufficient amounts (Coker et al. 2019). Free- 

range wild game is naturally high in EAA's (Strazdina et al. 2013). The digestible indispensable 

amino acid score (DIAAS) is used to assess protein quality and monitor protein adequacy of 

foods sold to consumers (Lester 2013). As a function of the amount and profile of EAAs per 

gram of meat and the true ileal digestibility (Huang et al. 2018), the DIAAS may also be higher 

in wild, free-range red meats (Pham et al. 2019). While the influence of protein quality and 

quantity on muscle health has received global attention (Lonnie et al. 2018), questions remain 

with regard to wild, free-range red meat and its effect on muscle preservation, an elusive goal 

for many older adults combatting sarcopenia (Moore and Philp, 2020).

Consumers choose to prepare their meat protein choices based on portion sizes or by weight 

rather than nutritional composition or EAAs/serving. For this reason, the United States 

Department of Agriculture (USDA) recommends food servings by ounce-equivalents (Schap et 

al. 2017). To our knowledge, the acute ingestion of USDA-established equivalent servings of 

wild, free-range red meat and commercial red meat on protein kinetics in humans has not been 

evaluated. According to origins inferred from mitochondrial DNA sequences, reindeer and 

caribou represent a species of deer that vary in size and distribution throughout northern 

Europe, Siberia, and North America (Flagstad and R0ed, 2003). While precise descriptions of 

nutrient composition data on free-range reindeer are scarce to non-existent, forage composition 

in free-range reindeer and caribou in Alaska are very similar; positively influencing the total 

amount of essential amino acids/total weight (Patel et al. 2017; Strazdina et al. 2013).

Therefore, we used the Nutritiondata.self.com (Nutritiondata.self.com 2021) database to access 

data on the nutritional composition of wild caribou as a theoretical equivalent to free-range 

reindeer (Table 1). If wild and/or free-range red meat/total weight provides a greater benefit in 
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maintaining whole body net protein balance, well-informed decisions can be more clearly made 

by consumers or hunters as they evaluate their options for meat consumption.

We compared the acute dietary influence of two ounces of free-range reindeer (FR) and 

commercial beef (CB) on protein metabolism via stable isotope methodology using a 

randomized, double blind, parallel study design in humans. As previously mentioned, FR is 

similar to wild caribou (Flagstad and R0ed, 2003), but can be processed and sold as a USDA- 

certified meat source for human consumption (Finstad et al. 2006). We chose 70% lean/30% fat 

CB for comparison, as it represents the largest percentage of ground beef types sold in the

United States each year by almost three-fold (Beef. It's What's for Dinner, 2019). These 

selections allowed practical comparisons between equal serving sizes of FR which might be 

analogous to caribou be consumed by a hunter to the CB that is preferentially purchased by the 

majority of the United States population. While the total amount of protein ingested is 30% 

higher with FR than CB, the total amount of calories is 40% less. Therefore, consumption of FR 

may enhance optimal net protein balance but reduce consumption of calories found in CB of an 

equivalent weight or serving size.

We hypothesized that FR would promote a higher whole body net protein balance compared to 

CB due to the greater amount of essential amino acids in FR. If our data supportthe superior 

efficacy of FR consumption per ounce on whole body net protein balance, we assert that wild, 

free-range red meats may augment the retention of whole-body protein to a greater extent than 

CB.

2.3. Materials and Methods

Eight male and female participants of varying ages and ethnicities were recruited from the 

Fairbanks, Alaska area through a combination of local newspaper advertisements and flyers. All 
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testing occurred at the Clinical Research and Imaging Facility on the University of Alaska 

Fairbanks (UAF) campus except baseline blood sampling for medical screening performed at 

LabCorp, Inc (1626 30th Ave, Fairbanks, AK 99701). All participants were consented prior to 

enrollment and copies of the consent forms were provided. All aspects of the study were 

reviewed and approved by the UAF Institutional Review Board on April 6, 2017.

The existence of metabolic disease can complicate feeding-induced changes in protein kinetics 

(Atawia et al. 2019). Therefore, our strategy was directed towards the influence of FR and CM 

on protein kinetics in healthy adults and how potential differences might be relevant over the 

lifespan. We utilized the expertise of one study physician, licensed by the Alaska StateMedical 

Board, who appraised all health data points to determine the eligibility of the participants. 

General health was evaluated through careful consideration of answers to a health 

questionnaire, bloodwork results, and body composition values. Inclusion criteria incorporated 

participants between the ages of 20 and 70 years of age with a Body Mass Index (BMI) of 20-38 

kg/m2 and deemed as generally healthy by the study physician. Exclusion criteria included any 

individuals with a pacemaker, previously diagnosed diabetes, or chronic inflammatory condition, 

taking any type of medication or supplement that could have affected glucose metabolism, 

active cancers or malignancies, or taking corticosteroids by mouth, injection, or trans-dermally. 

Exclusion criteria also included females of childbearing ages who tested positively for 

pregnancy. Finally, any individual with any other disease that would have placed them at 

increased risk of harm if they were to participate would have been excluded at the discretion of 

the study physician.

To be considered for eligibility, participants completed a health questionnaire during the initial 

consent and screening visit. All medications and vitamins were listed, and participants were 

asked whether they had been diagnosed with diabetes or high blood pressure, experienced a 
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heart attack, arrhythmia, heart valve disease, stents, pacemakers, defibrillators,chest pains, 

shortness of breath, or heart failure. Also included were questions concerning dizziness or 

numbness of limbs, difficulty walking, cramping, or joint or muscle problems.

Participants revealed any benign or malignant cancers, thyroid/pituitary disease, and/or 

intestinal problems, and described alcohol and tobacco use. Body mass index was determined 

using height and weight. Blood sampling and analysis were completed by LabCorp provided 

lipid and metabolic values for screening purposes. Females of childbearing age were provided 

pregnancy tests to ensure eligibility for inclusion. Answers to the health questionnaire and 

values for body composition and bloodwork were evaluated by researchers and the study 

physician and any values that met the exclusion criteria would have confirmed ineligibility for the 

study. All volunteers that expressed interest in the study were eligible for participation by 

meeting all the inclusion criteria and none of the exclusion criteria.

Participant confidentiality was ensured for all participants. Protected records were kept in a 

locked file cabinet behind a locked door in a facility with restricted, swipe-card access. Blood 

samples collected by the study nurse were stored in a locked freezer of a swipe-card, access- 

restricted facility until analysis of isotopic enrichments, and then immediately destroyed. All 

blood samples collected by LabCorp were immediately destroyed following analysis.

Our study was completed in the Clinical Research and Imaging Facility in Room 015 of the 

Murie Building at UAF. There is a basement entry to the facility, providing privacy for all 

participants in the study. The facility is accessed by a swipe-card-only entry, and only those 

researchers that were part of this study could enter. The participants, while sitting for the isotope 

infusion procedures for 7 hours on two occasions, had access to medical-grade recliners 

specifically designed for long-term use. Participants were given iPads for watching movies, 

though some chose to use their computers. Several worked remotely while the isotope 
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infusion/blood sampling was in progress. Participants were fasted upon arrival but could drink 

water throughout the day. The isotope infusate was placed on a mobile intravenous pole stand 

that could be rolled to the restroom at the request of the participants.

Eligible participants visited the Clinical Research and Imaging Facility at UAF on three separate 

occasions: a) consent and determination of eligibility status, b) feeding/tracer study #1,and c) 

feeding/tracer study #2. The feeding/tracer studies were performed using a randomized, parallel 

study design. In doing so, the response to the ingestion of 2-ounce pre-cooked servings of 

randomly assigned 95% lean/5% fat FR or 70% lean/30% fat CB was evaluated.

These servings are consistent with the portion sizes listed in the Dietary Guidelines 2015-2020 

(U. S. D. of H. and H. S. and U. S. D. of Agriculture, 2015). The nutritional profiles for FR and 

CB are listed in Table 1 as derived from the Nutritiondata.self.com database.

The isotope infusion/feeding studies were completed on two occasions at least three days apart 

and after an overnight fast beginning at 2200 hours (Coker et al., 2019). To achieve 

simultaneous infusion/sampling, intravenous catheters were placed into each forearm; one for 

the infusion of stable isotope tracers and the other for the collection of “arterialized” blood 

sampling via the heated hand technique (Abumrad et al. 1981). A baseline blood sample was 

collected to determine background isotopic enrichments. Primed continuous infusions of l-[ring- 

2H5]phenylalanine (prime, 5.04 μmol∕kg body weight; rate, 5.04 μmol∙kg-1-h"1) and l-[ring- 

2H2]tyrosine (prime, 2.16 μmol/kg; rate, 1.995 μmol·kg-1h-1) were performed to determine rates 

of protein synthesis, protein breakdown, and net protein balance at the whole body level (Coker 

et al. 2019) (Figure 1). All isotope tracers were purchased from Cambridge Isotope Laboratories 

(Andover, MA) and compounded by a licensed pharmacist. Tracer enrichment and plasma 

responses of amino acids were determined from blood samples collected at 0, 60, and 180 min 

to provide the fasted blood samples. Consumption of FR and CB occurred at 180 minutes, and
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additional blood samples followed at t=210, 240, 300, 330, 360, and 420 min. A total of 12 blood 

samples were drawn during the study (Figure 1).

2.3.1. Analytical Methods

Plasma samples were deproteinized using dry sulfosalicylic acid, and frozen at -80°C until 

analysis. Enrichment analysis was performed by gas chromatography-mass spectrometry 

(Agilent 5975; Santa Clara, CA) (Kim et al. 2015a). Ions of mass to charge ratios of 234, 235, 

and 239 for phenylalanine and 466, 467, 468, and 470 for tyrosine were utilized. Plasma amino 

acid analysis was performed by liquid chromatography-electrospray ionization-mass 

spectrometry (QTrap 5500 MS; AB Sciex) with Express HT Ultra LC (Eksigent Div.; AB Sciex) 

after derivatization with 9-fluoren-9-methoxycarbonyl, and concentrations were measured using 

the internal standard method (De Betue et al. 2013).

The rate of appearance (Ra) of phenylalanine and tyrosine into the plasma and the rate of 

phenylalanine hydroxylation to tyrosine was determined from the tracer enrichments in plasma. 

These parameters allowed calculation of protein synthesis, protein breakdown, and net protein 

balance using the bioavailability approach as previously validated and described (Coker et al. 

2019; Wolfe et al. 2020; Chinkes and Wolfe, 2005). Located inside the Clinical Research and 

Imaging Facility at UAF, we utilized a dual-energy X-ray absorptiometry (GE iDXA; Chicago, IL) 

scanner for the measurement of body composition, which provided values for fat mass and fat 

free mass. More specific than BMI, these scans provided similar ratios of fat free mass/total 

mass from our participants and allowed us to express our data relative to total body mass 

(Wolfe et al. 2020).

2.3.2. Statistical Methods

A one-way analysis of variance with repeated measures was used to examine overall 

differences in plasma essential amino acid concentrations between FR and CB; a Bonferroni 
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post-test was used to detect potential differences in the plasma concentrations of essential 

amino acids at individual time points. A two-way analysis of variance was utilized to evaluate 

differences in protein synthesis, protein breakdown, and net protein balance in response to the 

ingestion of FR or CB. All data were analyzed using the GraphPad Prism 6 for Mac (GraphPad 

Software, Inc. La Jolla CA), and presented as mean±SD.

2.4. Results

Eight participants (40.4±14.0 years of age) with a BMI of 24.0±2.9 kg/m2 were recruited and 

enrolled in the study (Table 2). The participants included two males and five females. Seven 

participants were Caucasian, and one participant was Alaska Native. One participant dropped 

out due to a personal matter unrelated to the study. Therefore, the study resulted in seven 

participants completing all aspects of the study.

Plasma concentrations of EAAs and leucine were higher with FR compared to CB at t=240 and 

270 min (P=0.01) (Figure 2a and 2b, respectively).

Basal post-absorptive rates of protein synthesis, protein breakdown, and net protein balance 

were not different in response to equivalents amounts of FR and CB. As previously described in 

feeding studies using identical stable isotope methodologies (Coker et al., 2019; Kim et al., 

2015a), we have calculated protein synthesis, protein breakdown, and net protein balance 

relative to their changes from the fasted to the fed state. While there was a similar increase in 

protein synthesis after FR and CB ingestion, the greater suppression of protein breakdown 

following FR consumption (P<0.0001) contributed to a substantially greater enhancement of net 

protein balance (Figure 3). We also calculated the rates of protein kinetics relative to the 

ingested amounts of EAAs and total amino acids. There was a greater reduction in protein 

breakdown/EAAs ingested in FR compared to CB (P<0.01), while there were no significant 
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differences between protein synthesis/EAA ingested and net protein balance/EAA ingested 

(Figure 3). The suppression in protein breakdown/total amino acids was significantly greater in 

FR than CB (P<0.001), contributing to higher net protein balance/amino acids (P<0.0001) 

(Figure 3).

