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December 5, 2012 
 
David Nieman, DrPH  
Human Performance Laboratory  
Appalachian State University at the North Carolina Research Campus  
600 Laureate Way  
Kannapolis, NC 28081 
 
Dear Dr. Nieman,  
  
Thank you again for your excellent research proposal to the American Pistachio Growers. I am 
pleased to let you know we’ve received all the necessary approvals; therefore, the American 
Pistachio Growers is pleased to fund your grant proposal “Influence of pistachios on 
performance and exercise-induced inflammation, oxidative stress, and immune dysfunction in 
athletes: a metabolomics-based approach.” We need to draw up a contract, schedule of 
payments and deliverables. We would like to have monthly reports of the grant’s progress and a 
yearly financial report, along with a final accounting. 


 
If you have a standard grant contract from your University, please use it as the basis for this 
project and send a draft for our review. Also, we would like to conduct a site visit at both 
locations.  Judy Hirigoyen, Global Marketing Director would like to meet with Dr. Scherr and his 
group during her time in Europe at the end of January and early February 2013.  I would like to 
visit your facilities in North Carolina, perhaps sometime in March 2013 depending on your 
schedule. 
 
We should set up a conference call to discuss this project in further detail in the next week, if 
you are available. Do let me know what days and times, might work for a call.  
 
 
 
 
 
 
 
 
 
 







 
 
 
We certainly look forward to working with you on this research.  
Thank you for your interest in pistachio research.  
 
With best regards,  


Constance J. Geiger/Connie 
Constance J. Geiger, PhD, RD, LD  
Nutrition Consultant  
American Pistachio Growers 
  
Cc: Johannes Scherr, MD, Technische Universitaet, Munich  


Richard Matoian, Executive Director, American Pistachio Growers                                                                              


Judy Hirigoyen, Global Marketing Director, American Pistachio Growers                                                                                      


Kathleen Kissee, Marketing Projects Director, American Pistachio Growers 


 


 






[bookmark: _GoBack]ASU/NCRC SCREENING QUESTIONNAIRE*



ID NUMBER      _________________________________________________

Assess your health status by marking all true statements



MEDICAL HISTORY  



_____	a heart attack	                                 

_____	heart surgery	

_____	cardiac catheterization	

_____	coronary angioplasty (PTCA)	

_____	pacemaker/implantable cardiac

_____	defibrillator/rhythm disturbance

_____	heart valve disease	

_____	heart failure	

_____	heart transplantation	

_____	congenital heart disease	









SYMPTOMS	

_____	You experience chest discomfort with exertion.	

_____	You experience unreasonable breathlessness.	

_____	You experience dizziness, fainting, or blackouts.	

_____	You take heart medications.	

OTHER HEALTH ISSUES	

_____	You have diabetes.	

_____	You have asthma or other lung disease.	

_____	You have burning or cramping sensation in your lower legs when walking.	

_____	You have musculoskeletal problems that limit your physical activity.	

_____	You have concerns about the safety of exercise.	

_____	You take prescription medication(s).	

_____	You are pregnant.	



If you marked any of these statements in this section, consult your physician or other appropriate health care provider before engaging in exercise. You may need to use a facility with a medically qualified staff.





CARDIOVASCULAR RISK FACTORS	



_____	You are a man older than 45 years.	

_____	You are a woman older than 55 yrs, had a hysterectomy, or are postmenopausal.	

_____	You smoke, or quit smoking within the previous 6 months.	

_____	Your blood pressure is >140/90 mm Hg, or take medication.	

_____	Your blood cholesterol level is >200 mg/dL (borderline or high), or take meds.

_____	You have a close blood relative who had a heart attack or heart surgery before age 	55 (father or brother) or age 65 (mother or sister).	

_____	You are physically inactive (i.e., you get <30 minutes of physical activity on at 	least 3 days per week).	

_____	Your body mass index is 30 or higher. 	



If you did not mark any of these or just one, you should be able to exercise safely without consulting an MD in a self-guided program or almost any facility that meets your exercise program needs. If you marked two or more of the statements in this section you should consult your physician or other appropriate health care provider before engaging in exercise. You might benefit from using a facility with a professionally qualified exercise staff to guide your exercise program.



*2010 AHA/ACSM Health/Fitness Facility Preparticipation Screening Questionnaire 

2010 ACSM Risk Stratification



Low Risk – individuals classified as Low Risk are those who do not have signs/symptoms of or have diagnosed cardiovascular, pulmonary, and/or metabolic disease, and have no more than one (i.e., ≤1) CVD risk factor.  The risk of an acute cardiovascular event in this population is low and a physical activity/exercise program may be pursued safely without the necessity for medical examination and clearance.



Moderate Risk – individuals classified as Moderate Risk do not have signs/symptoms of or diagnosed cardiovascular, pulmonary, and/or metabolic disease, but have two or more (i.e., ≥2) risk CVD factors.  The risk of an acute cardiovascular event in this population is increased although in most cases individuals at moderate risk may safely engage in low to moderate intensity physical activities without the necessity for medical examination and clearance.  However it is advisable to have a medical examination and an exercise test before participation in vigorous intensity exercise (i.e., >60% VO2max).

 

High risk – individuals classified as High Risk are those who have one or more signs/symptoms of, or have diagnosed cardiovascular, pulmonary, and/or metabolic disease.  The risk of an acute cardiovascular event in this population is increased to the degree that a thorough medical examination should take place and clearance given before initiating physical activity or exercise at any intensity.
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Request for Review of Human Participant Research

Appalachian Human Research Protection Program 


IRB #               (To be filled out by IRB Administration)

Instructions: Complete and send the request form electronically to irb@appstate.edu.  

Note: checkboxes can be checked by putting an “x” in the box.

Section I: Study Description 

Study Title:  Influence of pistachios on performance and exercise-induced inflammation, oxidative stress, and immune dysfunction in athletes:  a metabolomics-based approach.

Study Description:  Please describe briefly the objectives of the study with the purpose, research question and any relevant background information. 

This study will be funded by the American Pistachio Growers (APG award letter attached, contract with ASU in process).  During the evaluation of the proposal, APG requested that an additional site in Germany be added to the study to increase subject numbers.  APG also desired a foothold in Europe.  Dr. Nieman had worked previously with Dr. Johannes Scherr of the Technische Universitaet Muenchen (TUM), and established a subcontract arrangement.  Dr. Scherr will obtain IRB approval from TUM.  The two research sites (ASU-NCRC and TUM) will follow identical procedures, with an interchange of data (unidentifiable).  Blood samples from TUM will be sent to ASU-NCRC for analysis of most outcome measures (in particular, metabolomics).  

Project Rationale



Prolonged and intensive exercise can cause acute, transient physiologic stress, elevations in stress hormones, inflammation, oxidative stress, immune dysfunction, and disturbances in host pathogen defense. Heavy exercise workloads are associated with elevations in a variety of cytokines, including interleukin (IL)-6, IL-10, IL-8, IL-1ra, granulocyte colony-stimulating factor (GCSF), monocyte chemoattractant protein 1 (MCP-1), macrophage inflammatory protein 1 beta (MIP-1), tumor necrosis factor-alpha (TNF-α), and macrophage migration inhibitory factor (MIF). Cells from the innate immune system are particularly affected, with a transient postexercise increase in granulocyte phagocytosis, and decreases in granulocyte oxidative burst activity and natural killer cell lytic activity.  Exercise-induced oxidative stress is reflected by increases in F2-isoprostanes (lipid peroxidation) and protein carbonyls (protein oxidation).  



Immunonutrition support for athletes is a burgeoning area of scientific investigation, and a variety of nutritional products have been tested as countermeasures to exercise-induced inflammation, oxidative stress, immune dysfunction, and muscle soreness during recovery (Nieman, 2008; Nieman et al, 2009). Carbohydrate ingestion before, during, and after heavy exercise has emerged as an effective but partial countermeasure to immune dysfunction, with favorable effects on measures related to stress hormones and inflammation, but limited effects on oxidative stress and markers of innate or adaptive immunity.   Other products that have been tested with mixed utility include vitamins and minerals, glutamine and other amino acids, probiotics, bovine colostrum, β-glucan, flavonoids and polyphenols such as quercetin, resveratrol, curcumin, and epigallicatechin-3-gallate (EGCG), N-3 polyunsaturated fatty acids (N-3 PUFAs or fish oil), herbal supplements such as Echinacea and ginseng, unique plant extracts (e.g., green tea extract, blackcurrant extract, tomato extract with lycopene, anthocyanin-rich extract from bilberry, polyphenol-rich pomegranate fruit extract), and food products (e.g., chocolate milk, bananas, and raisins).  



There is growing interest in providing athletes with healthy alternatives to sugar-laden sports drinks.  In a randomized, crossover study with 14 trained cyclists, we showed that acute ingestion of bananas (with water) or a commercial sports drink supported 75-km cycling performance and underlying metabolic processes (as measured with metabolomics) to a similar degree when the rate of carbohydrate delivery was equated (Nieman et al., 2012). Exercise-induced inflammation, oxidative stress, and changes in innate immune function were also comparable between banana and sports drink trials, and at attenuated levels during recovery when compared to previous water-only trials that we have conducted.  We are currently involved in similar exercise-stress studies using watermelon slurry, chia seed, and blended fruit-vegetable juices with the goal of providing the athlete with efficacious and healthy replacements for sports drinks.



Pistachios (480 kcal per 3 oz serving) are nutrient-dense nuts that contain a unique nutrient profile of proteins and carbohydrates (~30% of energy), fats (~70% of energy), minerals (in particular, copper, iron, magnesium), potassium, vitamins B6 and thiamin, carotenoids, phytosterols, and phenolic acids (Dreher, 2012).  The nutrient mix in pistachio nuts may serve as an effective countermeasure to exercise-induced inflammation, oxidative stress, immune dysfunction, and muscle soreness during recovery, but this has not yet been studied.  Among the tree nuts, pistachios are one of the best sources for water- and fat-soluble antioxidants. Recent evidence indicates that pistachios may help decrease oxidative and inflammatory stress, including biomarkers our research team has shown are elevated during heavy exertion including IL-6 and lipid hydroperoxides (lipid peroxidation) (Sari et al., 2010; Kocyigit et al., 2006).  If shown to be efficacious for athletes, the pistachio industry would benefit through increased sales to the fitness and athletic community, and the associated public relations.


Hypothesis:  Ingestion of 3 ounces of pistachio nuts per day for two weeks before and the day of cycling intensely for 75 kilometers will support substrate utilization during exercise (as determined through metabolomics) and improve performance compared to water only, and attenuate inflammation, oxidative stress, and immune dysfunction during 24 hours of recovery. 


Study Design 


Primary Purpose:  Assessment of the combined effect of chronic (2 weeks) and acute pistachio nut ingestion on 1) 75-km cycling performance, and 2) as a countermeasure to exercise-induced exercise inflammation, oxidative stress, and immune changes, and support of substrate utilization during exercise, as assessed with metabolomics.

Allocation: Randomized, crossover. This study will include two test centers:  NCRC and the Technische Universitaet in Munich (TUM). N=20 subjects will be tested at each site.  Half of the subjects at each site will be randomized to 3 oz/day pistachio nuts and half of subjects to no pistachio nuts for 2 weeks.  After a 2-week washout period, subjects will be crossed over to the opposite condition.