2.5. Discussion

The most important observation of this study is that FR resulted in a greater anabolic response, 

reflected by higher net protein balance, than an equal serving of CB. To our knowledge, this is 

the first report demonstrating the benefits of free-range red meat analogous to caribou 

consumed in the traditional, Alaska Native diet, on immediate changes in protein metabolism. 

Greater net protein balance was linked to higher plasma EAA concentrations stemming from the 

greater EAA content per ounce-equivalent serving of FR compared to CB. Higher plasma EAA 

concentrations following ingestion of FR likely contributed to the suppression of protein 

breakdown. In another recent study, suppression of protein breakdownwas even greater in 

response to consumption of 4 and 11 ounces of red meat (Kim et al. 2015b). Thus, there 

appears to be a dose response effect between increases in plasma EAAsand beneficial 

alterations in protein breakdown and net protein balance.

It is well accepted that EAAs provoke the stimulation of protein synthesis (Volpi et al., 2003), 

while non-essential amino acids are not primary factors (B0rsheim et al. 2002). Leucine is an 

essential amino acid that operates as a transcriptional programmer or a switch, manipulating 

signaling pathways that set the stage for protein anabolism (Deane et al. 2020). Plasma EAAs 

and leucine were significantly higher in FR compared to CB shortly after meat ingestion. Taken 

together, this suggests a more permissive molecular environment in conjunction with greater 

availability of EAAs needed for optimal feeding-induced increments in net protein balance. 

Significant correlations have been reported between overall dietary protein and net protein 
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balance (R2=0.765; P<0.0001) (Kim et al. 2018). This correlation suggests that non-essential 

amino acids and overall amino acid intake may play a role in the suppression of protein 

breakdown. Our assertion is further supported by the consensus that the delivery of 0.24g of 

amino acids/kg/meal in 2 oz of FR equates to the maximal response of protein synthesis relative 

to the overall influence on net protein balance (Moore et al. 2015). While isolating the individual 

contributions of each non-essential amino acid is beyond the scope of the current investigation, 

the ingestion of arginine, glutamine, glutamate, proline, and glycine have all been implicated in 

the preservation of lean tissue (Hou et al. 2015). Recommendations for amino acid intake 

(essential and non-essential) should also consider variations in growth rates, reproductive 

status, and aging (Phang et al. 2013), and that the “indispensable” characterization of non

essential amino acids may represent an oversimplification (Wu, 2014).

In addition to the importance of amino acids in the modulation of protein kinetics, the 

concentration of omega-3 fatty acids is higher in wild, free-range red meat than in CB. While the 

beneficial influence of omega-3 fatty acids on protein metabolism has gained some attention (Di 

Girolamo et al. 2014), small increments in the acute ingestion of omega-3 fatty acids would not 

be likely to influence protein metabolism (Magee et al. 2012), Nonetheless, consistent 

consumption of FR or another wild, free-range red meats may offer even greater benefits with 

regard to lean tissue preservation. Many of the advantages of omega-3 fatty acids are derived 

from potential improvements in the sensitivity of mammalian target of rapamycin (mTOR) and 

downstream signaling targets that positively affect protein synthesis and therefore muscle 

preservation over time (Drummond et al. 2009). Substantial evidence suggests that omega-3 

fatty acids may also mitigate protein breakdown (Magee et al., 2012), but longitudinal 

supplementation is necessary for anabolic benefits (Di Girolamo et al. 2014), supporting the 

beneficial impact of consumption of wild, free-range red meat over the course of a lifetime.
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The more anabolic profiles of EAAs and omega-3 fatty acids in FR were accompanied by lower 

calories compared to CB of an equivalent serving size. The onset of muscle atrophy during 

aging is typically accompanied by increased deposition of adipose tissue, creating a condition 

referred to as sarcopenic obesity (Morgan et al. 2020). This decrease in muscle mass combined 

with an increase in fat compounds the detrimental effects of sarcopenic-related issues such as 

diabetes, heart disease, decreases in mobility and independence, and increasesin depression 

(Sanada et al. 2018). Even with 40% fewer calories in an equivalent serving of CB, FR 

promoted a ~50% greater feeding-induced increment in whole body net protein balance. 

Therefore, consumption of wild, free-range game may improve whole body net protein balance 

to counteract sarcopenia while reducing the obligatory calories that would otherwise increase 

the risk of obesity.

Consumption of wild, free-range game may be a foreign concept to the general population, but 

for many Indigenous communities, it represents a generational nutritional history, as well as 

cultural and spiritual ancestry (Nu & Bersamin, 2017). However, in recent years, there has been 

a transition from traditional foods such as wild, free-range red meat to more processed and 

commercial meats (Gerlach and Loring, 2013; Batal et al. 2017). Combined with historic and 

contemporary social determinates in many Indigenous populations, which are linked to health 

disparities, this food migration has increased the risk of chronic disease in Alaska Native 

peoples (Center for Disease Control and Prevention, 2016; DeBruyn et al. 2020). Immediate 

health benefits of wild, free-range red meats can influence the continuation of and/or return to 

traditional food pathways, which also provides the healthy benefit of increased physical activity 

(Coker et al. 2021).

Positive health benefits of wild, free-range red meat may also have a positive influence on the 

public perception of the hunter/gatherer lifestyle (Byrd et al. 2015), and create niche markets for 
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wild, free-range game (Marescotti et al. 2019) for those individuals who appreciate the value of 

the resource but lack adequate access. That being said, higher amounts of EAAs/total weight in 

FR or higher protein quality were largely influenced by the consumption of wild forage which has 

also been demonstrated in grass-fed or organic cattle (Patel et al. 2017). Unfortunately, access 

to “grass-fed” beef and other sources of high-quality proteins may be cost-prohibitive or 

impossible to access for many individuals (Henchion et al. 2017). A better understanding of how 

wild, free-range red meats affect muscle maintenance will inform consumer choices related to 

either hunting wild game or purchasing CB.

Additionally, our data could positively leverage the health and monetary values of wild, free- 

range red meats and the rights of individuals who hunt by choice or necessity. Environmental 

efforts to protect the land and game resource may also use this information to increase support 

for conservation. The value proposition provided by FR may now better inform governmental, 

public, and healthcare policies specific to those who choose to provide a superior, wild and free- 

range meat protein source to their families.

Lifestyle interventions are often used as a preventative strategy against the development of 

sarcopenia, related chronic conditions, and costs of care. However, the World Health 

Organization maintains that adherence to such structured interventions is especially difficult for 

elderly people (Burton and Sumukadas, 2010). This is particularly true for those who may 

already be experiencing declines in health or living in deprived and/or secluded areas such as 

remote areas of Alaska (Liljas et al. 2017; Knechel et al. 2013). As part of a more 

comprehensive perspective, preventative nutritional approaches at younger ages have been 

implemented to combat disability and optimize health throughout a lifetime in countries such as 

Japan, known for exceptional health and longevity (Arai et al. 2015; Gabriel et al. 2018).
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Similarly, in epidemiological studies of Arctic Indigenous populations, nutritional consumption of 

traditional, wild game/fish have demonstrated a positive association with improved health 

(Lavigne-Robichaud et al. 2020; Andronov et al. 2020).

Comparisons among individuals with various stages of metabolic abnormalities were beyond the 

scope of our study and prevent us from comparing individuals based on body weight, ethnicity, 

and sex. Nevertheless, wild, free-range game, with a direct benefit to musclepreservation, 

provides a value proposition that could potentially influence laws and regulationssurrounding the 

protection of the environment, as well as human rights to obtain that source ofnutritional 

sustenance. It is our intention to utilize the results of this investigation as a platform upon which 

we will base future grants for research focused on the health benefits of other traditional 

sources of foods for Indigenous populations, particularly Alaska Native peoples.

2.6. Conclusion

We have demonstrated that the acute beneficial influence of FR on net protein balance exceeds 

that of CB. Our study results support the rationale that wild, free-range red meats mayoffer a 

greater nutritional value by weight, given the administration of equivalent portion sizes most 

often used by consumers. These results have valuable implications for societies that rely heavily 

on wild, free-range red meats for nutritive value, subsistence, and health of heritage.
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Table 2.1. Nutritional

Composition
Free-Range

Reindeer*

Commercial

Beef

Difference

(Reindeer-Beef)

Essential Amino Acids (mg)

Leucine 1376 998 +378

Isoleucine 754 576 +178

Valine 784 632 +152

Threonine 712 476 +236

Methionine 372 314 +58

Phenylalanine 742 514 +228

Histidine 660 394 +266

Tryptophan 256 44 +212

Lysine 1510 1048 +462

Sub Total 7166 4996 +2170

Non-Essential Amino Acids (mg)

Cysteine 120 124 -4

Tyrosine 546 376 +170

Arginine 992 880 +112

Alanine 892 394 +498

Aspartic Acid 1474 856 +618

Glutamic Acid 2616 1148 +1468

Glycine 700 1882 -1182

Proline 518 1058 -540

Serine 586 766 -180

Sub Total 7858 6718 +1140

Polyunsaturated Fatty Acids(mg)

Linoleic Acid 174 110 +64

Arachidonic Acid 101 22 +79

Gamma Linoleic Acid 0 6 -6

Docosahexaenoic Acid 34 0 +34

Eicosapentaenoic Acid 17 0 +17

Sub Total 325 138 +187
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Table 2.1. Nutritional (continued)

Composition
Free-Range Commercial Difference

Reindeer* Beef (Reindeer-Beef)

Monounsaturated Fatty Acids (mg)

Gadoleic Acid 0 35 -35

Oleic Acid 684 3866 -2882
Myristoleic Acid 0 78 -78

Palmito-oleic Acid 62 342 -280

Sub Total 746 4021 -3275

Saturated Fat

Arachidic Acid 0 6 -6

Myristic Acid 67 274 -207

Palmitic Acid 498 1984 -1486

Stearic Acid 330 568 -238

Margaric Acid 0 104 -104
Pentadecanoic Acid 0 43 -43

Lauric Acid 0 7 -7

Subtotal 895 2987 -2092

Percent PUFA/Total Fat 10.7 1.2 +9.5

Percent MONO/Total Fat 24.6 36.1 -11.5

Percent SAT/Total Fat 29.5 26.8 +2.7

Total Fat 3036 11150 -8114

*Derived from data on wild caribou from the Nutrition.self.com. Wild caribouhave a common 

genetic origin and consume similar forage as free-range reindeer.
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Table 2.2. Clinical Characteristics

M/F 2/5

Age (years) 40.4±14.0

Weight (kg) 67.5±15.8

Height (m) 1.7±0.1

BMI (kg/m2) 24.0±2.9

Fat Mass (kg) 19.0±4.4

Fat Free Mass (kg) 47.5±11.2

Figure 2.1. Meat ingestion and tracer infusion protocol
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Figure 2.2. Plasma concentrations of essential amino acids during the fasted (t=1-180 min) and

Fed state (t=210-420 min). * Denotes significant difference between FR and CB (P=0.01)

Figure 2.3. Plasma concentrations of leucine during the fasted (t=1-180 min) and Fed state

(t210-420 min). * Denotes significant difference between FR and CB (P=0.01)
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Figure 2.4. Whole-body protein kinetics: A) changes in rates of whole-body protein synthesis 

(PS), breakdown (PB), and net balance (NB) from the fasted state; B) changes in rates of PS, 

breakdown PB, and NB/EAA from the fasted state; and C) changes in rates of PS, breakdown 

PB, and NB/EAA from the fasted state; and C) changes in rates of PS, PB, and NB/Total Amino 

Acids from the fasted state. *Denotes significant difference between FR and CB (P<0.05).
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Chapter 3. Alaska Backcountry Expeditionary Hunting Promotes Rapid Improvements in 

Metabolic Biomarkers in Healthy Males and Females 2

3.1. Abstract

We have previously reported negative energy balance and health benefits during an Alaska 

backcountry expeditionary hunting (ABEH) immersion in two males. The purpose of our present 

study was to increase the number of participants, include females, and evaluate macronutrient 

intake and serum lipids. Four men (age: 46±6 year, BMI: 26±1 kg/m2) and three women (age: 