Outcomes measures: 75-km cycling performance in an overnight fasted condition; shifts in small molecule metabolites (using LC-MS metabolomics); and biomarkers related to inflammation, oxidative stress, and innate immune function.


Intervention Model: Pistachio treatment (3 oz/d) vs. none for two weeks; 3 oz pistachio nuts and water (1.5 oz. before, and 1.5 oz during) cycling 75 km vs. water only.  

Sample Size:  N=40 male competitive cyclists, ages 18-55 years (20 at ASU-NCRC, 20 at TUM). Our power analysis shows that at an effect size of 0.7 and alpha of 0.05, N=40 will provide a power of 0.991. At effect size of 0.5 and alpha of 0.05, N=40 will provide a power of 0.869. At effect size of 0.4 and alpha of 0.05, N=40 will provide a power of 0.694. Based on the Cohen guideline (Cohen, 1988), an effect size >0.80 is considered large, and an effect size > 0.50 is considered medium. Therefore, N=40 is good to detect a medium or greater than medium effect, which was observed in IL-6 (inflammation), F2-isoprostanes (oxidative stress), and the neutrophil count (immunity) in our previous food-exercise studies utilizing crossover designs (McAnulty, et al., 2011;  Nieman et al., 1998).

Study Duration (per subject): 6 weeks.

Blood sample schedule: Blood draws at the following time points:  baseline, post-2 weeks supplementation (pre-exercise), immediately post-75 km cycling exercise, 1.5-h post-exercise, 24-h post-exercise.  Washout and crossover, and then repeat.  Total of 10 blood samples per subject.  Each blood sample = 35 ml

REFERENCES:


Cohen J. Statistical Power Analysis for the Behavioral Sciences 2nd edition. 1988, Hillsdale, NJ: Lawrence Erlbaum.


Dreher ML.  Pistachio nuts: composition and potential health benefits.  Nutr Rev. 2012 Apr;70(4):234-40.


Kocyigit A, Koylu AA, Keles H. Effects of pistachio nuts consumption on plasma lipid profile and oxidative status in healthy volunteers. Nutr Metab Cardiovasc Dis 2006;16:202–209.


McAnulty SR, Nieman DC, McAnulty LS, Lynch WS, Jin F, Henson DA.  Effect of mixed flavonoids, n-3 fatty acids, and vitamin C on oxidative stress and antioxidant capacity before and after intense cycling.  Int J Sport Nutr Exerc Metab 2011;21:328-337.  


Nieman DC.  Immunonutrition support for athletes.  Nutr Rev. 2008 Jun;66(6):310-20.


Nieman DC, Gillitt ND, Henson DA, Sha W, Shanely RA, Knab AM, Cialdella-Kam L, Jin F. Bananas as an energy source during exercise: a metabolomics approach.  PLoS One. 2012;7(5):e37479.

Nieman DC, Henson DA, Maxwell KR, Williams AS, McAnulty SR, Jin F, Shanely RA, Lines TC.  Effects of quercetin and EGCG on mitochondrial biogenesis and immunity.  Med Sci Sports Exerc. 2009 Jul;41(7):1467-75.

Nieman DC, Nehlsen-Cannarella SL, Fagoaga OR, Henson DA, Utter A, Davis JM, Williams F, Butterworth DE.


Effects of mode and carbohydrate on the granulocyte and monocyte response to intensive, prolonged exercise.


J Appl Physiol. 1998 Apr;84(4):1252-9.
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1. Principal Investigator(s) and responsible faculty member if student is the PI:
David C. Nieman

Department(s): HLES (Human Performance Lab at the North Carolina Research Campus)

2. By submitting this request, the Principal Investigator (and responsible faculty member if PI is a student) accepts responsibility for ensuring that all members of the research team:  1) complete the required CITI training and any other necessary training to fulfill their study responsibilities, 2) follow the study procedures as described in the IRB approved application and comply with Appalachian’s Guidelines for the Review of Research Involving Human Subjects and all IRB communication and 3) uphold the rights and welfare of all study participants.

The parties (i.e., the IRB and the Principal Investigator and responsible faculty member if PI is a student) have agreed to conduct this application process by electronic means, and this application is signed electronically by the Principal Investigator and by the responsible faculty member if a student is the PI.


My name and email address together constitute the symbol and/or process I have adopted with the intent to sign this application, and my name and email address, set out below, thus constitute my electronic signature to this application.


David C. Nieman

                                                           niemandc@appstate.edu
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    PI
Email address


__     ___  

                                                                         

   Responsible Faculty Name if PI is a student





  Responsible Faculty Email address if PI is a student

		3. Do you plan to publish or present off-campus? 

		

		No  

		x

		Yes



		4. Does this research involve any out-of-country travel?

		

		No

		x

		Yes





		7. Type of Research, check all that apply:

		x

		Faculty Research      

		

		Dissertation/Thesis/Honor’s Thesis        



		

		Product of Learning    

		

		Class Project – Course Number:                  



		

		Educational Research Involving Normal Education Practices



		

		Other: describe      





		8. Source of Funding

		

		Not Funded

		x

		Funds Awarded

		

		Funds Pending      



		

		

		Federally Funded  

		

		University Funded: describe      





If funds awarded/pending, provide sponsor name, Sponsored Programs number:  American Pistachios Growers

Attach a copy of the contract/grant/agreement.

9.  Is another institution engaged in the research (i.e., an agent of another institution will obtain informed consent, interact with participants to obtain information, or access private identifiable information about participants)?   

		

		

		No

		x

		Yes

		If yes, list institution(s) and whether that IRB will review or rely on the ASU IRB

The Department for Prevention, Rehabilitation and Sports Medicine (PRS) (http://www.sport.med.tum.de/en), University Hospital “Klinikum rechts der Isar” (http://www.med.tu-muenchen.de/), Technische Universitaet Muenchen, Munich, Germany (TUM; http://www.tum.de/).  Co-Investigator:  Dr. Johannes Scherr (MD).  Dr. Scherr will collaborate under a subcontract agreement and will obtain IRB approval at his institution.





10.  What, if any, relationship exists between the researcher(s) and agencies (e.g., schools, hospitals, homes) involved in the research?  Attach statement of approval (e.g., letter of agreement) from any agencies that will be involved with the research. Relationship with Dr. Scherr at Technische Universitaet Muenchen is as research collaborators.  Dr. Scherr will collaborate under a subcontract agreement.  Letter of commitment is in process.

Section II: Research Personnel


Enter each team member (including PI) in the table below. (A member of the research team is defined as one who will: 1) access participants’ private identifiable information, 2) obtain informed consent or 3) interact with participants.) 


		Name

		Role (e.g., PI, co-I, Research Assistant, Research Coord., Faculty Advisor, etc.)

		Responsibilities: Select all that apply from the list of Responsibilities below 


(e.g., “a, b, c”)

		Receive IRB Correspondence  (Y/N)?

If yes, provide preferred email address.



		David C. Nieman

		PI

		A,b,c,d,e,f,g,I,j,m

		niemandc@appstate.edu



		Amy Knab

		Co-I

		A,b,c,d,e,f,g,j,m

		knabam@appstate.edu



		Pamela Lambeth-Krasen

		Research Assistant

		A,b,c,d,e,f,g,j,m

		lambethpg@appstate.edu



		Dustin Dew

		Research Assistant

		A,b,c,d,e,f,g,i,j,m

		dd73434@appstate.edu



		Andy Shanely

		Co-I

		A,b,c,d,e,f,g,j,m   

		Shanelyra@appstate.edu



		Dru Henson

		Co-I

		A,b,c,d,e,f,g,j,m   

		hensonda@appstate.edu



		Wei Sha

		Statistician (UNC-Charlotte, NCRC)

		n (statistical analysis of data)

		"Sha, Wei" <wsha@uncc.edu>



		Mary Pat Meaney

		Co-I

		A,b,c,d,e,f,g,j,m   

		meaneymp@appstate.edu



		Tondra Blevins

Cathy Michaels

		Phlebotomist

		i

		





(Note: If you need additional room, you can add rows by going to right click, insert, and then insert rows below.  Personnel changes made after IRB approval can be submitted via email with the above information.)

Responsibilities: 

		a. Screens potential participants

		h. Conducts physical exams



		b. Obtains Informed Consent

		i.  Collects biological specimens (e.g., blood samples) 



		c. Has access to identifiable data

		j.  Conducts study procedures



		d. Administers survey

		k.  Dispenses medications



		e. Conducts interviews

		l.  Supervises exercise



		f.  Enters subject data into research records

		m. Educates participants, families, or staff



		g. Analyzes data with identifiable information

		n. Other: describe





Note: In some cases, expertise to perform study procedures (e.g., blood draws, interviewing participants about sensitive topics) should be documented by the IRB to show that risks to participants is minimized.  The IRB uses the Research Personnel Form to document investigator expertise.  

Section III: Conflict of Interest

1.  Are there any known or potential conflicts of interest related to this research?  

Conflict of interest relates to situations in which financial or other personal considerations may compromise or involve the potential/have the appearance for compromising an employee’s objectivity in meeting University responsibilities including research activities.  


Examples of conflicts of interest include but are not limited to: an investigator has equity in a business that conducts research in a related area; an investigator will receive an incentive/bonus based on the number or speed of enrollment or outcome of a study; or an investigator or family member is a consultant, holds an executive position or serves as a board member of the research sponsor or its holdings. 

		x

		No

		

		Yes  





 If yes, describe and explain how participants will be protected from the influence of competing interests. 

Section IV:  Participant Population and Recruitment

1.  Number of participants sought: 20  (may start with 24 to account for dropouts).  The TUM site will also test 20 subjects (thus 40 total subjects between the two sites).

2.  Targeted Participant Population (check all that apply):



		x

		Adults (>= 18 yrs old)

		

		College Students (only 18 or older)



		

		Minors (< 18 yrs old) Age range: 

		

		College Students (under 18 may participate)



		

		Minorities

		

		Prisoners



		

		Institutionalized Participants

		

		Cognitively or emotionally impaired 




		

		Inpatient participants

		

		Non-English speaking



		

		Outpatient participants

		

		Pregnant Participants



		

		International research


		

		Employees of a profit or non-profit organization





3.  Federal regulations have established guidelines for the equitable selection of participants.  Are participants an appropriate group to bear the burdens of this research?


		x

		Yes

		

		No 

If no, please explain:      





Are participants a subset of the population most likely to receive the benefits of this research?


		x

		Yes

		

		No 

If no, please explain:      





4.  Explain any inclusion and exclusion criteria for the study:  

Subjects (ASU-NCRC) will include 20 male cyclists (ages 18-55) who compete in road races and are capable of cycling 75-km at a race pace on a CompuTrainer in a laboratory setting.  Subjects must agree to train normally, stay weight stable, and avoid the use of large-dose vitamin/mineral supplements (above 100% of recommended dietary allowances), herbs, and medications known to affect inflammation and immune function during the 6-week project.  Exclusion criteria:  Regularly take supplements, or other medicines known to effect inflammation.  Subjects must be rated as “low risk” for disease, and have none of the items listed under the medical history, symptoms, or other health issues section of the screening questionnaire (ACSM). Subjects must also agree to taper their exercise routine prior to each of the two lab exercise sessions as if preparing for a long distance race.  Subjects must not have a history of allergic reactions to nuts.  The primary reason for using male subjects is to reduce the potential influence of gender on the variation in measured outcomes.