46±11 year, BMI: 25±3 kg/m2) were recruited. Doubly labeled water methodology and dietary 

recall were utilized to assess energy expenditure and energy intake, respectively. Data were 

collected during pre- and post-ABEH visits. Body composition was measured using dual energy 

x-ray absorptiometry and the cross-sectional area of skeletal muscle in the upper leg (XT), and 

intrahepatic lipid (IHL) was determined using magnetic resonance imaging and/or spectroscopy 

(MRI/MRS). Blood parameters were measured by LabCorp. Paired T-tests were used for 

statistical analysis. Data are reported as mean±SD and considered significant at P<0.05. Total 

energy intake was 7.7±3.4 MJ/day and total energy expenditure was 17.4±2.6 MJ/day, resulting in 

a negative energy balance of -9.7±3.4 MJ/day. Protein intake(grams)/body 

weight(kilograms)/day was 1.0±0.4. There were reductions in body weight (Δ-1.5±0.7 kg), BMI(Δ- 

0.3±0.2 kg/m2), fat mass (Δ-1.7±0.9 kg), and IHL (Δ-0.3±0.3 % water peak). There were changes 

in lean tissue mass (Δ0.6±1.4 kg) or XT (Δ-1.3v3.3 cm2). There were significant reductions in 

total cholesterol (Δ-44±35 mg/dl), LDL-cholesterol (Δ-25±14 mg/dl), VLDL- cholesterol (Δ-7±7 

mg/dl), and triglycerides (Δ-35±33 mg/dl). The ABEH immersion resulted inconsiderable negative 

energy balance and provided comprehensive benefits in metabolic health without any reduction 

in skeletal muscle.
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3.2. Introduction

The complex etiology of obesity and metabolic diseases on morbidity and mortality in the United 

States has been an intense point of investigation over the last century (World Health 

Organization technical report series 2000). Cumulative influential factors consistent with the 

agricultural, industrial, technological, and digital revolutions have led to unhealthy dietary and 

activity patterns potentially responsible for diseases linked to obesity (Hochberg, 2018; 

Speakman, 2013). To put the problem in perspective, the negative impact of “modernization” on 

health was mentioned in the Boston Medical and Surgical Journal over a hundred years ago, 

but the underlying drivers responsible for the deterioration of metabolic health may still be 

underappreciated (Jones et al. 2012).

Before the advent of modernization, humans derived inherent benefits from physical activity for 

84,000 generations (O'Keefe et al. 2011). In less than 0.4% of that time period, humans rapidly 

accelerated into the current digital age (O'Keefe et al. 2011). Access to food has dramatically 

improved but unhealthy dietary and activity patterns have emerged (Pradhan, 2007), and we are 

now experiencing a worldwide obesity pandemic (Pontzer et al. 2012) responsible for almost 5 

million premature deaths/year (Global Burden of Disease Study 2017). Small populations of 

hunter-gatherer societies remain well protected against chronic metabolic diseases as long as 

they do not adopt the patterns of a Westernized dietary and activity lifestyle (Pontzer et al. 

2018). Movement constancy and the quality/quantity of nutrient intake seem to be largely 

responsible for their protective resilience (Kaplan et al., 2017; Liebert et al., 2013; Raichlen et 

al., 2017).

In our modern era, a tremendous amount of investigation has been focused on the use of 

complex dietary and exercise interventions to mitigate metabolic disease (Chourdakis 2020). 

Despite considerable public interest in contemporary hunting and gathering, the acute influence 
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of intensive wilderness hunting on metabolic health in the modern human are limited (Crittenden 

& Schnorr, 2017). While remote hunting expeditions in the 21st century do not replicate hunter

gatherer societies, abrupt changes in physical activity and nutrient intake may foster beneficial 

adaptations. We are uniquely positioned to provide some investigative insight into these areas 

of interest, as numerous hunters pursue game in the unpredictable Alaskan environment with 

limited provisions and shelter (Walch et al. 2018).

In our original preliminary work (Coker et al. 2018a), we described the total energy expenditure 

(TEE) and total energy intake (TEI) that led to negative energy balance during Alaska 

Backcountry Expeditionary Hunting (ABEH). The limited number of participants in the original 

study precluded our ability to evaluate changes in net energy balance, serum lipids, or 

variations in macronutrient intake, and did not include females. The objective of the current 

study was to measure TEE, TEI, net energy balance, macronutrient intake, body composition, 

serum lipids, liver and metabolic panels, and intrahepatic lipid (IHL) in males and females during 

an 8-12 day ABEH immersion. We hypothesized that ABEH would promote beneficial changes 

in metabolic parameters (i.e., body fat, serum lipids, and IHL) and maintain skeletal muscle 

despite negative energy balance and minimal protein intake in males and females.

3.3. Methods

We recruited four men (age: 46±7 year, BMI: 26±1 kg/m2) and three women (age: 46±11 year, 

BMI: 25±3) for this study. After obtaining informed consent, all participants completed a 

comprehensive health history and were considered as healthy, non-smoking participants. None 

of our participants were taking any medications nor were they symptomatic for cardiovascular, 

respiratory, neurological, or metabolic diseases. None had any chronic inflammatory conditions. 

All participants completed pre- and post-ABEH visits that included: a) measurement of body 

weight, body composition via dual energy x-ray absorptiometry scans (General Electric iDXA;
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Madison, WI), and molecular imaging/spectroscopy (Toshiba Excelart/Vantage 1.5 T MRI/MRS, 

Canon, Otawara, Tochigi, Japan) of muscle and liver, b) blood sampling via LabCorp (1626, 30th 

Avenue, Fairbanks, AK), c) measurement of TEE using the doubly labeled water (DLW) method 

(Schoeller 1999), and d) assessment of TEI and macronutrient intake using written dietary 

and/or photographic records (Capling et al. 2017). All aspects of the study and related 

documentation were reviewed and approved by the University of Alaska Fairbanks (UAF) 

Institutional Review Board on August 1, 2018.

3.3.1. Alaska Backcountry Hunting Immersion

All testing and examinations of our research participants were completed in the Clinical 

Research and Imaging Facility pre- and post-ABEH immersion, and in the fall of 2018. These 

sessions were closely coordinated with Pristine Ventures and Shadow Aviation (Fairbanks, AK), 

minimizing the logistical burden on the participants, organizers, and remote bush pilots, while 

allowing us to perform the testing within 24 hours of departure from and arrival in Fairbanks, AK. 

As our original manuscript indicated, hunters received basic instructions with regard to hunt 

preparation, meat preservation, and load carriage (Coker et al. 2018a). We recognized the 

potential for shifts in background H2O isotope abundances in hunters originating from the 

contiguous states outside and those from Alaska. Therefore, subjects #1 and #2 were recruited 

from Alaska and the midwestern United States, respectively, and received dummy, or sham 

doses of DLW. This allowed for correction for background shifts in isotope abundance.

3.3.2. Imaging Measurements

Participants wore identical lightweight clothing or surgical scrubs during all body weight and 

imaging measurements. The participants were asked to lie motionless in the supine position 

during the iDXA measurements of body composition, including android and gynoid fat 

distribution. Android fat distribution refers to adipose tissue largely deposited in the trunk and 
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upper body, while gynoid fat distribution is located in the hips, breasts and thighs (Brody 1999). 

The hands and arms were placed in a parallel position without touching the body, and within the 

required scan area. Feet were stabilized and movement was kept to a minimum through the use 

of a Velcro strap that also assisted with proper placement of the feet and legs. Calibration of the 

iDXA was performed at least three times/week.

We measured the cross-sectional area of the upper thigh muscles (XT) and IHL using a Toshiba 

Excelart/Vantage 1.5 T magnetic resonance imaging/magnetic resonance spectroscopy 

(MRI/MRS) system (Canon, Otawara, Tochigi, Japan) as previously described (Coker et al 

2018a). Acquisition of axial and coronal T1-weighted images were collected using a Field Echo 

sequence (TR = 172 172 msec, TE = 90 msec). Axial T2 images were acquired using a Fast 

Spin Echo sequence (TR= 3700 msec, TE = 90 msec). One technician selected seven of the 

axial T1-weighted images based on the identification of the largest clearly visible scan in the 

belly of the thigh muscle. Six progressive images were chosen by moving distally toward the 

patella. Subsequently, all seven XT images were analyzed by the same technician using OsiriX 

software (Pixmeo, Bernex, Switzerland) (Hulmi et al. 2009). Raw data from the spectra for 

determination of IHL, including an un-suppressed water reference, were converted to ascii 

format using a custom script before analysis using the jMRUI software. All spectra were Fourier 

transformed, phased, and referenced (1.4 ppm for lipid spectra, 4.8 ppm for water reference).

The signals were fit using the AMARES non-linear-least-squares algorithm within jMRUI. The 

results from both the lipid spectra and water reference spectra were then used to calculate a 

lipid-to-water ratio (Bennett et al 2012).

3.3.3. Isotopic Methodology

A baseline urine sample was collected at 22:00 hr on the evening prior to departure into the 

remote backcountry. Immediately afterward, all participants received either an oral “sham” dose 
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or an oral dose of DLW. Two of the seven participants originated from the contiguous United 

States, supporting the rationale for the need of a sham dose to would allow for adjustments of 

potential alterations in background enrichments of 18O and 2H (Schoeller et al. 1986). While in 

the field for 8-12 days, all participants collected at least three urine samples as previously 

described (Coker et al. 2018a). This dosing and urine sampling protocol has been previously 

established (Coker et al. 2018a; Schoeller et al. 1986).

Participants received detailed instructions for collection and placement of their own urine 

samples into sterile, polypropylene, nonpyrogenic, RNase/DNase-free tubes (Corning, Inc., 

Corning, NY) to be wrapped in ParafilmTM (Bernis NA, Nina, WI). All samples were kept 

according to directions, separated from other participants, in dry storage, and at an ambient 

temperature of 4° to 10° C. Upon the participants' return to Fairbanks, AK, all samples were 

immediately frozen.

The analysis of isotopic abundance was completed at the Isotope Ratio Core Laboratory at the 

University of Wisconsin, Madison, WI (Hoyt et al. 1991). We fitted the absolute value of an 

exponential model to preclude any undesirable influence of variations in background 

abundance, as previously described (Coker et al. 2018a). We then used the theoretical 

constructs established by Stroud et al (1993), basing the extrapolated infinite time background 

estimate on average from the exponential fit of abundance vs. time in the participants receiving 

the sham doses. Production of CO2 was calculated as previously described and utilized a 

respiratory exchange ratio of 0.78 for the calculation of total energy expenditure for the period in 

the field beginning with the first urine collected at the hunt site and ending upon return to 

Fairbanks, AK (Thorsen et al. 2011).
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3.3.4. Dietary Intake

We requested that participants keep a daily record of all food and drink intake, along with caloric 

content consumed during the ABEH. All participants collected these food diaries based on our 

verbal and written instructions and were collected immediately upon the participants' return from 

the ABEH. We also recorded the exact amount and type of food that each participant took into 

the field. With the exception of animals harvested and ingested (also recorded) on the ABEH, 

there were no other sources of food available. The energy and macronutrients of moose and 

caribou were extracted from SELFNutritionData web link (SELFNutritionData 2020). This 

combined strategy of food inventories, in conjunction with written and photographic dietary 

records, allowed us to precisely determine the macronutrientand energy content of all foods 

consumed.

3.3.5. Statistical Analysis

We analyzed our data using a combination of Microsoft Excel, iDXA Encore, Osirix, and Prism 9 

software. Since two participants received “sham” doses of DLW to control for shifts in 

background enrichment, data presented on TEE and TEI includes three male and two female 

participants. All other data includes seven total participants. We used paired t-tests to evaluate 

alterations in pre-ABEH and post-ABEH data. Linear regression analysis was used to determine 

the relationship between TEE and lean tissue mass (LTM). Statistics were considered 

significant with a P-value of less than 0.05. Data are presented as means±SD.

3.4. Results

3.4.1. ABEH Overview

Three (#5, #6 and #7) out of the seven participants were successful in harvesting an animal 

(one caribou and two moose, respectively). Two (#3 and #4) participants were mountain hunting 
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for sheep (SHP) and five participants (#1, #2, #5, #6 and #7) were “float-dragging” a raft through 

a remote river corridor for moose and caribou (FD) (Bartlett 2014).

3.4.2. Total Energy Expenditure

The average TEE was 17.4±2.6 MJ/day with 19.1±0.1 MJ/day and 16.3±2.4 MJ/day for SHP 

and FD hunters, respectively. The average absolute TEE was 18.2±2.0 MJ/day and 16.2±2.9 

MJ/day for males and females, respectively (Figure 1). When expressed relative to pre-ABEH 

body composition measurements, TEE/LTM was similar in males (60.6±4.3 MJ∙kg LTM-1∙day-1) 

and females (64.3±5.8 MJ∙kg LTM-1∙day-1) (Figure 1). There was a significant relationship 

between TEE and LTM (Y = 74.44*X  - 817.9; P = 0.03) (Figure 2).

3.4.3. Total Energy Intake

The TEI was 7.7±3.4 MJ/day with 5.4±1.9 MJ/day and 9.4±4.0 MJ/day for SHP and FDhunters, 

respectively. Males and females consumed a TEE of 9.4±4.2 MJ/day and 5.8±4.2 MJ/day, 

respectively. Based on an average TEE of 16.3 MJ/day and a TEI of 7.7 MJ/day, the net energy 

balance was -9.7 MJ/day, or -2320 calories/day. (Figure 1).

3.4.4. Macronutrient Intake

The average intake of protein, fat, and carbohydrates was 84±37 grams/day, 77±42 grams/day, 

and 165±91 grams/day, respectively (Figure 3). On the percentage of caloric intake, protein, fat, 

and carbohydrate was 20±9%, 41±22%, and 39±22%, respectively. The average protein intake 

relative to body weight was 1.03±0.40 grams/kg body weight in the five participants whose TEE 

was 17.4±2.1 MJ/day and TEI was 7.7±3.4 MJ/day. The average protein intake in all seven 

participants was 1.01±0.11 grams/kg body weight; highlighting similar levels of protein intake 

among the two participants who received sham doses of DLW for determination of potential 

changes in background enrichment.
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3.4.5. Body Weight and Body Composition

There were significant reductions in body weight (P=0.01) and BMI (P=0.01) (Table 1). Total fat 

mass, percent fat, android fat, arm fat, and trunk fat was reduced. There were strong trends 

towards the reduction of leg fat (P=0.06) and gynoid fat (P=0.06). The android/gynoid ratio was 

reduced (P=0.005) along with decreased visceral fat mass (P=0.006), and visceral fat volume 

(P=0.006); representing the most remarkable alterations in body fat (Table 2).

There were no significant changes in whole body LTM, arm LTM, leg LTM, android LTM or 

gynoid LTM. A strong trend (P=0.12) toward an increase in trunk LTM was demonstrated. A 

significant increase in trunk lean mass (P=0.04) and total LTM was noted in women (P=0.01) 

(Table 3). There was a strong trend (P=0.06) towards a relationship between protein intake and 

ABEH-induced changes in LTM (P=0.09) (Figure 3). In fact, all participants gained between 0.2

1.4 kg of LTM except for one individual who consumed 0.5 g/kg of protein and lost 2.0 kg of 

LTM. (Figure 3). There were no significant changes in XT (Table 3).

No significant changes in arm, trunk, android, or total bone mineral content were indicated.On 

the other hand, increases in bone mineral content were detected in the leg (P=0.04) and gynoid 

(P=0.03) regions (Table 3).

When categorized by males and females, body mass, body mass index, fat mass, and whole 

body LTM was 90±4 kg and 72±8 kg, 26±1 kg/m2 and 25±3 kg/m2, 19±3 kg, and 19±4 kg, 66±3 

kg and 49±8 kg, respectively.

3.4.6. Intrahepatic Lipid

There was a significant reduction in MRI/MRS-derived IHL (P=0.007) (Figure 4). This reduction 

in IHL was consistent with our previous study (Coker et al. 2018a), but these data now include 

females.

51



3.4.7. Blood/Serum Parameters

No significant changes were noted in the basic metabolic panel (i.e., glucose, blood urea 

nitrogen (BUN), creatinine, estimated glomerular filtration rate, BUN/creatinine, sodium, 

potassium, chloride, carbon dioxide, and calcium) (Table 4). All values were within normal limits. 

With regard to the lipid panel, there were significant reductions in total cholesterol (P=0.01), 

LDL-cholesterol (P=0.004), VLDL-cholesterol (P=0.02), and triglycerides (P=0.02) (Table 4).

While HDL-cholesterol did not decrease (P=0.18), there was a reduction in triglyceride/HDL- 

cholesterol (P=0.02). Significant reductions in total protein (P=0.007), albumin (P=0.01), and 

total bilirubin (P=0.01) were noted (Table 4). Overall, there were no changes in alanine 

aminotransferase, alkaline phosphatase, and aspartate aminotransferase, but each one was 

significantly reduced in females (P=0.004, 0.004, and 0.02, respectively) (Table 4).

3.5. Discussion

The results of our current study demonstrated high levels of TEE and modest TEI that 

consistently contributed to negative energy balance during the 8-12 day ABEH in healthy males 

and females. The short-term period of negative energy balance elicited reductions in body 

weight and adipose tissue. With the percentage of dietary protein, fat, and carbohydrate intake 

at ~20%, 40%, and 40%, respectively, LTM and XT was preserved in spite of the arduous 

physiological and field conditions. We also demonstrated rapid, significant reductions in serum 

lipids and IHL that met or exceeded dietary, exercise, and/or pharmaceutical interventions over 

longer periods of time in individuals at a greater risk for metabolic diseases (Hays et al. 2008).

Exercise training interventions have demonstrated reductions in body weight, adipose tissue, 

and visceral fat (Da Silva et al. 2020). In efforts to improve outcomes in a short period of time, 

high intensity interval training has also been utilized successfully to promote beneficial
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alterations in body weight, especially when combined with resistance training (Stoner et al. 

2016). Expedient alterations in body composition in this particular study were likely linked to 

high levels of negative energy balance (i.e., -9.7 MJ/day) elicited by sustained elevations in 

physical activity (Strasser et al. 2007). That being said, long-term weight loss remains difficult to 

achieve for many individuals (Swift et al. 2014), and this may be due to the inability to maintain 

sufficient activity.

The minimum recommendations of 150 min/week of moderate or 75 min/week of vigorous 

physical activity are generally insufficient to promote clinically significant weight loss (Donnelly 

et al. 2009). The exercise duration threshold seems to occur at ~225 min/week with 

interventions lasting at least 12 weeks or longer in obese individuals (Donnelly et al. 2009). The 

ABEH immersion provoked a swift decline in body weight and fat compared to much longer 

supervised training regimens. If we were to extrapolate the average negative energy balance of 

the entire ABEH immersion, it would be equivalent to ~80 MJ in only the hunters who received 

DLW. Theoretically, the negative energy balance would have contributed to the loss of ~2.5 kg 

of body weight. We measured a reduction of 1.5 kg of body weight and 1.7 kg of fat loss in 

these same individuals, with almost 80% of the fat reduction occurring in the trunk region of all 

seven participants. The ABEH immersion promoted a rapid reduction in trunk and visceral fat, 

potentially offering unique benefits in the protection against metabolic risk in a middle-aged 

cohort of participants as recently outlined (Barbour-Tuck et al. 2019).

In our prior work, we were not able to adequately evaluate ABEH-induced alterations in serum 

lipids (Coker et al. 2018a). We now describe consistent reductions in total cholesterol, LDL- 

cholesterol, VLDL-cholesterol, triglycerides, and triglyceride/HDL-cholesterol in healthy females 

and males whose initial lipid levels were already within normal limits. The clinical significance of 

these data is based on the abundant evidence that supports the link between elevated 
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atherogenic lipids and cardiovascular disease (Prospective Studies Collaboration 2007). Due to 

the deleterious influence of elevated circulating lipids on cardiovascular health, studies have 

employed exercise training paradigms to improve lipid profiles with variable results (Pedersen & 

Saltin 2006). In a recent seminal review article (Leon & Sanchez 2001) that examined 

randomized controlled trials in individuals with a slightly higher BMI than our own cohort of 

participants, it was concluded that the responsiveness of blood lipids to exercise training 

programs of 11 weeks to 1 year were inconsistent at best. In fact, only 3 of the 10 trials 

described a significant reduction in LDL-cholesterol or triglycerides.

A number of variables can affect serum lipids, such as the lack of laboratory standardization 

(Leon & Sanchez 2001), genetic variations (Despres et al. 1988), and exercise training that 

does not result in significant weight loss (Wang & Xu 2017). It has been proposed that for every 

kg of body weight loss, there will be a 0.8 mg/dL reduction in LDL-cholesterol (Goldberg et al. 

2011; Kodama et al. 2007. Using this calculation, we would have estimated a 1.2 mg/dL 

reduction in LDL-cholesterol. Instead, we reported a 24.9 mg/dL reduction in LDL-cholesterol. 

Given the well-described sensitivity of HDL-cholesterol (Chapman et al. 2011), it was somewhat 

surprising that HDL-cholesterol did not change. However, the triglyceride/HDL-cholesterol ratio, 

a strong predictor of all-cause mortality linked to cardiovascular disease (Hamaguchi et al. 2007) 

was reduced, making the rapid improvements in IHL all the more intriguing. It is very well 

accepted that the development of non-alcoholic fatty liver disease represents a hepatic 

manifestation of metabolic disease that has been linked to an increased risk of atherosclerotic 

cardiovascular disease (Donnelly et al. 2005). Excessive positive energy balance combined with 

a) triglycerides derived from hepatic de novo lipogenesis, b) fatty acids derived from stored fat, 

and c) triglyceride rich lipoproteins, overwhelm normal lipid flux and hepatic function (Shojaee- 

Moradie et al. 2016). In the presence of a relatively well-balanced diet with respect to protein, 

fat, and carbohydrate intake, exercise may protect against these etiological processes through a 
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reduction in hepatic de novo lipogenesis affecting lipid flux via an increase in the VLDL1- 

triglyceride fractional catabolic rate (Abadi et al. 2009). The inherent movement constancy of the 

8-12 day ABEH immersion promoted improvements in serum lipids and IHL in generally healthy 

individuals. Based on the complex molecular regulatory factors that have independent effects on 

cardio-metabolic health (Ryu et al. 2015), these results suggest the efficacious synergism 

between an overall reduction in sedentary time (Johnson et al. 2009), mild to intense exercise 

(Thoma et al. 2012), and weight loss (Coker & Wolfe 2018b).

The atrophy of skeletal muscle during weight loss has been studied extensively in a wide range 

of individuals due to its inextricable link to deleterious alterations in physical function and/or 

performance (Cava et al. 2017; Church et al. 2019; Palus et al. 2014; Tassone & Baker 2017). 

Our ABEH immersion resulted in negative energy balance largely due to the influence of 

sustained physical activity on TEE, coupled with the various barriers to eating enough to 

maintain energy balance. These challenges may manifest themselves through inherent 

difficulties of nutrient access during intense movement, additional load carriage, and/or 

insufficient time or energy to prepare food. Given the remote environment, self-reliance of 

participants, and difficult terrain embedded into the ABEH, these conditions may be somewhat 

similar to military training exercises, albeit not absolutely equivocal (Alemany et al. 2008). The 

level of TEE and TEI in our study were remarkably analogous to previous investigations that 

described changes in body composition during military exercises of a similar duration (Margolis 

et al. 2014). Whereas LTM was reduced in both of these prior studies, a similar reduction was 

noted with one individual in the ABEH with low protein intake in the current study. Muscle loss 

may also be influenced by sleep deprivation commonly experienced in actual military operations 

(O'Hara et al. 2014). On the other hand, studies in our laboratory have demonstrated the 

retention of LTM despite high levels of TEE further complicated by sleep deprivation under 
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challenging environmental conditions (Johannsen et al. 2018; Schalt et al. 2018), but their 

interpretation has been limited due to the lack of data on dietary macronutrient intake.