		5.  Recruitment Procedures (how will you find participants?)  



		

		

		Student Subject Pool; indicate pool:       



		

		x

		Email/Mailing/Handout  



		

		x

		Website ad/Newspaper ads/Flyers/Postings



		

		

		School children with request sent to parents  



		

		x

		Participants will be approached by staff members



		

		

		Other (explained below)





A copy of any recruitment materials must be submitted with this application.


6.  Explain details of recruitment (e.g., obtain list of student emails from Registrar’s office and send them recruitment email): Recruitment will be via email to former subjects in ASU-NCRC studies and cycling clubs in the greater Charlotte metropolitan area, flyers,  and posted announcements on websites.   

7.  Does the research include any compensation, monetary inducements, or reimbursement for participation in this research study?   

		

		No

		x

		Yes 

If yes, explain payment schedule:  $500 to each subject completing the study (with proportional payment for percent of study completed).  







Section V:  Informed Consent Process 

1.  Explain how informed consent will be obtained. If applicable, include information about: the setting, whether participants will have an opportunity to ask questions, and the roles of any non-research personnel involved.  If potential participants or their legally authorized representatives (e.g., parents) are non-English speaking, please explain how the investigator will identify these participants and ensure their ability to understand information about the study to provide consent.  The consent document, food restriction list, food log, and screening questionnaire to verify "low risk" status will be emailed to potential participants.  Participants who are interested in being in the study will be instructed to review the consent form and study requirements, and come to the orientation with the consent form, completed food log and screening questionnaire.  At the orientation, participants will be able to ask questions and provide the signed consent form, completed food log, and completed screening tool.  Participants will be instructed not to put their name on the forms.  Identification numbers will be applied to the forms after this process is completed and they become subjects in the study.

2.  If applicable, describe the safeguards in place to protect the rights and welfare of any vulnerable participants (e.g., children, prisoners, pregnant persons, or any population that may be relatively or absolutely incapable of protecting their interests through the informed consent process).      

		3.  Select factors that might interfere with informed consent: 



		x

		None known



		

		Research will involve current students in a course/program taught by member of research team



		

		Participants are employees whose supervisor is recruiting/requiring participation



		

		Participants have a close relationship to research team




		

		Other (please specify/indicate any relationship that exists between research team and participants): 



		

		





For selected factors, describe any efforts to mitigate: 

4.  Will participants sign a consent form?

		x

		Yes

		

		No





If no, participants must still be provided with a statement regarding the research and one of the following criteria must be met and selected and followed: 

		





The only record linking the participant and the research is the consent document and the principal risk is potential harm resulting from a breach of confidentiality, and the research is not FDA-regulated.  Each participant will be asked whether he/she wants documentation linking the participant with the research and the participants wishes will govern; OR

		





The research presents no more than minimal risk of harm and involves no procedures for which written consent is normally required outside of the research context.



5.  Are you requesting a modification to the required elements for informed consent for participants or legally authorized representatives? 

		x

		No

		

		Yes     If yes, address criteria to waive elements of consent:       





Section VI:  Study Procedures

1.  Projected data collection dates: February 15, 2013, to December 31, 2013

2.  Describe research procedures as they relate to the use of human participants.  Information should include what participants will be asked to do, duration of procedures, and frequency of procedures. 

PROCEDURES:


A.  ORIENTATION AND BASELINE TESTING: The consent document, food restriction list, food log, and screening questionnaire to verify "low risk" status will be emailed to potential participants.  Participants who are interested in being in the study will be instructed to review the consent form and study requirements, and come to the orientation with the consent form, completed food log and screening questionnaire.  At the orientation, participants will be able to ask questions and provide the signed consent form, completed food log, and completed screening tool.  Participants will be instructed not to put their name on the forms.  Identification numbers will be applied to the forms after this process is completed and they become subjects in the study. For the 3-day period prior to orientation/baseline testing, subjects will ingest a moderate-carbohydrate diet using a food list restricting high fat foods and visible fats. Subjects will record food and beverage intake during this 3-day period using a food log.  Approximately two weeks prior to the first 75-km cycling trial, subjects will report to the ASU-NCRC Human Performance Lab for orientation/baseline testing in the morning in an overnight fasted state (i.e., no food or beverage other than water for the previous 9-12 hours).  A blood sample will be collected. Subjects will then be allowed to consume a sports drink (8 calories per kilogram of body weight, or about 500-700 calories), and then be tested for VO2max (cycle ergometer graded exercise test with metabolic measurement), and body composition (7-site skinfold test).  Half of the subjects will leave the lab with a 2-weeks supply of shelled pistachio nuts (3 oz./day).  The shelled pistachio nuts will be supplied by the American Pistachio Growers.  Compliance to the pistachio nut supplementation regimen will be assessed through weekly contact via email, and by collecting empty plastic bags (one per day) from subjects when reporting to the lab.    All subjects are to avoid all other types of nuts during the 6-week project, including cashews, pecans, hazelnuts, Brazil nuts, walnuts, etc.  Peanuts and peanut-containing products can be used in moderation.
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B.  75-km CYCLING TRIALS AND DIETARY CONDITIONS:  During the 3-day period prior to the first 75-km cycling trial, subjects will ingest a moderate-carbohydrate diet using a food list restricting high fat foods and visible fats.  Subjects will record all food and beverage intake during this 3-day period, with macro- and micro-nutrient intake assessed using the Food Processor dietary analysis software system.  Subjects will report to the lab at 6:45 am in an overnight fasted and rested state (no food or beverage other than water for at least the previous 9 hours). Subjects will be asked to taper exercise during the previous two days (as if preparing for a race). A 35 ml blood sample will be collected after a 5 minute seated rest.  Subjects will either consume 1.5 oz. pistachio nuts with water or water alone, and then at 7:30 am cycle for 75 km on a mountainous course as fast as possible using their own bicycles on CompuTrainers.  All subjects will consume 3 ml/kg water every 15 min, with subjects randomized to the pistachio condition consuming 1.5 oz after 1 hour of cycling. Power output in watts, heart rate, and the rating of perceived exertion (RPE) will be taken at 15 minutes, and then every 30 minutes during the cycling bout to monitor intensity of effort.  Blood glucose and lactates will be measured pre- and post-exercise (from collected blood samples).  Blood samples will be taken immediately pre- and post-exercise, and 1.5-h post-exercise. Subjects will return in an overnight fasted state to provide a 24-h post-exercise blood sample.  Photographs may be taken by research personnel with participant permission.

C.  WASHOUT, CROSSOVER, AND REPEAT:  Subjects will washout for two weeks, return to the lab to provide a blood sample, crossover, and repeat all procedures listed above.  


Primary Outcome Measures (total of 400 blood samples) (NOTE:  all assays have been used in prior studies and are well established in our labs).  All blood samples collected in Munich will be sent to the North Carolina Research Campus for analysis to minimize variations due to differences in analytical methods. 

• CRP and inflammatory cytokines:  plasma IL-6, IL-8, IL-10, TNF-α, G-CSF, MCP-1


The inflammatory markers will be measured at the NCRC-Immunoassay Lab by electrochemiluminescence based solid-phase sandwich immunoassay (Meso Scale Discovery, Gaithersburg, MD, USA).  The 6 cytokines will be measured in duplicate on the MSD Sector 6000 using a highly sensitive electro-chemiluminescent detection process.


• Innate immune function:  granulocyte and monocyte phagocytosis/oxidative burst activity



WBC differential will be measured on our Beckman Coulter Counter.  Granulocyte/monocyte phagocytosis/oxidative burst activity will be measured on a flow cytometer against S-aureus bacteria. Phagocytosis will be measured through the uptake of FITC-labeled bacteria and oxidative burst will be measured through the oxidation of non-fluorescent hydroethidine (HE) to fluorescent ethidium bromide in cells stimulated with unlabeled bacteria.   


• Oxidative stress/capacity: RBC glutathione, protein carbonyls, ORAC, FRAP, F2-isoprostanes

Plasma F2-isoprostanes will be determined using gas chromatography mass spectrometry (GC-MS). Protein carbonyls will be measured (Cayman Chemical, #10005020, , Ann Arbor, MI) in duplicate on micro-well plates (Synergy H1 Hybrid Reader, BioTek Instruments Inc., Winooski, Vermont).  Total plasma antioxidant power will be determined by the ferric reducing ability of plasma (FRAP) assay, and the total oxygen radical absorbance capacity (ORAC) assay, using methods described previously.  Red blood cell reduced and oxidized glutathione (GSH, GSSG) will be assayed using the Cayman Chemical GSH assay kit (#703002, Ann Arbor, MI).

• Metabolomics


Samples will be analyzed at Metabolon (Durham, NC) using gas and liquid chromatography/mass spectrometry (GC/MS, LC/MS), with compounds identified based on comparison to more than 2,800 purified standards. Following log transformation and imputation with minimum observed values for each compound, repeated measures ANOVA with contrasts will be used to identify metabolites that differed significantly across time. Fold changes for metabolites will be calculated, with multiple testing corrected by the False Discovery Rate (FDR) (q-value).  The Bioinformatics department at the NCRC will conduct the statistical analysis.  The metabolomics standards will assist in assessing whether pistachio nut consumption supports substrate utilization during exercise, and exerts anti-oxidative and anti-inflammatory effects.


• 75-km Performance


Subjects will cycle on their own bicycles on CompuTrainer Pro Model 8001 trainers (RacerMate, Seattle,WA) with heart rate and rating of perceived exertion (RPE) recorded every 30 minutes, and workload (Watts) continuously monitored using the CompuTrainer MultiRider software system (version 3.0,RacerMate, Seattle, WA).  Performance will be assessed and compared between crossover trials using total race time (to cover 75 km).


Statistical Procedures:


The biomarker data will be analyzed using a 2 (condition) × 5 (time) repeated-measures ANOVA, within-subject design. When interaction effects are significant (P ≤ 0.05), changes between time points within pistachio or control conditions will be compared between trials using paired t tests, with significance set after Bonferroni adjustment at P ≤ 0.01.  For metabolomics data, a linear model with repeated measures will be used to examine the effect of treatment (pistachio or control) and time (5 time points) on metabolite concentrations, with metabolite concentration as the response variable, and treatment, time, and treatment x time interaction as predictor variables. Due to the crossover design, the sequence (pistachio → control or control → pistachio), and visit (first or second) effects will also be adjusted in the model. This analysis will be performed in the MIXED procedure in SAS (version 9.2, SAS Institute, Inc., Cary, NC), and performed for each metabolite separately.  Benjamini-Hochberg method for False Discovery Rate (FDR) correction in the MULTTEST procedure in SAS will be used for multiple testing correction. To improve the normality of the data, data transformation, such as log or square root transformation, will be applied to the metabolite concentration, and outliers with studentized residue > 3 or <-3 excluded. Metabolites with significant (FDR adjusted p-value < 0.05) treatment x time interaction effect will be considered to have significantly different responses to the two treatments. Partial Least Square Discriminant Analysis (PLS-DA) in SIMCA-P+ (Version 12, Umetrics, Umeå, Sweden) will be used to detect metabolites that best distinguish the time points. The default 7-round cross-validation in the SIMCA-P software package will be applied with 1/7 of the samples being left out from the mathematical model in each round. Variable Influence on Projection (VIP) score will be calculated based on the PLS weights and the variability explained in PLS-DA. Metabolites with VIP>1 will be considered the most important metabolites responsible for the differentiation of the time points.  Similarly, PLS-DA will be used to detect metabolites that best distinguish pistachio from control treatments.  