We report no reductions in LTM or MRI-derived skeletal muscle (i.e., XT) in the current study, 

with an average protein intake of 1.0±0.1 g/kg and average macronutrient intake slightly lower 

than the recommendations provided to individuals engaged in a general fitness program (Hart et 

al. 2017; Kreider et al. 2010). In fact, LTM in the android region and bone mineral content in the 

leg and gynoid region were increased, potentially linked to the overload of movement constancy 

combined with variable amounts of load carriage on posture and stability (Pasiakos & Margolis 

2017). One of our participants who was sheep hunting did experience the loss of total LTM (-2.4 

kg), trunk LTM (-1.5 kg), leg LTM (-0.9), and XT (i.e., -15.7 cm2), with a corresponding lower 

dietary protein intake of 0.54 g/kg of body weight (Figure 3). Longer term participation in ABEH 

or similar scenarios could also eventually put LTM and XT at a greater risk (Tassone & Baker 

2017). On the other hand, short-term exposure to ABEH may require strategies that provide the 

minimal amount of nutrient delivery needed to maintain skeletal muscle, instead of dietary 

recommendations more relevant in the context of supervised, periodized training (Fallon et al. 

1999).

The high physiological stress of prolonged physical activity, further complicated by episodes of 

heavy load carriage, affects muscle and hepatic metabolism (Kupchak et al. 2014). Thus, it was 

not entirely surprising that total protein, albumin, bilirubin, and alanine amino transferase were 

affected by the ABEH immersion. Runners competing in the 161 km Western States Endurance 

Run, a more acutely stressful event that the ABEH, exhibited similar baseline total protein and 

albumin levels to our participants, and these values decreased similarly during the first half of 

the event (Nagel et al. 1990). The increase in bilirubin in the current study was also consistent 

with ultra-marathon running and associated with hemolysis (Shin et al. 2016). Alanine 
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transaminase was also increased, indicative of hepatic stress (Blonde et al. 2018). While none 

of the parameters exceeded or fell below normal limits, alterations in the parameters of the 

hepatic panel provide solid evidence of the elevated physiological stress that occurred during 

the ABEH (Shin et al. 2016).

We recognize the limitations of an unscripted event that lacks internal validity with regard to 

control for environmental conditions, sleep, exercise intensity, and duration, and small 

differences in the lengths of the ABEH excursion itself. With the incredible time and resources 

(i.e., bush travel, logistical planning, satellite communication) required for a field study needing 

extensive remote support, we also realize that our small sample size reduced our statistical 

power. On the other hand, it would be fundamentally impossible to replicate these unscripted 

field-based activities in the form of a laboratory-based study due to day-to-day alterations in 

weather, variable terrain, tasks at hand, and amount of movement constancy required 

throughout each day. Even if this type of study were attempted in the laboratory, it would be 

unlikely to capture the external validity of the data presented using our ABEH approach (Blonde 

et al. 2018). Making some sex-based comparisons would be desirable. Future studies have 

already been planned to evaluate the potential for sex differences in the metabolic response to 

the ABEH scenario.

3.6. Conclusion

We have presented compelling evidence that promotes the efficacy of ABEH on improvements 

in biomarkers typically associated with an increased risk for metabolic disease in females and 

males. Even in individuals who were generally healthy, 8-12 days of unscripted activity without 

any attempt to control or manipulate dietary intake was sufficient to promote rapid 

improvements in serum lipids and IHL. We recognize that the recommendations for protein 

intake (i.e., 1.4-2.0 g/kg/day) and carbohydrate (i.e., 3-5 g/kg/day) provided by the International 
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Society of Sports Nutrition may be considerably higher during the macrocycle of a training 

period or a competitive scenario for an athlete (Carbone & Pasiakos 2019; Hector & Philips 

2018; Phillips et al. 2016). However, the practical reality of these dietary recommendations must 

be balanced against the need for agile operations over an 8-12 day period at a relatively 

constant exercise intensity, especially when carrying all provisions in a backpack across difficult 

terrain or a raft being moved over many kilometers of a dry creek bed. We suggest that the 

minimal dietary protein of 0.8 g/kg/day under these types of unscripted and self-reliant 

conditions is just that; the absolute minimal amount of protein potentially required to maintain 

skeletal muscle in the context of an anabolic stimulus provided by physical activity (Devlin et al. 

1990; Williams et al. 1996).
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Table 3.1. Clinical Characteristics

Clinical Characteristics (n=7) Pre-ABEH Post-ABEH

Age 46±7

Height (m) 1.8/0.2

Weight (kg) 81.8±10.2 80.3±9.7*

BMI (kg/m2) 25.7±2.2 25.4±2.3*

*Denotes significant difference (P<0.05) between pre- and post-ABEH. ^Denotes trend

toward a difference (P<0.10) between pre- and post-ABEH. Data are presented as

Mean±SD.

*Denotes significant difference between pre- and post-ABEH. Data are presented as Mean±SD.

Table 3.2. Adipose Parameters

Adipose Parameters Pre-ABEH Post-ABEH

Body fat (%) 24.9±5.9 23.0±6.5

Arm fat (%) 20.6±6.3 19.6±6.1*

Leg fat (%) 22.0±7.8 21.2±9.7^

Trunk fat (%) 26.7±6.1 23.8±7.2*

Android fat (%) 28.0±7.2 24.2±8.1*

Gynoid fat (%) 25.7±7.7 24.4±8.0*

Total fat (kg) 18.4±3.6 16.7±4.3*

Arm fat (kg) 1.0±0.1 0.9±0.1*
Leg fat (kg) 2.6±0.8 2.5±0.8^

Trunk fat (kg) 10.0±2.6 8.7±2.9*

Android fat (kg) 1.5±0.4 1.2±0.4*

Gynoid fat (kg) 2.9±0.8 2.8±0.9^

Visceral fat mass (kg) 0.61±0.26 0.50±0.21*

Visceral fat volume (cm3) 680±271 535±219*
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Table 3.3. Musculoskeletal Parameters

Musculoskeletal Parameters Pre-ABEH Post-ABEH

Total lean mass (kg) 59.0±10.4 59.6±10.1

Arm lean mass (kg) 7.84±2.05 7.86±1.96

Leg lean mass (kg) 20.0±3.7 20.0±3.8

Cross sectional area thigh (cm3) 148.6±25.6 146.9±21.6

Trunk lean mass (kg) 27.6±4.5 28.1±4.3^

Android lean mass (kg) 3.87±0.73 3.94±0.75*

Gynoid lean mass (kg) 8.95±1.52 9.01±1.50

Arm bone mineral content (kg) 0.50±0.11 0.50±0.11

Leg bone mineral content (kg) 1.22±0.21 1.23±0.22*

Trunk bone mineral content (kg) 0.92±0.15 0.93±0.14

Android bone mineral content (kg) 0.59±0.14 0.59±0.13

Gynoid bone mineral content (kg) 0.32±0.06 0.33±0.06*

Total bone mineral content (kg) 3.24±0.49 3.25±0.48

*Denotes significant difference (P<0.05) between pre- and post-ABEH. ^Denotes trend

toward a difference (P<0.10) between pre- and post-ABEH. Data are presented as

Mean±SD.
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Table 3.4. Blood Parameters

Blood parameters Pre-ABEH Post-ABEH
Metabolic Panel

Glucose (mg/dL) 97.5±19.1 89.8±15.8

Blood urea nitrogen (mg/dL) 17.3±3.7 15.5±2.6

Creatinine (mg/dL) 1.0±0.1 1.0±0.1
Estimated glomerular filtration rate (mL/min/1.73) 73.2±8.2 75.0±11.5

Blood urea nitrogen/creatinine 17.2±4.3 15.5±2.8

Sodium (mmol/L) 140.0±0.9 140.3±1.8

Potassium (mmol/L) 4.2±0.1 4.3±0.2^

Chloride (mmol/L) 100.5±2.0 101.5±1.0^

Carbon dioxide (mmol/L) 23.7±1.6 24.2±1.8

Calcium (mg/dL) 9.6±0.2 9.4±0.2*

Lipid Panel

Triglyceride (mg/dL) 92.5±40.8 57.8±25.1*
Total cholesterol (mg/dL) 196.7±31.4 153.2±43.1*

LDL-cholesterol (mg/dL) 105.7±33.0 80.8±27.2*

VLDL-cholesterol (mg/dL) 18.7±8.1 11.5±5.1*

HDL-cholesterol (mg/dL) 72.3±20.3 77.5±30.8

Triglyceride/HDL-cholesterol 1.4±0.9 0.9±0.5*

Hepatic function panel

Total protein (g/dL) 7.1±0.2 6.7±0.2*

Albumin (g/dL) 4.6±0.1 4.4±0.2*

Bilirubin (g/dL) 0.45±0.14 0.52±0.16*

Alanine aminotransferase (IU/L) 20.7±1.6 31.8±8.2*

Alkaline phosphatase (IU/L) 50.2±11.5 51.0±7.5

Aspartate aminotransferase (IU/L) 38.0±15.5 38.8±12.6

*Denotes significant difference (P<0.05) between pre- and post-ABEH.

^Denotes trend toward a difference (P<0.10) between pre- and post-ABEH. Data are 

presented as Mean±SD.
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Figure 3.1. Total energy intake, total energy expenditure and net energy balance in participants

#3, #4, #5, #6, #7 and their average values. Participants #1 and #2 received sham doses of

DLW.
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Figure 3.2. Relationship between total energy expenditure (TEE) and lean tissue mass (LTM) in

all participants (P=0.03)

Figure 3.3. Average dietary intake of protein, fat and carbohydrate in grams/day in all 

participants
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Figure 3.4. Relationship between average protein intake and change in lean tissue mass (LTM)

in all participants (P=0.09)

Figure 3.5. Intrahepatic lipid at pre-ABEH and post-ABEH in all seven participants.

*Represents statistically significant difference (P=0.02).
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Chapter 4. Once/Day Provision of Essential Amino Acid Enriched Meal Replacement

Improves Body Composition and Physical Function in Obese Elderly 3

3Coker, M.S., Ladd, K., Barati, Z., Murphy, C.J., Bateman, T., Newcomer, B.R., Wolfe, R.R., & Coker, 
R.H. (2021). Once/day provision of essential amino acid enriched meal replacement improves body 
composition and physical function in obese elderly. doi:10.20944/preprints 202101.0432.v1© 2021 by the 
author(s). Distributed under a Creative Commons CC BY license.

4.1. Abstract

Older, obese adults are compromised by muscle atrophy and excess adipose tissue. We have 

previously demonstrated that the acute ingestion of essential amino acids may augment net 

protein balance in the elderly. Using a double blind, randomized controlled trial, our objective 

was to compare an experimental meal replacement enriched with essential amino acids (EMR) 

to a commercial meal replacement (Optifast®) provided once/day (q.d.) for four weeks on body 

composition and physical function in older, obese participants. Twenty-nine individuals (69±5 

yrs; body mass index of 32±4 kg/m2) were randomly assigned to EMR (n=13) or Optifast® 

(n=15) supplementation. Measurements of body composition, skeletal muscle cross-sectional 

area (CSA), intrahepatic lipid, and physical function were completed pre- and post

supplementation. Body mass, fat mass, and visceral fat mass were reduced with EMR but not 

altered with Optifast®. Thigh muscle CSA increased ( 4.1 ± 1.9 cm2) with EMR but not Optifast® 

(Δ -1.8 ± 6.0 cm2). There was a significant increase in the distance covered during thesix-minute 

walk test with EMR (Δ 21±26 m) but no change in Optifast® (Δ 22±54 m).

Improvements in body composition and physical function support the efficacious use of EMR- 

based meal replacements in the obese elderly.2
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4.2. Introduction

The progressive, deleterious loss of muscle mass that occurs with aging is called sarcopenia 

(Evans 1995). Muscle atrophy that occurs in conjunction with obesity is particularly problematic, 

as the load required for functional independence is increased, but with depleted contractile 

machinery (Cauley 2015). It is therefore predictable that sarcopenic obesity has also been 

linked to the development of metabolic syndrome and diabetes (Lee et al. 2016). While losing 

weight might seem like the obvious solution, data from epidemiological studies suggest an 

obesity paradox by which body weight has a protective effect against mortality (Alalwan 2020). 

The efficacy of weight loss in addressing sarcopenic obesity is further complicated by low 

fitness levels in the obese elderly (Coker 2018); not surprisingly co-mingled with low interest in 

physical activity as a viable intervention (Weiss et al. 2006). Moreover, most individuals, 

particularly the obese elderly prefer dietary modification as their only strategy to potentially 

improve body composition.

In addition to the health problems associated with sarcopenia and obesity, inadequate 

nutritional intake can be a significant concern as well (Borkent et al. 2019). For example, a 

decline in the quality of the diet can negatively affect optimal body composition and further 

exacerbate the risks of disability among elderly adults (Keller 2007). To address these 

concerns, many individuals and health care providers utilize meal replacements to help maintain 

body weight and more importantly functional independence (Payette et al. 2002). While the use 

of standard meal replacements may be effective for weight management in young to middle

aged populations (Heymsfield et al. 2003), it is quite possible that the overall efficacy of meal 

replacements may be more complex in the elderly due to the presence of anabolic resistance 

(Wilkinson et al. 2018).

78



Previous work from our laboratory has demonstrated the superiority of a meal replacement 

enriched with essential amino acids (EAAs) compared to other meal replacements on whole 

body net protein balance under isocaloric conditions in the obese elderly (Coker et al. 2020). 

These responses were largely due to the provision of specific amounts and profiles of EAAs and 

non-essential amino acids required for overcoming anabolic resistance in the elderly (Coker et 

al. 2015). Despite the widespread popularity of meal replacements among the elderly and the 

broad use of dietary strategies to improve overall health throughout modern society, longitudinal 

evaluations designed to study efficacy of EAA-based meal replacements are limited. Therefore, 

we have tested the hypothesis that daily consumption of an EAA-enriched meal replacement 

(EMR) would promote improvements in body composition, skeletal muscle, intrahepatic lipid and 

physical function compared an isocaloric commercially available meal replacement (i.e., 

Optifast®) in the obese elderly (Table 1).

4.3. Methods

4.3.1. Recruitment

We posted informational flyers and newsletters on the University of Alaska Fairbanks (UAF) 

campus. We held brief informational presentations for the purpose of educating seniors in our 

community, providing them with an opportunity to participate in the study described herein.

Individuals from all racial, ethnic and/or cultural backgrounds between the ages of 60-85 years 

old with a body mass index of 26-40 kg/m2 were encouraged to participate (Table 2). Anyone 

interested in the trial was encouraged to call our secure, telephone answering service, allowing 

private and individual telephone conversations to assess eligibility. This study was powered to 

evaluate changes in body composition in an older obese cohort. Therefore, no attempt was 

made to stratify participants according to age or gender. The project (Nutrient Strategies for 

Muscle Preservation: 986801-17) and all related documents were approved on 18 September 
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2017 by the UAF Institutional Review Board. All participants provided written informed consent 

prior to participation.

4.3.2. Exclusion Criteria

Individuals with a pacemaker or other implanted metal device or object, or who had been 

previously diagnosed with insulin dependent diabetes, active cancer or malignancy, or a chronic 

inflammatory condition were excluded. Individuals taking medications, supplements or 

corticosteroids that might have influenced metabolism or corticosteroids were not enrolled. 

Finally, any individual with a disease or condition that would have placed them at risk or harm to 

themselves or others were also excluded.

4.3.3. Study Participants

Once it was established that individuals were eligible for participation, we enrolled twenty- nine 

older, obese males and females (69±5 yrs; 32±4 kg/m2) of all races and ethnic backgrounds into 

a double blind, randomized controlled trial. Participants were weight stable and were not 

participating in a weight loss or exercise program at the time of enrollment. During pre- and 

post-supplementation study visits, participants completed the following: a) measurement of body 

weight and height via electronic scale (Health-o-Meter, St. McCook, IL, USA), b) measurements 

of body composition using dual energy x-ray absorptiometry (DXA) scans (General Electric 

iDXA; Madison, WI), c) measurement of the cross-sectional area (CSA) of the skeletal muscles 

in the upper thigh and intrahepatic lipid utilizing molecular imaging/spectroscopy (MRI/MRS) 

(Toshiba Excelart/Vantage 1.5 T MRI/MRS imaging system; Canon, Otawara, Tochigi, Japan), 

c) physical function testing, and d) blood sampling/analysis for hepatic, lipid, and metabolic 

panels. Procedures were performed in the Clinical Research and Imaging Facility on the UAF 

campus except for blood sampling/analysis performed by LabCorp (1626, 30th Avenue, 

Fairbanks, AK). Participants were asked to consume their assigned meal replacement (i.e.,
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EMR or Optifast®) once each day for four weeks and return each week for refills of their 

product. Participants returned once each week where research staff recorded their body weight 

and the weight of any leftover product, and to provide refills of their respective meal 

replacement. Participants refrained from alcohol consumption (24 h) and intense physical 

activities (72 h) prior to pre- and post-supplementation study visits.

4.3.4. Body composition

Determination of fat mass, lean tissue mass, visceral fat mass and bone mineral content was 

provided by DXA scans (General Electric iDXA; Madison, WI).

4.3.5. Magnetic Resonance Imaging/Spectroscopy

Measurement of the thigh muscle CSA and intrahepatic lipid were performed in our laboratory 

as previously described (Coker et al. 2020).

4.3.6. Physical Function

Study participants were familiarized with functional tests prior to any performance or 

measurements of grip strength, floor transfer time or walking distance/speed. Participants were 

instructed to perform their grip strength measurements three times using the hand-held 

dynamometer (Lafayette Instrument, Lafayette, IN) and the final value, in kilograms, was 

obtained from averaging the second and third attempts. In the floor transfer test, we measured 

the amount of time required to move from a standing position to a supine position and back up 

to a complete standing position (Coker et al. 2015). For the 6-minute walk test, the participant 

was instructed to walk as fast as possible without assistance for the entire 6-minute period in an 

unobstructed hallway. Time was recorded in meters/second obtained using a stopwatch (Coker 

et al. 2015).
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4.3.7. Blood Measurements

Sampling and analysis of all blood samples was performed by LabCorp (1626, 30th Avenue, 

Fairbanks, AK) as previously described (Coker et al. 2020).

4.4. Results

4.4.1. Research Participants

Twenty-nine older, obese individuals were randomly assigned to 4 weeks of isocaloric ingestion 

of either EMR (containing 16 grams of individual EAAs) (n=13) or Optifast® (containing 16 

grams of intact protein) (n=15) (Table 1) and completed all aspects of testing related to body 

composition and physical function. Two participants failed to complete both MRI/MRS scans.

4.4.2. Body Composition

There were no differences in baseline measurements of body composition (Table 3). Body 

weight, fat mass, and visceral fat mass were reduced in EMR but not in Optifast®. Lean tissue 

mass was preserved in EMR but a trend towards lean tissue mass reduction (P=0.06) occurred 

in Optifast® (Table 3). There were no changes in appendicular lean tissue mass or appendicular 

lean tissue mass/BMI in EMR or Optifast® (Table 3).

4.4.3. Skeletal Muscle

Baseline thigh muscle CSA was not different between EMR (136±30 cm2) and Optifast® 

(142±34 cm2). Thigh muscle CSA increased significantly with EMR but did not change with 

Optifast® (Figure 1).

4.4.4. Liver Lipid

There was a significant reduction in MRI/MRS-derived intrahepatic lipid with EMR and no 

change with Optifast® (Figure 2).
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4.4.5. Physical Function

There were no differences in baseline grip strength (kilograms), floor transfer test (seconds) or 

six-minute walk (meters) between the two groups. No changes in grip strength occurred with 

EMR or Optifast® (Table 4). The time required to perform the floor transfer test was reduced in 

EMR but not in Optifast® (Table 4). Also, there was a significant increase in the distance 

covered during the six-minute walk test with EMR (Δ 21±26 m) but no significant change in 

Optifast® (Δ 22±54 m) (Table 4).

4.4.6. Blood Parameters

Blood lipids were represented by total cholesterol, high density lipoprotein (HDL) cholesterol, 

low density lipoprotein (LDL) cholesterol and triglycerides. Hepatic function was characterized 

by protein, albumin, total bilirubin, direct bilirubin, alkaline phosphatase, aspartate 

aminotransferase, and alanine aminotransferase. The metabolic panel was expressed by 

glucose, blood urea nitrogen, creatinine, blood urea nitrogen/creatinine and eGFR. All baseline 

blood parameters were within normal limits in both groups and were not affected by 

supplementation (Table 5).

4.5. Discussion

The purpose of this study was to evaluate whether one serving/day of EMR for 4 weeks would 

maintain skeletal muscle and promote the reduction of adipose tissue in older, obese 

individuals. Our primary conclusion is that that provision of EMR enabled the preservation of 

lean tissue mass and increased thigh muscle CSA, while reducing excess adipose tissue and 

visceral adipose tissue. These beneficial changes occurred in conjunction with increased 

functional capacity as indicated by improvements in the floor transfer test and the six-minute 

walk test in with no undesirable side effects with EMR. Therefore, it is apparent that the daily 

supplementation of a proprietary blend of 16 grams of EAAs included in EMR was more 
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effective than Optifast® in promoting positive changes in body composition and physical 

function in the obese elderly.

We have previously demonstrated the beneficial influence of EMR on whole body protein 

synthesis, protein breakdown, and net protein balance compared to a high protein meal 

replacement (i.e., Bariatric Advantage) in older, obese adults using stable isotope methodology 

(Coker et al. 2019). Our acute metabolic study utilizing a randomized, cross-over design 

provided the initial “proof of concept” upon which we based the physiological outcome study 

described herein. The profile of EAAs in EMR was formulated to optimize translation of protein 

synthesis and overcome anabolic resistance in the context of aging (Breen and Phillips 2011; 

Katsanos et al. 2006). The daily provision of EMR over the course of 4 weeks promoted an 

increase in skeletal muscle in older, obese individuals. The beneficial alteration in body 

composition occurred without any change in physical activity or additional dietary manipulation. 

Unlike the use of growth hormone, testosterone , or other pharmaceutical approaches that are 

complicated by potential adverse side effects (Alturki et al. 2018), EMR did not elicit any serious 

adverse events or side effects. In fact, markers of hepatic and kidney function were within 

normal limits at baseline and did not change over the course of the 4-week study with the 

consumption of either EMR or Optifast®.

MRI, or computed tomography (CT) derived measurement of thigh muscle CSA represents the 

gold standard for the evaluation of muscle mass, as this method is near identical when 

compared to cadaveric data (Mitsiopoulos et al. 1998). Therefore, the significant increase in 

thigh muscle CSA in EMR compared to a slight but not significant reduction in Optifast® is 

particularly compelling. It is our assertion that EMR provides the requisite EAAs required to 

overcome anabolic resistance in the elderly, presumably facilitated by the optimization of 

intracellular translation, associated with the amino acid precursors in the profile needed to
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support accelerated muscle protein synthesis (Katsanos et al. 2006). The improved muscle CSA 

in those receiving EMR translated to improvements in the six-minute walk test and the floor 

transfer test; both of which have been tightly linked to independent living and/or functional 

capacity in the elderly (Ardali et al. 2019; Kervio et al. 2003).

The reduction in whole body and visceral adipose tissue in the EMR group may have been tied 

to the energy cost of accelerated protein synthesis (Deane et al. 2020). For example, we know 

that 20 kcals are used every 1 mol of amino acids incorporated into muscle protein (Wolfe 

2006). Based on a theoretical calculation using data from our previous study, the stimulation of 

protein synthesis resulting from a single serving of EMR, multiplied by 30 days, would only 

account for an increased expenditure of 1596±143 kcals. Therefore, it is likely that the provision 

of EMR several times throughout the day and/or as part of a caloric restriction strategy would be 

more beneficial in promoting impressive reductions in visceral and whole-body adipose tissue.

In addition to our concerns related to sarcopenic obesity in the elderly, we are also aware that 

non-alcoholic fatty liver disease (NAFLD) has reached epidemic proportions in the obese elderly 

(Bischoff et al. 2017). Closely associated with insulin resistance and metabolic syndrome, 

NAFLD not only contributes to metabolic dysregulation, but can also lead to nonalcoholic 

steatohepatitis, putting individuals at an increased risk for fibrosis, cirrhosis, and liver failure 

(Patel et al. 2016). While the precise effects of increased amino acid intake upon NAFLD are 

still unclear, previous work has demonstrated that 11 grams of essential amino acids provided 

twice daily reduced intrahepatic lipid and plasma lipids (Borsheim et al. 2009). Pre-clinical 

studies suggest that energy requirements for amino acid metabolism may enhance the oxidation 

of intrahepatic lipid (Pichon et al. 2006). While some studies have suggested an association 

between elevated branched chain amino acid concentrations and insulin resistance (Gaggini et 

al. 2018; van den Berg et al. 2019), we demonstrated a significant reduction in intrahepatic lipid 
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with once/day supplementation of essential amino acids in the form of EMR over the course of 

one month in obese elderly (Figure 2). Our results are consistent with considerable literature 

where BCAAs have been given to subjects without inducing insulin insensitivity (Paddon-Jones 

et al. 2005; Vieira et al. 2020).