Timeframe (tentative)

Milestone 1:  Control and IRB approval process, November, 2012.


Milestone 2:  Subject recruitment and scheduling, March, 2013.


Milestone 3:  Data collection, 6-week study period for 20 subjects, May-June, 2013.


Milestone 4:  Sample analysis for outcome measures, July-October, 2013.


Milestone 5:  Statistical analysis and final report, November, 2013.


Milestone 6:  Submission of abstract and manuscript for presentation and publication, Fall, 2013.


----------------


3. Participants’ identification (check one):  

		





 Information is collected so that participants CANNOT be identified directly (by names, images or other identifiers) or indirectly (by linking responses to participants). 


		x





Information is collected so that participants CAN be identified, either directly or indirectly, by the research team but identifying information will not be disclosed publicly.        

		





Information is collected so that participants CAN be identified, either directly or indirectly, by the research team and identifying information will be disclosed publicly.       

		4.  Check all locations of study procedures that apply: 



		

		N/A – online survey



		

		Appalachian campus, indicate building:      



		

		School system(s):      



		x

		Human Performance Lab, NCRC



		x

		Off-campus location(s).  List: The Department for Prevention, Rehabilitation and Sports Medicine (PRS) (http://www.sport.med.tum.de/en), University Hospital “Klinikum rechts der Isar” (http://www.med.tu-muenchen.de/) in Munich, Germany, is operated by the Technische Universitaet Muenchen, Munich, Germany (TUM; http://www.tum.de/).  This site will work under their own IRB, and within a subcontract agreement with ASU.





5.  Data collection

		5a. Please check all data collection activities involved in this study:



		x

		Paper Surveys / Questionnaires



		

		Online Surveys / Questionnaires 
 Name of Survey Provider:      



		

		Telephone Surveys / Questionnaires 
 Name of Survey Provider:      



		

		Standardized Written / Oral / Visual Tests



		

		Interviews



		

		Focus Groups



		

		Tasks



		

		Public Observation



		

		Classroom Observation/Work Site Observation



		

		Voice, video, digital or image recordings made for research purposes



		

		Materials (i.e., data, documents, records/specimens) that have been collected or will be collected for non research purposes



		

		



		

		Collection or study of materials (i.e., data, documents, records/specimens) that are publicly available or if the information is recorded so that participants cannot be identified, directly or indirectly through identifiers



		

		



		

		Materials (i.e., data, documents, records/specimens) that have been collected for another research project



		

		Moderate exercise and muscular strength testing  



		x

		Other:  Subjects will fill in the AHA/ACSM screening questionnaire to verify “low risk” status for the study. Blood samples will be collected, as described in the research design (see Figure 1).







5b. If your study does not involve biomedical procedures skip to question #6. Otherwise, select all data collection activities that apply:


		x

		Blood samples by finger stick, heel stick, ear stick or venipuncture



		Indicate the type of participants and how much blood will be drawn:



		

		x

		from healthy, non pregnant adults who weigh at least 110 pounds



		

		

		from other adults or children



		

		x

		How many times per week will blood be drawn? 4 (max)



		

		x

		How much blood will be drawn at one time? 35 ml



		

		x

		How much blood will be drawn in an 8-week period? 10 x 35 = 350 ml



		

		x

		How often will collection occur? 10 total blood samples; baseline, post-2 weeks supplementation (pre-exercise), immediately post-75 km cycling exercise, 1.5-h post-exercise, 24-h post-exercise.  Washout and crossover, and then repeat.  Total of 10 blood samples per subject.  Each blood sample = 35 ml.



		

		Noninvasive procedures to collect biological specimens for research purposes  



		

		Sterile Surgical/Invasive procedures  



		

		Banking of biological materials



		x

		Noninvasive procedures to collect data such as use of physical sensors applied to surface of body and electrocardiography  (heart rate monitor; metabolic measures through mouthpiece connected to a metabolic system)



		

		



		

		Procedures involving x-rays (e.g., DEXA scan for body composition)



		

		Ingestion of wholesome foods without additives



		

		Ingestion/application of substances other than wholesome foods without additives  



		

		Clinical study of a drug/medical device



		

		Obtaining medical data from a health care provider, health plan or health care clearinghouse



		

		Genetic Testing 



		

		Other: describe      





5c. Is this research FDA-regulated (i.e., It is an experiment that involves one or more of the following test        articles:  foods/dietary supplements that bear a nutrient content/health claim, infant formulas, food/color additives, drugs/medical devices/biological products for human use)?   

		x

		No

		

		Yes





6.  Is deception involved? 

		

		x

		No

		

		Yes      If yes, please describe:      





7.  Does the data to be collected relate to any illegal activities (e.g., immigration status, drug use, abuse, assault)?    

		

		x

		No

		

		Yes      If yes, please describe:      





Section VII:  Confidentiality and Safeguards

1.  In most cases, the research plan should include adequate provisions to protect the privacy of subjects.  How will the confidentiality of participants be maintained (e.g., how will access to participants be controlled)?


Subjects will be assigned identification numbers at both the ASU-NCRC and TUM, and all data entry and analysis will be conducted with statistical programs using ID numbers.  Subject files will be stored in Lambeth-Krasen’s office under lock and key. Identifiable information will be deleted after two years.  All blood samples will be coded with identification numbers only.  The link between the codes and identifying information will be destroyed after two years.  Identifying information will be deleted before data are sent to the American Pistachio Growers. 


2. Will collected data be monitored to ensure the safety of subjects (e.g., survey includes a question about suicidality so the investigator will…)?     


		

		

		No

		x

		Yes      If yes, please explain procedures to ensure safety of participants: Subjects will be monitored during the entire time they are being tested at the ASU-NCRC Human Performance Lab by lab personnel.    No harmful use of the data is intended.  Data written in reports will not be linked to individual subjects. Subjects will be protected by avoiding the use of personal names or photographs (unless consent is given).





3. Describe what will be done with the data and resulting analysis:


Research files will be kept in Lambeth-Krasen’s office for 5 years, and then shredded prior to removal.  The data will be presented at research conferences and published in a research journal.  Blood samples that remain after all analysis has been completed will be destroyed after two years.  Identifiable information will be deleted after two years.  No identifiable data will be shared through Dropbox.  Dr. Scherr and collaborators at TUM, and Dr. Wei Sha at UNC-Charlotte, will not have access to identifiable data.  Private identifiable information will not be stored on laptops taken on any travel.

		4.  Describe measures you are taking to safeguard study data (check all that apply):



		

		Data is not linked to identifying information      



		x

		Maintain consent forms in a separate location from data      



		x

		Using subject codes on all collected data and maintaining the key linking subject codes with 


identifiable information in a separate location from data      



		

		



		x

		Locking cabinets/doors.  List location:       Lambeth-Krasen’s office  



		x

		Data kept in area with limited public access. List location:       Lambeth-Krasen’s office    



		x

		Password protected computers      



		

		Encryption



		x

		PDAs and removable media (e.g., CDs, etc.) will be kept in a secure location. List location:  Lambeth-Krasen’s office  



		

		Other, please describe:           





5. Data Sharing

		5a. What type of data will be shared? (Note: Sharing includes releasing, transmitting and providing access to outside of the research team.) Check all that apply:



		

		Data collected anonymously



		

		Anonymized or De-linked data. Identity was once associated with data/specimen but identifying information destroyed



		

		



		x

		Coded and linked data (Data is coded.  With the code, the data may be linked back to identifiers, but the link back to identifiers will not be shared.)      



		

		



		

		Identifiable Data (e.g., names, email addresses, date of birth, IP addresses)


Indicate which secure method(s) of transmission will be used:       



		

		





		5b. If identifiable data will be shared within or outside of the research team, please explain how it will be shared (check all that apply):



		x

		Secured Website.  Please provide name of website: DropBox



		

		Encrypted email      



		

		U.S. Postal Service or other trackable courier services



		

		Fax in a secured area



		

		Shared drive with password protection



		x

		Personal delivery by member of research team



		

		Private telephone conversation to member of research team



		

		Other, please describe:      





6. Secure Disposal:  Note: consent forms should be stored for 3 years after study completion.


		6a. How long will the data be stored? 



		

		1 year after study conclusion     

		X

		5 years after study conclusion



		

		Indefinitely

		

		Data without identifiers stored indefinitely



		

		Other, please describe (e.g., sponsor requirements):      





		6b. How will data be destroyed?



		x

		Paper will be shredded      

		X

		Biological samples will be destroyed by: December 2015



		x

		Destroy electronic files from computer/PDAs/removal media (CDs, diskettes) by: December 2015



		

		Other, please describe:      





Section VIII:  Risk and Benefits of Study

1.  The risks to participants must be reasonable in relation to anticipated benefits, if any, to participants and the importance of the knowledge that may be reasonably be expected to result.  Select all applicable:


		x





 Participants of the study may directly benefit by (describe): Subjects will receive results of baseline testing (VO2max, body composition); subjects will receive general report summarizing findings of the study.

		x





 Society may benefit from the study by (describe):   This research should help us learn more about whether using pistachio nuts (3 oz/day for two weeks, and day of exercise) supports cycling performance and overall health. This information could be important to those who exercise on a regular basis.

2.  Describe the potential risks (e.g., psychological, legal, physical, social harm, loss of confidentiality) to any individual participating in this project:  

The physical fitness tests and cycling exercise bout (75 km) included in this study are safe and have no known risks for apparently healthy adults accustomed to cycling.  Subjects will fill in a screening questionnaire and must not have any heart problems to be included in this study.  Several trained staff will supervise all physical fitness tests and exercise bouts.  In the rare event of an injury during testing and exercise, standard emergency procedures will be followed.  

Consumption of 3 oz. pistachio nuts per day for two weeks has potential health and fitness benefits.

The study will involve ten 35-ml blood samples (thus for the entire study, 350 ml). Risks associated with drawing blood from the arm include momentary discomfort and/or bruising.  Infection, excess bleeding, clotting, and/or fainting are also possible, although unlikely.  In the rare case of exposure of an experimenter to blood or tissue, we will analyze that blood for HIV and hepatitis (a positive HIV or hepatitis test will be reported to the subject).  The amount of blood being withdrawn is small and will not influence the ability of the subject to participate in normal daily activities.  The blood samples will be collected by trained phlebotomists using standardized procedures.

3. Assessment of level of risk:


		





 Risks (including physical, emotional, social, legal or financial) are the same as encountered in daily life or during the performance of routine physical or psychological examinations or tests (minimal risk).


		x





Risks are more than minimal in that either: a) the probability of harm or discomfort anticipated, or b) the magnitude of harm or discomfort anticipated is greater than that encountered in daily life.


		





Information to be collected could cause participants to be at risk of criminal or civil liability if responses are disclosed outside of the research setting.


		





Information to be collected could be damaging to participant’s financial standing, employability, or reputation if disclosed outside of the research setting.

4.  Describe procedures for protecting against, or minimizing, the potential risks:  Blood will be drawn by a trained phlebotomist (Blevins, Michaels, Dew).   Subjects will review the consent form that summarizes study procedures. Subjects must meet subject inclusion criteria to be recruited into the study. 

5.  If human subject data/specimens will be used for future research that is not described above, please explain.  (Future use of data/specimens should be disclosed to the participant in the informed consent.) 