4.6. Conclusions

The EMR approach is unique in that the anabolic influence of the EAAs can be maximized 

within the context of a single meal instead of multiple feedings throughout the day. The positive 

benefits of EMR consumed daily for four weeks by our obese, elderly participants occurred with 

no changes in physical activity or additional dietary manipulation. Alternatives to the utilization of 

EMR are time-consuming and tedious with limited pragmatic application in this cohort, offering 

relatively modest if any benefits despite exceptionally high financial costs and the need for 

clinical supervision (Beavers et al. 2019). On the other hand, daily provision of EMR for just one 

month promoted a net gain of thigh muscle CSA determined by MRI scans, as well as 

significant reductions in total fat mass, and more importantly, visceral fat mass. EMR represents 

a new concept in modification of body composition and metabolic health that can be achieved 

with minimal inconvenience or stress to the user.
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Table 4.1. Represents Macronutrients in EMR and Optifast®

Macronutrients EMR (grams) EMR (calories) OF (grams) OF (calories)

EAA's 16 66 0 0

Protein 6 24 16 66

Fat 3 27 4 32

Carbohydrate 11 45 15 62

Total 36 162 40 160

Depicted above in Table 1,Macronutrients (currently in review).

Table 4.2. Represents Clinical Characteristics before and after EMR and Optifast®.

Clinical characteristics EMR (pre) EMR (post) Optifast® (pre) Optifast® (post)

Age (years) 67.2±4.9 69.2±5.3

Sex (m/f) 6/7 6/9

Body mass (kg) 86.6±9.3 85.8±9.1* 92.7±18.8 91.8±17.8

Body mass index (kg/m2) 30.9±2.3 30.5±0.6 33.7±5.0 33.3±4.8

Waist Hip Ratio 0.93±0.09 0.93±0.10 0.93±0.10 0.93±0.09

*Denotes significant reduction (P<0.05).

Depictedabove in Table 2, Clinical Characteristics (currently in review).
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Table 4.3. Represents Body Composition before and after EMR and Optifast®

Body Composition
EMR EMR Optifast® Optifast®

(pre) (post) (pre) (post)

Body Fat (%) 40±2 39±7 41±8 41±8

Adipose Tissue Mass (kg) 33±6 32±5* 36±10 33±8

Visceral Adipose Tissue Mass (kg) 1.8±0.8 1.7±0.2* 2.0±1.5 1.5±1.2

Android Adipose Tissue (%) 48±7 48±6 47±9 45±9

Gynoid Adipose Tissue (%) 39±9 39±8 41±10 41±10

Android/Gynoid Ratio 1.3±0.2 1.3±0.2 1.2±0.3 1.1±0.3

Trunk Adipose Tissue (%) 44±7 43±6 43±7 41±7

Arm Adipose Tissue (%) 36±10 36±10 37±10 36±10

Leg Adipose Tissue (%) 33±10 33±10 38±11 38±12

Lean Tissue Mass (kg) 51±10 51±9 52±12 50±12^
Appendicular Lean Tissue Mass (kg) 24±5 24±5 25±7 24±6

Appendicular Lean Tissue Mass/BMI 0.7±0.2 0.8±0.1 0.7±0.2 0.7±0.2
Bone mineral density (g/cm2) 1.3±0.1 1.3±0.2 1.3±0.1 1.2±0.2

*Denotes significant improvement (P<0.05).

Depicted above inTable 4, Physical Function (currently in review).

*Denotes significant reduction (P<0.05). ^Represents trend towards reduction (P=0.06).

Depicted above inTable 3, Body Composition (currently in review).

Table 4.4. Represents Physical Function before and after EMR and Optifast®

Physical Function
EMR (pre) EMR

(post)

Optifast®

(pre)

Optifast®

(post)

Right Arm Grip Strength (kg) 37±11 38±9 34±10 36±11

Left Hand Grip Strength (kg) 37±11 36±11 35±13 36±13

Floor Transfer Test (sec) 8.9±2.9 7.9±2.3* 14.7±11.7 11.2±7.4

Six Minute Walk distance (m) 557±69 578±76* 541±128 563±113

Walking Speed (m/sec) 1.5±0.2 1.6±0.2* 1.5±0.4 1.6±0.3
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Table 4.5. Represents Blood Parameters before and after EMR and Optifast®

Blood parameters EMR
(pre)

EMR
(post)

Optifast®
(pre)

Optifast®
(post)

Total cholesterol (mg/dl) 178±33.4 176±30 197±34 186±41

HDL cholesterol (mg/dl) 54±15 53±14 59±15 61±14

LDL cholesterol (mg/dl) 102±27 101±27 118±32 108±34

Triglycerides (mg/dl) 115±50 111±55 98±36 87±40

Protein (g/dL) 6.5±0.3 6.8±0.3 6.7±0,.4 6.8±0.4

Albumin (g/dL) 4.3±0.2 4.4±0.2 4.2±0.2 4.3±0.2

Total Bilirubin (g/dL) 0.6±0.3 0.4±0.3 0.5±0.3 0.5±0.3

Direct Bilirubin (g/dL) 0.1±0.0 0.1±0.1 0.1±0.1 0.1±0.1

Alkaline Phosphatase (IU/L) 70±16 69±17 71±15 70±15

Aspartate Aminotransferase (IU/L) 21±4 22±3 24±7 24±4

Alanine Aminotransferase (IU/L) 21±5 20±6 22±10 21±7

Glucose (mg/dL) 94±14 101±30 102±50 93±10
Blood Urea Nitrogen (mg/dL) 18±5 21±4 19±4 20±5

Creatinine (mg/dL) 0.8±0.1 0.9±0.2 0.9±0.2 0.9±0.2

BUN/Creatinine 21±6 24±5 21±4 22±5

eGFR (mL/min/1.73) 81±14 76±14 74±13 75±16

Depicted above inTable 5, Physical Function (currently in review).
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Figure 4.1. Change in thigh muscle cross-sectional area with Optifast® and EMR.

* Denotes significant increase with EMR (P<0.05). Depicted as Figure 1 (manuscript in review).

Figure 4.2. Change in intrahepatic lipid with Optifast® and MR. *Denotes significant reduction

with MR (P<0.05). Depicted as Figure 2 (manuscript in review)
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Chapter 5. Summary and Conclusions

5.1. Discussion

The hunter/gatherer lifestyle has long been thought to be associated with benefits of improved 

health. Epidemiological studies of Arctic Indigenous peoples have indicated that nutritional 

consumption of traditional, wild game/fish demonstrate a positive association with improved 

health (Lavigne-Robichaud etal. 2018). However, specific aspects of health based on cause and 

effect rationale have not been sought. This body of work has shown that modern methodologies 

can be used to give answers for very specific health aspects of an age-old lifestyle, that of the 

hunter/gatherer, adding to very important research that has already been accomplished.

There is a higher concentration of essential amino acids (EAAs) in wild, free-range red meat as 

opposed to hunted game that may be consuming corn and grain for a significant portion of 

their diet. Free-range reindeer (FR) has a higher EAA concentration than an equivalent serving 

size of 70% lean and 30% fat commercial beef (CB). Also present is a higher concentration of 

omega-3 fatty acids. Both are significant in protein kinetics. The most important observation of 

this study (Coker 2021a) is that FR resulted in a greater anabolic response in humans, reflected 

by higher net protein balance, than an equal serving of CB. To my knowledge, this is the first 

report demonstrating the benefits of free-range red meat analogous to caribou consumed in the 

traditional, Alaska Native diet, on immediate changes in protein metabolism. Greater net protein 

balance was linked to higher plasma EAA concentrations stemming from the greater EAA 

content per ounce-equivalent serving of FR compared to CB. Higher plasma EAA 

concentrations following ingestion of FR likely contributed to the suppression of protein 

breakdown. Small increments in the acute ingestion of omega-3 fatty acids would not be likely to 

influence protein metabolism (Magee et al. 2012). Nonetheless, consistent consumption of FR 

or another wild, free-range red meat may offer even greater benefits with regard to lean tissue 
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preservation. Substantial evidence suggests that omega-3 fatty acids may also mitigate protein 

breakdown (Magee et al. 2012), but longitudinal supplementation is necessary for anabolic 

benefits (Di Girolamo et al. 2014), supporting the beneficial impact of consumption of wild, free- 

range red meat over the course of a lifetime.

My studies of extreme backcountry hunters further demonstrated health benefits of those who 

may choose to practice the hunter/gatherer lifestyle when possible (Coker et al. 2021b). 

Expedient alterations in body composition over the 8-12 day Alaska Backcountry Expeditionary 

Hunt (ABEH) were likely linked to high levels of negative energy balance elicited by sustained 

elevations in physical activity (Strasser et al. 2007). That being said, long-term weight loss 

remains difficult to achieve for many individuals (Swift et al. 2014), and this may be due to the 

inability to maintain sufficient activity. Such activity cannot be obtained experienced by hunters 

who choose more sedentary methods of obtaining wild game and fish. Lean tissue mass and 

thigh muscle cross-sectional area were preserved in spite of the arduous physiological and field 

conditions and moderate caloric intake. We also demonstrated rapid, significant reductions in 

serum lipids and intrahepatic lipid (IHL) that met or exceeded dietary, exercise, and/or 

pharmaceutical interventions over longer periods of time in individuals at a greater risk for 

metabolic diseases (Hays et al. 2008). The movement constancy of the hunter/gatherer, 

whether hunting game, fishing, or picking berries, may contribute to these beneficial aspects of 

health.

Not every individual has the means or the desire to live the lifestyle of the hunter/gatherer. One 

group that might include such individuals would be the older, obese population. I employed a 

different approach to create positive health benefits for them. The high concentration of EAAs in 

wild, free-range red meat was significant in suppression of protein breakdown. I utilized this 

phenomenon in a meal replacement that was high in essential amino acids and leucine to allow 
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older, obese individuals to simulate the amino acid profile they might obtain from intake of wild, 

free-range red meat. The positive benefits of the experimental meal replacement (EMR) 

consumed daily for four weeks by our obese, elderly participants occurred with no changes in 

physical activity or additional dietary manipulation. Daily provision of EMR for just one month 

promoted a net gain of thigh muscle cross-sectional area determined by MRI scans, as well as 

significant reductions in total fat mass, and more importantly, visceral fat mass. This new 

concept, a provision of EMR similar to the amino acid profile of wild, free-range red meats, 

prompted positive modifications of body composition and metabolic health that can be achieved 

with minimal inconvenience or stress to the user who might not be able or desire to be a 

hunter/gatherer.

Loss of lean tissue mass during aging is closely connected to chronic health conditions, as 

sarcopenia is associated with a chronic pro-inflammatory disposition and increased oxidative 

stress (Liguori et al. 2018; Marzetti et al. 2017). The two most common chronic conditions in 

older adults are hypertension and high cholesterol, both of which are negatively influenced by 

high blood lipid levels (Waters and Graf 2018). By 2030, it is expected that 83.4 million people in 

the U.S. will have three or more chronic diseases. This is staggering when compared to the 

already significant 30.8 million just 15 years prior in 2015 (Waters and Graf 2018). The total 

financial cost of chronic disease in the U.S. was $3.7 trillion in 2016, with the number one driver 

being diabetic patients (Waters and Graf 2018), many of whom have sarcopenia (Liguori et al. 

2018; Marzetti et al. 2017). These chronic health conditions propel high direct or indirect costs 

for individuals, families, and communities, and do so physically, financially, and emotionally. 

Costs are then extended outward to further burden the state and federal levels. As an example, 

Alaska requires more federal Medicaid assistance in every category than any other state 

(National Council on Aging 2021).
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The positive health benefits of the hunter/gatherer lifestyle shown in these studies would 

diminish costs in all areas. Net protein balance was positively affected by wild, free-range red 

meats as shown through my feeding-induced isotope infusion studies with FR. Lean tissue 

mass was preserved but fat mass, blood lipid, and IHL levels were definitively reduced by the 

ABEH. The provision of a meal replacement somewhat similar to the EAA profile of FR reduced 

the visceral fat most associated with metabolic disease and increased lean tissue preservation. 

These improvements should positively leverage the health and inherent value of wild, free-range 

red meats and the rights of individuals who hunt by choice or necessity. Environmental efforts to 

protect the land and game resource may also use this information to increase support for 

conservation. The value proposition provided by FR may now better inform governmental, 

public, and healthcare policies specific to those who choose to provide a superior, wild and free- 

range meat protein source to their families through execution of the hunter/gatherer lifestyle.

5.2. Future Directions

Positive health benefits of wild, free-range red meat may also have a positive influence on the 

public's perception of the hunter/gatherer lifestyle (Byrd et al. 2017), and create niche markets 

for wild, free-range game (Marescotti et al. 2019) that can be made available for those 

individuals who appreciate the value of the resource but lack adequate access. It should be 

recognized that higher amounts of EAAs/total weight in FR or higher protein quality were largely 

influenced by the consumption of wild forage which has also been demonstrated in grass-fed or 

organic cattle (Patel et al. 2016).

Access to “grass-fed” beef and other sources of high-quality proteins may be cost-prohibitive or 

impossible to access for many individuals (Henchion et al. 2017). Future research to provide a 

better understanding of how wild, free-range red meats affect muscle maintenance will inform 

consumer choices related to either hunting wild game or purchasing CB. Investigations of 
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various species of unusual wild and indigenous protein sources (i.e., whale, seal, etc.) upon net 

protein balance would be important to those populations, as would exploration of effects of 

various food sources of the animal consumed. It would also be advantageous to gain an 

understanding of how various food sources of the animal consumed might affect protein 

metabolism and additional metabolic parameters.

Comparisons among individuals with various stages of metabolic abnormalities were beyond the 

scope of my study and prevented me from comparing individuals based on body weight, 

ethnicity, and sex. Nevertheless, wild, free-range game, with a direct benefit to muscle 

preservation provides a direct value that could potentially influence laws and regulations 

surrounding the protection of the environment, as well as human rights to obtain that source of 

nutritional sustenance. It is my intention to utilize the results of this investigation as a platform 

upon which I will base future grants for research focused on the health benefits of other 

traditional sources of foods for Indigenous populations, particularly Alaska Native peoples. 

Expanding the study to explore demographic effects beyond the Alaska Indigenous population 

would also be desirable.

I recognize the limitations of an unscripted event that lack internal validity with regard to control 

for environmental conditions, sleep, exercise intensity, and duration, and small differences in the 

lengths of the ABEH excursion itself. With the incredible time and resources (i.e., bush travel, 

logistical planning, satellite communication) required for a field study needing extensive remote 

support, I also realize that my small sample size reduced the statistical power. On the other 

hand, it would be fundamentally impossible to replicate these unscripted field-based activities in 

the form of a laboratory-based study due to day to day alterations in weather, variable terrain, 

tasks at hand, and amount of movement constancy required throughout each day. Even if this 

type of study was attempted in the laboratory, it would be unlikely to capture the external validity 
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of the data presented using our ABEH approach (Blonde et al. 2018). Making some sex-based 

comparisons would be desirable. Future studies have already been planned to evaluate the 

potential for gender differences in the metabolic response to the ABEH scenario. Understanding 

how age and/or prior fitness levels might affect the study outcomes would be an interesting 

avenue of research. Determinations of metabolic changes due to energy expenditure 

differences based on difficulty levels of the game pursuit would also provide worthwhile 

investigative areas.

5.3. Conclusions

Throughout this dissertation I demonstrate that the Hunter/Gatherer Lifestyle is congruent with 

improved health parameters. Wild, free-range red meat in the form of free-range reindeer was 

shown to be superior to equivalent portions of free-range red meat in creating positive net 

protein balance in humans. The energy expenditure throughout the 8-12 day Alaska 

backcountry hunts contributed to reductions in body weight and adipose tissue. Lean tissue 

mass and thigh muscle cross-sectional areas were preserved in spite of the arduous 

physiological and field conditions. I also demonstrated rapid, significant reductions in serum 

lipids and IHL that met or exceeded dietary, exercise, and/or pharmaceutical interventions over 

longer periods of time in individuals at a greater risk for metabolic diseases (Hays et al. 2008).

When wild, free-range red meat is not available and exercise is difficult, I showed that a specific 

and unique formulation of essential amino acids similar to wild game can be utilized. With no 

changes in physical activity or additional dietary manipulation and in just one month, older 

obese individuals saw a net gain of thigh muscle cross-sectional area, as well as significant 

reductions in total fat mass, and more importantly, visceral fat mass.
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The three studies delineated in this dissertation work together to support the value of the 

hunter/gatherer lifestyle. The food obtained and the activity levels reached while doing so 

provided improved metabolic health parameters. When wild, free-range red meat is not 

available, similar amino acid profiles such as those found in the Experimental Meal 

Replacement (EMR) can facilitate improvement in parameters relative to sarcopenia during 

aging. These studies provide support for sustaining the wild foods and environments necessary 

for individuals andgroups such as the Alaska Native population to participate in the 

hunter/gatherer lifestyle.

Consumption of wild, free-range game may be a foreign concept to the general population, but 

for many Indigenous communities, it represents a generational nutritional history, as well as 

cultural and spiritual ancestry (Nu and Bersamin, 2017). However, in recent years, there has 

been a transition from traditional foods such as wild, free-range red meat to more processed 

and commercial meats (Batal et al. 2018; Gerlach and Loring, 2013). Combined with historic 

and contemporary social determinates in many Indigenous populations, which are linked to 

health disparities, this food migration has increased the risk of chronic disease in Alaska Native 

peoples (Satterfield et al. 2016; DeBruyn et al. 2020). Immediate health benefits of wild, free- 

range red meats can influence the continuation of and/or return to traditional food pathways, 

which also provides the healthy benefit of increased physical activity (Coker et al. 2018; Coker et 

al. 2021b).

I have presented compelling evidence that promotes the efficacy of ABEH on improvements in 

biomarkers typically associated with an increased risk for metabolic disease in females and 

males. Even in individuals who were generally healthy, 8-12 days of unscripted activity without 

any attempt to control or manipulate dietary intake was sufficient to promote rapid 

improvements in serum lipids and IHL. I recognize that the recommendations for protein intake 
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(i.e., 1.4-2.0 g/kg/day) and carbohydrate (i.e., 3-5 g/kg/day) provided by the International 

Society of Sports Nutrition may be considerably higher during the macrocycle of a training 

period or a competitive scenario for an athlete (Carbone and Pasiakos, 2019; Hector and 

Phillips, 2018; Phillips et al. 2016). However, the practical reality of these dietary 

recommendations must be balanced against the need for agile operations over an 8- to 12-day 

period at a relatively constant exercise intensity, especially when carrying all provisions in a 

backpack across difficult terrain or a raft being moved over many kilometers of a dry creek bed. 

I suggest that the minimal dietary protein of 0.8 g/kg/day under these types of unscripted and 

self-reliant conditions is just that; the absolute minimal amount of protein potentially required to 

maintain skeletal muscle in the context of an anabolic stimulus provided by physical activity 

(Devlin et al. 1990; Williams et al. 1996).

The reduction in whole body and visceral adipose tissue in the EMR group may have been 

linked to the energy cost of accelerated protein synthesis (Deane et al. 2020). For example, I 

know that 20 kcals are used every 1 mol of amino acids incorporated into muscle protein (Wolfe 

2006). Based on a theoretical calculation using data from our previous study, the stimulation of 

protein synthesis resulting from a single serving of EMR, multiplied by 30 days, would only 

account for an increased expenditure of 1596±143 kcals. Therefore, it is quite likely that the 

provision of EMR several times throughout the day and/or as part of a caloric restriction strategy 

would be more beneficial in promoting impressive reductions in visceral and whole-body 

adipose tissue.

In addition to my concerns related to sarcopenic obesity in the elderly, I am also aware that non

alcoholic fatty liver disease (NAFLD) has reached epidemic proportions in the obese elderly 

(Bischoff et al. 2017). Closely associated with insulin resistance and metabolic syndrome, 

NAFLD not only contributes to metabolic dysregulation and can also lead to nonalcoholic 
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steatohepatitis putting individuals at an increased risk for fibrosis, cirrhosis, and liver failure 

(Patel et al. 2016). While the precise effects of increased amino acid intake upon NAFLD are still 

unclear, previous work has demonstrated that 11 grams of essential amino acids provided twice 

daily reduced intrahepatic lipid and plasma lipids (B0rsheim et al. 2009).

Pre-clinical studies suggest that energy requirements for amino acid metabolism may enhance 

the oxidation of intrahepatic lipid (Pichon et al. 2006). While some studies have suggested an 

association between elevated branched chain amino acid concentrations and insulin resistance 

(van den Berg et al. 2019; Gaggini et al. 2018; Newgard et al. 2009) I demonstrated a significant 

reduction in intrahepatic lipid with once/day supplementation of essential amino acidsin the form 

of EMR over the course of one month in obese elderly. My results are consistent with 

considerable literature where BCAAs have been given to subjects without inducing insulin 

insensitivity (Vieira et al. 2020).

The EMR approach is unique in that the anabolic influence of the EAAs can be maximized 

within the context of a single meal instead of multiple feedings throughout the day. The positive 

benefits of EMR consumed daily for four weeks by obese, elderly participants occurred with no 

changes in physical activity or additional dietary manipulation. Alternatives to the utilization of 

EMR are time-consuming and tedious with limited pragmatic application in this cohort, offering 

relatively modest if any benefits despite exceptionally high financial costs and the need for 

clinical supervision (Beavers et al. 2019). On the other hand, daily provision of EMR for just one 

month promoted a net gain of thigh muscle CSA determined by MRI scans, as well as 

significant reductions in total fat mass, and more importantly, visceral fat mass. EMR represents 

a new concept in modification of body composition and metabolic health that can be achieved 

with minimal inconvenience or stress to the user.
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These studies have shown the metabolic health benefits that occur from consumption of wild, 

free-range red meat, the activity levels required for pursuing wild game in extreme backcountry 

hunts, and consumption of an amino acid formulation similar to that of wild, free-range red meat. 

These results give added value to wild foods and the ability of the hunter/gatherer to access 

them.
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medical license valid through December 2018. If this study goes beyond December 2018,PI/research team must 
submit evidence of current licensure for the study physician, and those others whose licenses may expire during the 
research period (e.g., Study Nurse, pharmacist)

PI has satisfactorily made all relevant changes in research documents to account for the change in studyphysician.

This action is included on the May 3, 2017 IRB Agenda.

No changes may be made to this project without the prior review and approval of the IRB. This includes, but is 
not limited to, changes in research scope, research tools, consent documents, personnel, or record storage 
location.
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(907) 474-7800 

(907) 474-5444 fax

Institutional Review Board

909 N Koyukuk Dr. Suite 212, P.O. Box 757270, Fairbanks, Alaska 99775-7270

August 1, 2017

To: Robert Coker

PhD Principal Investigator

From: University of Alaska Fairbanks IRB

Re: [1102840-2] Health Benefits of Backcountry Hunting

Thank you for submitting the Amendment/Modification referenced below. The submission was handled by 
Expedited Review under the requirements of 45 CFR 46.110, which identifies the categories of research 
eligible for expedited review.

Title: Health Benefits of Backcountry Hunting

Received: July 27, 2017

Expedited Category: 2, 4 and 7

Action: APPROVED

Effective Date: August 1, 2017

Expiration Date: August 1, 2018

This action is included on the August 2, 2017 IRB Agenda.

No changes may be made to this project without the prior review and approval of the IRB. This 
includes, but is not limited to, changes in research scope, research tools, consent documents, 
personnel, or record storage location.
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(907) 474-7800 

(907) 474-5444 fax

Institutional Review Board

909 N Koyukuk Dr. Suite 212, P.O. Box 757270, Fairbanks, Alaska 99775-7270

September 18, 2017

To: Robert Coker,
PhD Principal
Investigator

From: University of Alaska Fairbanks IRB

Re: [1120626-2] Nutrient Strategies for Muscle Preservation

Thank you for submitting the Response/Follow-Up referenced below. The submission was handled 
by Expedited Review under the requirements of 45 CFR 46.110, which identifies the categories of 
researcheligible for expedited review.

Title: Nutrient Strategies for Muscle Preservation

Received: September 12, 2017

Expedited Category: 2, 4 and 7

Action: APPROVED

Effective Date: September 18, 2017

Expiration Date: September 18, 2018

This action is included on the October 4, 2017 IRB Agenda.

No changes may be made to this project without the prior review and approval of the IRB. This 
includes, but is not limited to, changes in research scope, research tools, consent documents, 
personnel, or record storage location.

America's Arctic University

UAF is an AA/EO employer and educational institution and prohibits illegal discrimination against any 

individual:

www.alaska.edu/titleIXcompliance/nondiscrimination.
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