Please check any materials below that will be submitted with your application.  Note: please submit as separate files.

		x

		Recruitment wording



		x

		Consent form(s)



		

		Letter(s) of Agreement



		

		Research Personnel Form(s)



		X

		Instruments (Survey questions, interview questions, etc.)



		x

		Copy of grant/contract/agreement



		

		Other (please describe):      





Please send an electronic Word attachment (not scanned) of this application and any accompanying materials to irb@appstate.edu. Thank you for taking your time to promote ethical human participant research at Appalachian!
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Consent to Participate in Research


Subject email address:


________________________________________________________


TITLE OF RESEARCH PROJECT:  

Influence of pistachios on performance and exercise-induced inflammation, oxidative stress, and immune dysfunction in athletes:


a metabolomics-based approach.


Principal Investigator: David C. Nieman

Department:  Human Performance Laboratory at the North Carolina Research Campus, Appalachian State University, Health, Leisure, Exercise Science

Contact Information: David C. Nieman, DrPH, FACSM, 828-773-0056, niemandc@appstate.edu; Director of the Human Performance Lab at the NCRC and Professor, Appalachian State University


FUNDING:  This study is funded by the American Pistachio Growers.

What is the purpose of this research?



There is growing interest in providing athletes with healthy alternatives to sugar-laden sports drinks.  Pistachios (480 calories per 3 oz. serving) are nutrient-dense nuts that contain a unique nutrient profile of proteins and carbohydrates (~30% of calories or energy), fats (~70% of energy), minerals (in particular, copper, iron, magnesium), potassium, vitamins B6 and thiamin, and other healthy molecules called polyphenols that serve as anti-oxidants.  Pistachio nuts may help the athlete better cope with the stress associated with intense and prolonged exercise, but this has not yet been studied.  


The purpose of this study is to determine if consuming 3 oz. pistachio nuts per day for two weeks before and during a 75-km cycling time trial will provide the fuel to improve performance compared to water alone, and lessen inflammation, immune changes, and oxidative stress during recovery.

Why am I being invited to take part in this research?



You will be one of 20 male cyclists in this study at the ASU-NCRC Human Performance Lab in Kannapolis, NC.  Another group of 20 male cyclists will be tested in Munich, Germany.  Data from the two research sites will be combined in the final analysis.  You are being invited to take part in this research because you are a male between the ages of 18 and 55 years, a cyclist that competes in long distance road races, and can cycle 75-km at race pace on a CompuTrainer in a laboratory setting (approximately 2 to 3 hours). You must be at “low risk” status for heart disease (as assessed by our screening questionnaire). You must agree to follow all study procedures as outlined in this consent form, train normally during the study project, keep your weight about where it is now, and avoid the use of large-dose vitamin/mineral supplements (above 100% of recommended dietary allowances), herbs, and all medications during the project.  In particular, you must avoid all anti-inflammatory medications such as ibuprofen (e.g., Motrin, Advil), naproxen (e.g., Aleve), and aspirin.  You must also agree to taper your exercise routine prior to each of the two lab exercise sessions as if preparing for a long distance race.  You must not have a history of allergic reactions to nuts. 

What will I be asked to do?



The research procedures will be conducted at the Human Performance Laboratory (Room 1201, Plants for Human Health Institute Building, 600 Laureate Way), operated by Appalachian State University at the North Carolina Research Campus (NCRC) in Kannapolis, NC.  You will need to come here six times during the 6-week study (baseline testing and blood draws before each 2-week supplementation period, two 75-km cycling sessions, and morning after blood samples). Each blood sample will be 35 ml or a little over 2 tablespoons. The total amount of time you will be asked to volunteer for this study is about 11 hours at the Human Performance Laboratory.  


This study will follow a strict research design.  You will complete two 75-km cycling time trials after two weeks of ingesting pistachio nuts or no pistachio nuts (randomized order), with a 2-week period between supplementation periods for your body to “washout” from the pistachio nuts. (See Figure 1). 


Figure 1


[image: image2.png]





A.  ORIENTATION AND BASELINE TESTING:  


Following recruitment, you will be contacted via email to review this consent form.  If you agree to all study procedures, you will sign this form indicating voluntary consent to join the study.  You will also fill out a short questionnaire to verify “low risk” status for cardiovascular disease.  These forms will be returned via email.  For the 3-day period prior to baseline testing, you will ingest a moderate-carbohydrate diet using a food list restricting high fat foods and visible fats. You will record food and beverage intake during this 3-day period using a food log. 

 
Approximately two weeks prior to the first 75-km cycling trial, you will report to the ASU-NCRC Human Performance Lab for baseline testing in the morning in an overnight fasted state (i.e., no food or beverage other than water for the previous 9-12 hours).  A blood sample (35 ml or a little over 2 tablespoons) will be collected. You will then be allowed to consume a sports drink (8 calories per kilogram of body weight, or about 500-700 calories).  


You will be tested for VO2max using the Lodi cycle ergometer, with the exercise workload gradually increased until you can no longer continue pedaling, become fatigued, and decide to stop (or other symptoms prohibit further exercise).  Metabolic measurements will be taken through a facemask attached to special equipment that measures oxygen consumption and the total amount of air you take in.  Throughout the VO2max test, your heart rate will be monitored by wearing a chest strap that allows use of a heart rate monitor. You will communicate with lab personnel during the test by pointing to descriptors on a perceived exertion chart to indicate how the exercise feels to you.


Your percent body fat will be measured using skinfolds taken at seven sites on the body.  Your results will be shared with you. Half of you will leave the lab with a 2-weeks supply of pistachio nuts (3 oz./day) (and then switch conditions during the second half of the study).  

B. 2-WEEK SUPPLEMENTATION PERIOD:  


To reiterate, you will be randomized to pistachio nuts or no pistachio nuts during the first 2-week supplementation period, and then switched over to the opposite condition during the final 2-week supplementation period. All subjects are to avoid other types of nuts during the entire 6-week project, including peanuts (including peanut butter), almonds, coconuts, cashews, pecans, hazelnuts, Brazil nuts, and walnuts.  Food products containing peanuts can be used in moderation.  During the pistachio nut supplementation period, you are to eat 3 oz. per day (the amount in each plastic bag given to you by lab personnel).  The nuts can be consumed at any time of the day.  Compliance to the pistachio nut supplementation regimen will be assessed through weekly contact via email, and by collecting empty plastic bags (one per day) from you when reporting to the lab.  If you fail to consume the pistachio nuts for one or two days, double up consumption until back on schedule.  If you fail to consume the pistachio nuts for three days or longer, please call the research manager at 704-250-5359 to review whether or not you should drop out of the study.

C. 75-km CYCLING TRIALS:  


During the 3-day period prior to the first and second 75-km cycling trials, you will ingest a moderate-carbohydrate diet using the food list restricting high fat foods and visible fats (same as used prior to baseline testing). You will record all food and beverage intake during the 3-day periods in a food log.  


You will report to the lab at 6:45 am in an overnight fasted and rested state (no food or beverage other than water for at least the previous 9 hours). You will be asked to taper exercise during the previous two days (as if preparing for a race). A 35 ml blood sample will be collected after a 5 minute seated rest.  You will consume 1.5 oz. pistachio nuts with water, or water alone, and then at 7:30 am cycle for 75 km on a mountainous course as fast as possible using your own bicycles on CompuTrainers.  You will consume water (3 ml/kg body weight or about one cup) every 15 min.  Subjects randomized to the pistachio condition will consume 1.5 oz. pistachio nuts after 1 hour of cycling.  Power output in watts, heart rate, and the rating of perceived exertion (RPE) will be taken at 15 minutes, and then every 30 minutes during the cycling bout to monitor intensity of effort.  Blood glucose and lactates will be measured pre- and post-exercise (from collected blood samples).  Additional blood samples (35 ml each) will be taken immediately post-exercise, and 1.5-h post-exercise. You will return in an overnight fasted state the next morning (~7:00 am) to provide a 35-ml blood sample.  The blood samples will be analyzed for many indicators of inflammation, oxidative stress, immune function, and metabolism.

D.  WASHOUT/CROSSOVER/REPEAT:  


You will “washout” for two weeks (i.e., no nuts at all), crossover to the opposite condition, and return to the lab to repeat all procedures listed above (as summarized in Figure 1).  

What are possible harms or discomforts that I might experience during the research?


Ingestion of pistachio nuts is safe and has no known side effects for those without nut allergies.


Several trained staff will supervise the VO2max test. The risks associated with participating in this study may include abnormal heart beats, abnormal blood pressure responses, muscle cramps, muscle strain and/or joint injury, delayed muscle soreness (1 to 2 days afterwards), light headedness, fatigue, and in rare instances, heart attack. You must be at LOW RISK for heart disease to take the VO2max test, as assessed by the screening questionnaire.  The risk of heart attack during the VO2max test for healthy individuals is close to zero. Professional care throughout the entire testing process should provide appropriate precaution against potential problems, and there will be at least one CPR-certified investigator present during testing. If at any time during the test you want to stop, you can signal as instructed and the test will be stopped. In the rare event of an injury during testing, standard emergency procedures in the Human Performance Laboratory will be followed.  The ASU Human Performance Lab is located within a few minutes of several agencies providing emergency treatment.



The risks of collecting a blood sample (venipuncture) from you include the possibility of requiring more than one attempt to obtain the blood sample, local discomfort (pinch when the needle enters your skin), minor bruising or bleeding at the site (10%), or possible temporary lightheadedness, infection (<0.01%), or development of a blood clot (< 0.01%).  The amount of blood being withdrawn during this study from each blood sample is a little over two tablespoons.  Ten blood samples will be taken during the entire study (about 23 tablespoons). The amount of blood being withdrawn will not affect your ability to participate in normal daily or training activities.  A trained and experienced individual will perform the technique and your blood will be collected in a hygienic setting with sterile materials and biohazard protection measures to minimize these risks.  In the rare case of exposure of your blood or tissue to research personnel, we will analyze your blood for HIV and hepatitis (a positive HIV or hepatitis test will be reported to you).  

What are possible benefits of this research?



You will receive results of baseline testing (VO2max, body composition), and a general report after the study is over summarizing basic findings. One of the benefits of taking the VO2max test is the determination of your maximum exercise capacity.  VO2max and body composition results will be compared with national norms to let you know your ranking adjusted for gender and age.  



If study results are favorable, pistachio nuts may be advanced as a beneficial supplement to the diet to support athletic endeavor. 

Will I be paid for taking part in the research?


We will pay you $500 for the time you volunteer while being in this study. If you do not complete the study, compensation will be pro-rated according to the percentage of study requirements completed.  For example, if you complete the first half of the study, but then drop out of the study, you will receive $250. Current University policy requires the collection of Social Security numbers (or Appalachian Banner ID numbers) if study compensation is more than $100 for a single study or $599 for participation in multiple studies in a calendar year.  Since the compensation for this study is more than $100, you will need to provide your address and Social Security number (or Appalachian Banner ID number) when you complete the form for payment.

How will you keep my private information confidential?


Your information will be combined with information from other people taking part in the study. When we write up the study to share it with other researchers, we will write about the combined information. You will not be identified in any published or presented materials. To ensure that your information is kept confidential, identification numbers but not names will be used on all documents.  All data entry and analysis will be conducted with statistical programs using coded identification.  Your files will be stored in the research manager’s office under lock and key and identifiable information will be deleted after two years.  All blood samples will be coded with identification numbers only, and samples that remain after all analysis in this study has been completed will be destroyed within two years of collection.  With your permission, photos may be taken during the study and used in scientific presentations of the research findings.  Your identity will not be revealed when the photos are presented.  Please indicate whether or not you agree to having your photo taken for use in scientific presentations (without name identification):


⧠   Yes, I grant permission for my photo to be taken and used in scientific presentations


⧠   No, I do not grant permission

What if I get sick or hurt while participating in this research study? 


If you need emergency care while you are at the research site, it will be provided to you.  If you believe you have been hurt or if you get sick because of something that is done during the study, you should call your doctor or if it is an emergency call 911 for help.  In this case, tell the doctors, the hospital or emergency room staff that you are taking part in a research study and the name of the Principal Investigator. If possible, take a copy of this consent form with you when you go.  Call the Principal Investigator (Dr. David Nieman, 828-773-0056) as soon as you can (he needs to know that you are hurt or ill). You can also contact the primary investigator,  Dr. Nieman, (828) 773-0056.  Costs associated with this care will be billed in the ordinary manner, to you or your insurance company.  However, some insurance companies will not pay bills that are related to research costs.  You should check with your insurance about this.  Medical costs that result from research-related harm may also not qualify for payments through Medicare, or Medicaid.  You should talk to the Principal Investigator about this, if you have concerns.

Who can I contact if I have a question?



The people conducting this study will be available to answer any questions concerning this research, now or in the future.  You may contact the Principal Investigator at 828-773-0056. If you have questions about your rights as someone taking part in research, contact the Appalachian Institutional Review Board Administrator at 828-262-2130 (days), through email at irb@appstate.edu or at Appalachian State University, Office of Research and Sponsored Programs, IRB Administrator, Boone, NC 28608.


Do I have to participate?  What else should I know?


Your participation in this research is completely voluntary.  If you choose not to volunteer, there will be no penalty and you will not lose any benefits or rights you would normally have.  If you decide to take part in the study you still have the right to decide at any time that you no longer want to continue. There will be no penalty and no loss of benefits or rights if you decide at any time to stop participating in the study.  


This research project has been approved by the Institutional Review Board (IRB) at Appalachian State University. 

This study was approved on 1/29/2013. This approval will expire on 1/22/2014 unless the IRB renews the approval of this research.

I have decided I want to take part in this research.  What should I do now?



The person obtaining informed consent will ask you to read the following and if you agree, you should sign this form:  


· I have read (or had read to me) all of the above information.  


· I have had an opportunity to ask questions about things in this research I did not understand and have received satisfactory answers.  


· I understand that I can stop taking part in this study at any time.  


· By signing this informed consent form, I am not giving up any of my rights.  


· I have been given a copy of this consent document, and it is mine to keep.

Participant's Name  (PRINT)                                 Signature                          

Date  
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RESEARCH SUBJECTS NEEDED:  



Influence of pistachio nuts on performance and recovery.

Principal Investigator: David C. Nieman, DrPH, Director of the Appalachian State University Human Performance Laboratory at the North Carolina Research Campus in Kannapolis, NC



What is the purpose of this research?

	There is growing interest in providing athletes with healthy alternatives to sugar-laden sports drinks.  Pistachios are nutrient-dense nuts that contain a unique nutrient profile that may help the athlete better cope with the stress associated with intense and prolonged exercise.  

	The purpose of this study is to determine if consuming 3 oz. pistachio nuts per day for two weeks before and during a 75-km cycling time trial will provide the fuel to improve performance compared to water alone, and lessen inflammation, immune changes, and oxidative stress during recovery.



Who can take part in this research?

	Subjects will include 20 male cyclists.  All testing will be conducted at the Appalachian State University, North Carolina Research Campus, Human Performance Lab in Kannapolis, NC.  You are being invited to take part in this research if you are a male cyclist between the ages of 18 and 55 years that competes in long distance road races, and can cycle 75-km at race pace on a CompuTrainer in a laboratory setting (approximately 2 to 3 hours). 


What will I be asked to do?

	Approximately two weeks prior to the first 75-km cycling trial, you will report to the ASU-NCRC Human Performance Lab for baseline testing in the morning. You will be tested for VO2max using the Lodi cycle ergometer, and for body composition. You will provide a blood sample.

[bookmark: _GoBack]	You will complete two 75-km cycling time trials (morning sessions) after two weeks of ingesting pistachio nuts or no pistachio nuts (randomized order), with a 2-week period between supplementation periods for your body to “washout” from the pistachio nuts.  For each 75-km cycling session, you will report to the lab at 6:45 am in an overnight fasted and rested state. After a blood sample, you will cycle for 75 km on a mountainous course as fast as possible using your own bicycles on CompuTrainers.  Additional blood samples will be taken immediately post-exercise, and 1.5-h post-exercise. You will return in an overnight fasted state the next morning (~7:00 am) to provide a blood sample.  The blood samples will be analyzed for many indicators of inflammation, oxidative stress, immune function, and metabolism.



Will I be paid for taking part in the research?

	We will pay you $500 for the time you volunteer while being in this study. 



How do I sign up for the study or obtain more information?

	Please send an email message to ASU-NCRC@appstate.edu, or call 704-250-5359.








 
 
 


Training History and Basic Demographics 
 
Date   ___________________________                                                        
 
ID Number                                                                             (from research team)  
 
Height                                     Weight                                    Age  _______________                      
 
Current Training Program 
 
1.  How many years have you been training seriously (for race events)? _____________ 
 
2.  How many miles per week have you trained on average during the past year?                   
 
_______________________ miles per week, past year average 
 
3.  What is your race category?  _________________________ 
 
 
4.  List and describe any significant injuries or illness you have had in the previous year, and list 
any medications you may be using: 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
                                                                                                                                                           
 
5.  Please list any vitamin/mineral/herb supplements that you use on a regular basis (at least 3 times 
a week or more): 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
 







Appalachian State University 


NCRC-Human Performance Lab 


Performance Data 
 
Date____________________             TEST SESSION    � #1   �  #2    
 
ID Number_______________________________  
 
Verification:   Consumed pistachio nuts or no pistachio nuts (depending on your group), 


AND no other types of nuts during the past 2 weeks  
   Avoided vitamin/mineral supplements, medications since joining the study 
   Turned in 3 day food record to researchers 
   Tapered exercise during previous two days to prepare for 75-km session  
   Not sick today 
 
Age_____  HRmax __________   VO2max ___________ 
 
Pre-exercise weight: _____________;   Post-exercise weight: ________________ 
 
Humidity _____________      Temperature _________________ 


 


Metabolic Measurements 
 


 
Watts  


 
MIN 


 
H R 


 
RPE 


 
 


 
15 


 
 


 
 


 
 


 
30 


 
 


 
 


 
 


 
60 


 
 


 
 


 
 


 
90 


 
 


 
 


 120   
 


 150   


 180   


 210   


 240   


 270   


    


    


    







  
  


ASU-NCRC Human Performance Lab;V02Max Test 
Cyclists 


 
ID#_________________ Age_____ Sex____ (M) ____ (F)      Date______________ 
 
 
Weight______(kg); Height _____(cm) 


Metabolic Measurements 
 


 
STAGE 


 
Lactate 


 
Watts 


 
MIN 


 
H R 


 
RPE 


 
VO2 


 
RER 


 
VE 


 
RR 


 
I 
 


 
 


 
150 
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II 
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V 
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10 


 
 


 
 


 
 


 
 


 
 


 
 


 
VI 
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300 


 
14 


 
 


 
 


 
 


 
 


 
 


 
 


 
VIII 
 


 
 


 
325 


 
16 


 
 


 
 


 
 


 
 


 
 


 
 


 
IX 
 


 
 


 
350 


 
18 


 
 


 
 


 
 


 
 


 
 


 
 


 
X 
 


 
 


 
375 


 
20 


 
 


 
 


 
 


 
 


 
 


 
 


 
XI 
 


 
 


 
400 
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HRmax ____________ bpm;  V02 max_____________ = Rating________________ 
 







 
 


Aerobic Fitness Measurement: V02Max Norms 
Appalachian State University/NCRC Human Performance Lab 


Room 1201, 600 Laureate Way, NCRC, Kannapolis, NC 28081;  email: ASU-NCRC@appstate.edu 
 


ID #__________ 
V02MAX NORMS 


(in milliliters of oxygen per kilogram of body weight per minute)  
Age Low Fair Avg Good  High Athletic Olympic  
Women  
20-29   <28 29-34  35-43   44-48 49-53 54-59 60+ 
30-39 <27 28-33 34-41  42-47 48-52 53-58 59+ 
40-49 <25    28-31 32-40 41-45 46-50 51-56 57+ 
50-65 <21    22-28   29-36  37-41 42-45 46-49 50+                                                           
                                     
Men  
20-29 <38 39-43 44-51 52-56 57-62 63-69 70+ 
30-39 <34 35-39 40-47   48-51 52-57 58-64 65+ 
40-49 <30 31-35 36-43 44-47 48-53 54-60 61+ 
50-59 <25 26-31 32-39 40-43 44-48 49-55 56+ 
60-69 <21 22-26 27-35 36-39 40-44 45-49 50+  
 
Source: Adapted from Astrand ACTA Physiol Scand 49 (Suppl): 169, 1960.  Reprinted with permission from Blackwell Scientific Publications Ltd. 
  
 







 


Body Composition Measurement:  Norms 
Appalachian State University/NCRC Human Performance Lab 


Room 1201, 600 Laureate Way, NCRC, Kannapolis, NC 28081;  email: 
ASU-NCRC@appstate.edu 


 


ID#                       Date __________________           


 


Age          Sex            Weight              Height              
 


Body Mass Index:  __________ kg/m2   
 
<20 Underweight; 20-24.9 Normal; 25-29.9 Overweight; ≥30 Obese   
 
DEXA, BodPod, or BIA Measurement:     %Fat                              
               
Skinfold Measurement:      %Fat                              
                                                                                                                                       
------------------------------------------------------------------------------- 
Body Fat Ranges for Ages 18 Years and Older 
------------------------------------------------------------------------------- 


       Males   Females 
------------------------------------------------------------------------------- 
Unhealthy range -- too low   ≤5%    ≤8%  
Acceptable range -- lower end  6-15%   9-23% 
Acceptable range -- higher end  16-24%   24-31% 
Unhealthy range -- too high  ≥25%    ≥32% 
--------------------------------------------------------------------------------------------- 
Average Body Fat Ranges for  Males   Females 
Elite Athletes 
--------------------------------------------------------------------------------------------- 
Long distance runners   4-9%   6-15% 
Gymnasts     4-10%   10-17% 
Body builders    6-10%   10-17% 
Swimmers     5-11%   14-24% 
Basketball athletes    7-11%   18-27% 
Tennis players    14-17%   19-22% 
 
Source:  Nieman DC.  Exercise Testing and Prescription.  McGraw Hill, 2010 







 
 


Food List During The 3-Day Period Prior To Test Session 
 
You need to come to the 2 tests sessions having eaten similar diets for 3 days prior (moderately low 
in fat and high in carbohydrates).  Please use foods that conform to the list given below.  
*Remember, come to the lab in an overnight fasted state (no food or beverage other than water for 


the previous 9-12 hours. Do not use any nutrient or herbal supplement, or medication unless 
cleared by Dr. Nieman.  Come to the lab at 6:45 am on the exercise test day ready for cycling 


intensely for 75 km (prepare as you would for a race). 
 


Breakfast Foods: 
Foods to eat: Foods to avoid: 


• Cold cereals (Whole grains, wheat, grape 
nuts, etc.) 


• Hot cereals (oatmeal, grits, etc.) 
• Low fat milk, cottage cheese, cheese 


(made with skim milk) 
• Eggs or Egg Substitutes (EggBeaters, etc.) 
• Fresh and dried fruits or vegetables and 


juices 
• Whole grain breads, bagels 
• Honey 
• Fat-free margarine/butter spreads or sprays 


(I Can’t Believe It’s Not Butter, etc.) 
• Decaffeinated/regular coffee 


• Fatty meats (bacon, sausage, etc.) 
• Oils, margarine, butter 
• Whole milk, regular cheese 
• All nuts, except if in the pistachio nut 


group 
 


Lunch and Supper Foods: 
Foods to eat: Foods to avoid: 


• Low fat meats broiled, baked, or grilled 
(chicken, turkey, fish, etc.); eggs 


• Whole grains breads 
• Pastas and rice 
• Low fat sauces (Tomato or herb sauces) 
• Low fat cheese, sour cream, and milk 
• Low fat mayonnaise and salad dressings 
• Cooked and raw vegetables of all kinds 


(seasonings only, not gravies or butter) 
• Fruits 
• Soft drinks 
• Limit alcohol intake to 2 drinks/day (beer, 


wine, mixed drinks) 
• Decaffeinated/regular coffee  


• High fat meats (beef, pork, sausage, 
luncheon and fried or blackened meats) 


• Oils, margarine, butter, gravies, high fat 
salad dressings, etc. 


• Meat or cream sauces 
• Regular cheese, whole milk 
• All nuts, except if in the pistachio nut 


group 


 







 
 
 


ASU-NCRC Human Performance Lab 
Food Recording Form 


(Follow the moderate carbohydrate diet, and record all food/beverage intake for 3 
assigned days.  Bring this log with you to your test session) 


 
NOTE:  Follow the carbohydrate diet for 3 days prior to the assigned test 
sessions.  Avoid all supplements and medications, unless approved. Avoid all 
nuts unless in the pistachio nut group. 


 
ID# ______________________________    Age _____  Date __________ 
          (mm/dd/yyyy) 
 
Height ______________     Weight ________________    Gender _____ (M) _____ (F) 
 
 


Directions for Using the Food Diary 
1. Please record ALL food, beverage, and supplements eaten/ingested for the three days that 


are assigned for you.  Follow the food list. To reduce error, please follow these directions: 
a. Keep your food diary current (list foods immediately after they are eaten). 
b. Whenever possible, MEASURE the volume consumed by using cups and 


tablespoons.  Record amounts in household measures---ounces, tablespoons, cups, 
and slices. 


c. Be specific when describing the foot item eaten, and the method that was used to 
prepare the food.  Remember to include condiments, sugar, oils, butter, and other 
visible fats  For example: 
Apple, raw, fresh, with peel     1 medium 
Bread, whole wheat, fresh      2 slices 
Margarine, soft from tub   1 tablespoon 
Cereal, corn flakes   1.5 cups 
Sugar, white    1 teaspoon 
Milk, non fat    2 cups 
Fish, salmon, baked   10 ounces 


 
This food record will be analyzed with a computerized dietary analysis program, so please 
provide sufficient detail. 







  
 
Day One 
Time 
Food/Beverage 
Consumed 


Food Item and Method of 
Preparation 


Amount Eaten 
(in cups, tablespoons, 
ounces, etc.) 


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


 
 
 
 
 







 
 
 
Day Two 
Time 
Food/Beverage 
Consumed 


Food Item and Method of 
Preparation 


Amount Eaten 
(in cups, tablespoons, 
ounces, etc.) 


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


 
 
 
 







 
 
 
Day Three 
Time 
Food/Beverage 
Consumed 


Food Item and Method of 
Preparation 


Amount Eaten 
(in cups, tablespoons, 
ounces, etc.) 


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


   


 
 
 
 







POST-STUDY QUESTIONNAIRE 
 
ID Number __________________________________ 
 
 
1.  How many miles per week did you cycle (on average) during the six weeks of this 
study? 
 
______________________________ 
 
 





		 Cold cereals (Whole grains, wheat, grape nuts, etc.)

		ID# ______________________________    Age _____  Date __________

		Directions for Using the Food Diary








Pistachio nuts: composition and potential health benefits


Mark L Dreher


The pistachio is a nutrient-dense nut with a heart-healthy fatty-acid profile as well
as protein, dietary fiber, potassium, magnesium, vitamin K, g-tocopherol, and a
number of phytochemicals. The pistachio's unique green and purple kernel color is a
result of its lutein and anthocyanin content. Among nuts, pistachios contain the
highest levels of potassium, g-tocopherol, vitamin K, phytosterols, and xanthophyll
carotenoids. Five published randomized cardiovascular trials have shown that
pistachios promote heart-healthy blood lipid profiles. Exploratory clinical studies
suggest that pistachios help maintain healthy antioxidant and anti-inflammatory
activity, glycemic control, and endothelial function. When consumed in moderation,
pistachios may help control body weight because of their satiety and satiation
effects and their reduced net metabolizable energy content. One study with subjects
in a weight-loss program demonstrated lower body mass index and triglyceride
levels in individuals who consumed pistachios compared with those who consumed
an isocaloric pretzel snack. Emerging research suggests that the addition of
pistachios to high-glycemic meals may lower the overall postprandial glycemic
response. This review examines the nutrients and phytochemicals in pistachios as
well as the potential health effects of these nuts.
© 2012 International Life Sciences Institute


INTRODUCTION


Pistachios have been part of the human diet since prehis-
toric times and have been consumed by past civilizations
because of their nutritional and potential disease-
management properties.1 The pistachio (Pistacia vera L.,
Anacardiaceae family) is an ancient nut with a storied
history.2 Native to the Middle East, the pistachio tree is
one of the oldest flowering nut trees. Archeological
records of early human pistachio consumption in Turkey
date back to as early as 7,000 B.C. Flourishing in hot
climates, pistachio trees spread from the Middle East to
the Mediterranean, with the nuts becoming a valued deli-
cacy among royalty, travelers, and commoners alike.
Legend has it that the Queen of Sheba decreed pistachios
an exclusively royal food. In the first century A.D., pista-
chios were debuted as a prized nut in Rome. The pistachio
has been used as a folk remedy for a variety of ailments,
and its high nutritional value and long storage life also


made it an important lightweight food item among early
explorers and traders.1


In the 1880s, pistachios were first imported to
America as a specialty nut by people of Middle Eastern
descent. Pistachio trees were planted experimentally in
California beginning in the early 1930s.2 After a decade of
careful research and selective breeding, one especially
hearty Middle Eastern variety (Kerman) emerged to
support commercial production. Pistachios grow in
heavy grape-like clusters and, like almonds, are sur-
rounded by a fleshy hull. Pistachios ripen in late summer
or early autumn, their hulls becoming rosy and their
inner shells splitting naturally along their sutures. The
pistachio tree grows up to 10 meters (30 ft) tall. The pis-
tachio tree is a desert plant tolerant of sun and saline soil.
In the 1960s and 1970s, commercial cultivation of pista-
chios expanded across California’s Central Valley, where
the long, hot summers proved ideal for proper ripening of
the fruit. The nut has a hard, whitish exterior shell, which
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constitutes about 50% of the pistachio weight. The seed
has a thin skin and light green flesh with a distinctive
flavor. Iran and California are the largest producers of
pistachios worldwide, with each producing several
hundred million pounds annually. Pistachio kernels are
often eaten as snacks, roasted and salted or flavored, and
incorporated into food products such ice cream, salads, or
bakery products.


In the 1980s, a major dietary recommendation to
control chronic disease risk and weight was to lower
dietary fat, which raised questions about the total fat
content of nuts despite their traditional history as a
natural, healthy, nutrient-dense food. During this period,
the food industry, in response to healthy eating recom-
mendations, promoted low-fat foods, and consumers
turned to low-fat diets, often limiting nut intake. Today, it
is recognized that, when consumed in moderation, nuts
can fit into a heart-healthy diet by helping consumers
reduce their intake of saturated fatty acids (SFA) and
increase their intake of monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA).3–9


Recently, the US Food and Drug Administration (FDA)
reported that consumers generally lack an understanding
about the health effects of MUFA and PUFA and it rec-
ognized the need for better educational programs pro-
moting awareness of these healthy dietary fats.10


According to the FDA’s qualified health claim, pis-
tachio producers are allowed to state the following: “Sci-
entific evidence suggests but does not prove that eating
1.5 ounces per day of most nuts, such as pistachios, as
part of a diet low in SFA and cholesterol may reduce
the risk of heart disease.”11,12 The scientific support for
the qualified health claim about pistachios was further
enhanced by the report of the 2010 Dietary Guidelines


Advisory Committee, which concluded that the body of
scientific evidence was greatest for almonds, pistachios,
and walnuts.5


Pistachios are characterized by the following compo-
nents: unsaturated fatty acids (e.g., MUFA and PUFA),
protein, dietary fiber, magnesium, potassium, vitamin K,
and phytochemicals such as phytosterols, lutein (xantho-
phyll carotenoid), g-tocopherol, and polyphenols.13 These
components may act synergistically to help promote car-
diovascular health, glycemic control, and weight mainte-
nance when consumed in moderation and in the context
of an overall healthy diet.3–9 Compared with almonds and
walnuts, pistachios have lower fat and caloric levels
(based on the Atwater system) and higher levels of potas-
sium, phytosterols, g-tocopherol, vitamin K, and xantho-
phyll carotenoids (Table 1).13 This review examines the
nutrients and phytochemicals in pistachios as well as the
potential health effects of these nuts.


PISTACHIOS AND CARDIOVASCULAR HEALTH


Effects on blood lipids


There are currently five published randomized clinical
trials on pistachio nuts and blood lipids (as a primary
outcome), in which test subjects with normal to moder-
ately elevated cholesterol levels consumed between 32 g
and 126 g of pistachios per day as part of either free-living
or controlled diets.14–18 Four of the five studies found
significant reductions in total cholesterol (TC),14,15,17,18


and one reported a nonsignificant reduction.16 Two of the
studies reported significant reductions in low-density
lipoprotein (LDL),14,15 while the other three found non-


Table 1 Key nutrients and phytochemicals per 1.0 ounce (28.35 g) of pistachios, almonds, and walnuts.
Nutrient Pistachios (dry


roasted/salted)
Almonds (raw, blanched,
dry roasted/salted)


Walnuts
(English)


Calories (kcal) 160 163–169 185
Total lipid content (g) 12.7 14.0–14.8 18.5
Monounsaturated fat (g) 6.7 8.8–9.2 2.5
Polyunsaturated fat (g) 3.8 3.4–3.7 13.4
Saturated fat (g) 1.5 1.1 1.7
Protein (g) 5.9 6.0 4.3
Dietary fiber (g) 2.8 3.1–3.5 1.9
Potassium (mg) 285 187–206 125
Magnesium (mg) 31–34 76–80 45
Vitamin K (mg) 3.7 0 0.8
Vitamin E (a-tocopherol) (mg) 0.7 6.8–7.4 0.2
Total phenols (mg) 470 120 440
g-Tocopherol (mg) 6.7 0.2 5.9
Lutein + zeaxanthin (mg) 329 0 3.0
Total phytosterols (mg) 61–82 34–56 20–32
GAE, gastric acid equivalents.
Data from references13,23,24,46,47


Nutrition Reviews® Vol. 70(4):234–240 235







significant reductions.16–18 Two demonstrated a signifi-
cant increase in high-density lipoprotein (HDL),16,18


while the other three showed nonsignificant
changes.14,15,17 Two of the studies demonstrated signifi-
cant reductions in triglycerides,14,15 while the other three
reported nonsignificant reductions.16–18 All five studies
reported significant reductions in the TC/HDL ratio or
the LDL/HDL ratio.14–18 One trial found that the inclusion
of pistachios in a healthy diet resulted in a dose-response
improvement in the ratios of TC/HDL, LDL/HDL, and
non-HDL/HDL (P < 0.05).15 These clinical studies are
summarized in Table 2.14–18


Recently, two studies that included secondary blood
lipid measures provided additional support for the LDL-
lowering effect of pistachios after 3 weeks.19,20 Collec-
tively, these trials suggest an overall beneficial effect of
pistachio consumption on blood lipid profiles when pis-
tachios replace other calories in habitual or low-fat
controlled-energy diets.14–20 The beneficial blood lipid
effects of pistachio consumption result from the follow-
ing components (Table 1).13


Unsaturated fatty acids. A one-ounce (28.35 g;
49 kernels) serving of pistachios contains 12.7 g of total
fat consisting of 1.5 g of SFA, 3.8 g of PUFA, and 6.7 g of
MUFA, with oleic and linoleic acids accounting for about
88% of the total lipids.13 The pistachio’s unsaturated fatty
acid content and its relatively low amount of SFA appear
to be the primary nutritional factors that promote heart-
healthy blood lipids, with a number of other components
possibly playing secondary roles.5,21,22


Phytosterols. Among the tree nuts, pistachios have the
highest phytosterol content, with 61–82 mg of phytoster-
ols per ounce.13,23,24 Phytosterols, structurally similar to
cholesterol, interfere with dietary and endogenous
cholesterol absorption, and foods naturally containing
76–449 mg of phytosterols have the ability to reduce
cholesterol absorption in a dose-response manner.25–36


Although 500 mg of phytosterols per serving is needed to
support the FDA health claim, the levels of phytosterols in
pistachios may be sufficient to play a synergistic role with
the unsaturated fatty acids and the low SFA levels in
helping to maintain normal cholesterol levels.37


Dietary fiber. Pistachios are a good source of dietary
fiber, providing 2.8 g of fiber per ounce, with 80% of the
fiber being insoluble.13,38 In a prospective study, an
inverse relationship between both soluble and insoluble
fiber and risk of cardiovascular disease (CVD) was
observed.39 The blood-lipid-lowering mechanism of
insoluble fiber is attributed to its ability to increase fecal
bulk and decrease transit time in the intestine, interfering
with cholesterol and bile absorption.38


Protein. Pistachios contain 5.9 g of protein per ounce,
making them a good source of protein.13 Clinical studies
have shown that partial replacement of carbohydrates by
plant-based protein may help lower serum LDL levels.40,41


Magnesium. Pistachios contain 31–34 mg of magnesium
per ounce (8% of the daily value).13,23 Preliminary evi-
dence suggests that magnesium has potentially beneficial
effects on reducing the risk of CVD.42,43 In the Health
Professionals Follow-up Study, the results suggested that
the intake of magnesium had a modest inverse associa-
tion with risk of CHD in men.44 One clinical study
reported that magnesium inhibits fat absorption by pro-
moting insoluble complexes with SFA to reduce post-
prandial absorption in healthy subjects.45


Antioxidant and anti-inflammatory effects


Emerging research suggests that pistachios help improve
antioxidant status and anti-inflammatory balance, which
may support cardiovascular health. Among the tree nuts,
pistachios are one of the richest and most diverse sources
of water- and fat-soluble antioxidants.46,47 Three clinical
studies have shown pistachios to have significant antioxi-
dant effects.14,18,48 Two of these studies report that pista-
chios, at 20% of the daily energy intake, significantly
enhanced endothelium-dependent vasodilation and
superoxide dismutase levels and decreased serum
interleukin-6 and lipid hydroperoxide levels, whereas
there was no significant change in C-reactive protein or
tumor necrosis factor-a levels.14 Moreover, at the same
level of intake, pistachios significantly enhanced antioxi-
dant potential and reduced malondialdehyde in the
plasma.18 The third trial found that pistachio-containing
diets significantly increased plasma lutein levels and
lowered serum oxidized LDL concentrations compared
with the control diets without pistachios.48


The key phytochemicals in pistachios that may
provide antioxidant and anti-inflammatory support for
cardiovascular health are reviewed below (Table 1).


Carotenoids. The colorful pistachio is the only nut with
significant xanthophyll carotenoid content. The primary
pistachio carotenoid is lutein, present at 329 mg/
ounce.13,46,47 Lutein, a xanthophyll carotenoid, is more
polar than b-carotene, with a much lower propensity for
pro-oxidant activity.49 Lutein has been reported to help
reduce small-particle-size LDL oxidation, which may be
associated with lutein being primarily transported within
the HDL complex, known for LDL targeted antioxidant
activity.50,51 A randomized crossover controlled-feeding
study demonstrated the potential antioxidant effects of
lutein from pistachios.48 When participants consumed the
pistachio-enriched diets, they had higher plasma lutein
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(P � 0.0001) concentrations than after the baseline diet.
After both periods in which diets were enriched with
pistachios, either 1.5 ounces or 3.0 ounces, subjects had
lower serum oxidized-LDL concentrations than after the
control diet period (P � 0.05). However, after controlling
for the change in serum LDL as a covariate, serum lutein
levels in subjects consuming 3 ounces of pistachios
were modestly associated with reduced oxidized-LDL
(P = 0.06). The effect of pistachio lutein on cardiovascular
health needs further investigation.


g-Tocopherol. Pistachios contain 6.7 mg of g-tocopherol
per ounce.13 As an antioxidant, g-tocopherol uniquely
scavenges reactive nitrogen species and has anti-
inflammatory properties mediated through inhibition of
cyclooxygenase-2.52 In addition, preliminary studies
suggest that g-tocopherol may work synergistically with
aspirin to produce a stronger anti-inflammatory effect
without causing stomach injury.53 CHD patients tend
to have lower serum g-tocopherol levels than CHD-
free, healthy subjects.52 Although pistachio consump-
tion increases serum g-tocopherol levels,54 the effect of
g-tocopherol on cardiovascular health needs further
investigation.


Phenolic compounds. The total content of phenolic
compounds, including anthocyanins, flavonoids, lignans,
phenolic acids, proanthocyanidins, stilbenes, and hydro-
lyzable tannins, varies widely among nuts, with pecans,
pistachios, and walnuts being the richest sources.46,47 Pis-
tachios have a total phenol content of about 470 mg per
ounce.46 Phenolic compounds may have antioxidant and
anti-inflammatory properties, which may help improve
endothelial function and decrease oxidized LDL.55–59 Phe-
nolic antioxidants may be more effective in MUFA-rich
nuts like pistachios than in PUFA-rich nuts.47,59


Effects on blood pressure


Of the nuts, pistachios have the highest level of potas-
sium, containing 285 mg per ounce (8% daily value)
(Table 1).13,23,24 Potassium is the major intracellular cation
in the body and is required for normal cellular function
and vascular tone (blood pressure).60–62 Observational
and clinical studies suggest that increased potassium
intake may help control blood pressure in normal and
hypertensive people.63–65


GLYCEMIC CONTROL AND TYPE 2 DIABETES


The worldwide prevalence of type 2 diabetes is on the
rise, with an increase of 50% projected by the year 2030.66


The presence of type 2 diabetes increases the risk of CVD


two- to fivefold, especially for women.67–73 The effects of
diabetes on global health and the economy is enormous.66


Diabetes is associated with a multitude of other health
complications that include hypertension and stroke,
cancer, limb amputation, blindness, and renal disease.74–76


The inclusion of nuts in the diets of people with or at
risk of developing type 2 diabetes may be beneficial in
moderating glycemic control.77–81 Pistachio nuts have a
very low glycemic index that ranges from 4 to 9.82 A
recent clinical study reported that the addition of pista-
chios to foods with a high glycemic index, like parboiled
rice, pasta, and mashed potatoes, can reduce the total
postprandial glycemic response by 20–30%.82 This sug-
gests potential blood glucose control benefits of incorpo-
rating pistachios into meals or snacks with a high
glycemic index.


WEIGHT CONTROL


The growing prevalence of overweight and obesity world-
wide is a critical public health concern, as excess body fat
increases the risk of many chronic diseases.83–94 In the
United States, the obesity rate doubled and the net average
daily per capita caloric intake increased by about 600
calories between 1970 and 2008.4 Although a common
recommendation for weight loss or maintenance has
been the restriction of high-fat, energy-dense foods such
as nuts, epidemiologic and clinical studies suggest that
moderate consumption of nuts may help provide people
an enjoyable way to control their weight.84–89


When consumed as portion-controlled snacks, pista-
chios may support a healthier weight compared with
refined carbohydrate snacks for individuals on a calorie-
restricted diet.90 A randomized, parallel, isocaloric
reduced-calorie weight-loss study compared the effect of
pistachios with that of pretzels. The study involved 70
overweight and obese subjects consuming about 230
calories of pistachios or pretzels as an afternoon snack for
12 weeks. As expected, both groups lost weight
(P � 0.001), but there was a trend for the pistachio group
to lose more weight than the pretzel group (P = 0.09).
Additionally, there was a significantly greater reduction
in body mass index (BMI) in the pistachio group (4.3% of
BMI) than in the pretzel group (2% of BMI) (P < 0.05)
and a significantly lower level of triglycerides in the pis-
tachio group compared with the pretzel group (P < 0.01).


The key weight-control mechanisms of pistachios
are likely increased satiation and satiety signals85,91–93 and
lower metabolizable energy.20,94 Two studies suggest a
unique effect of in-shell pistachios on reducing caloric
intake as a result of the following: 1) the visual cues of the
empty pistachio shells accumulating on the table help
people to be mindful of their intake, leading to the con-
sumption of fewer calories,92 and 2) the extra time needed
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to shell the nuts and the extra volume perceived when
consuming in-shell pistachios resulted in subjects con-
suming about 40% fewer calories compared with con-
suming pistachio kernels, with the same fullness and
satisfaction ratings.93


CONCLUSION


Pistachio nuts have been part of the human diet since
prehistoric times and have been consumed by past civili-
zations in part for their nutritional and health-
management properties. Pistachios are nutrient-dense
nuts that contain a heart-healthy fatty-acid profile,
protein, dietary fiber, potassium, magnesium, vitamin K,
g-tocopherol, and a number of phytochemicals, including
phytosterols, phenolic acids, and xanthophyll caro-
tenoids.Among nuts, pistachios contain the highest levels
of potassium, phytosterols, vitamin K, g-tocopherol, and
lutein. A growing number of clinical studies suggest
potential health benefits of pistachio nuts. Five published
randomized clinical studies have shown that pistachios
have a beneficial effect on blood lipid profiles. Further-
more, emerging clinical evidence suggests that pistachios
may help reduce oxidative and inflammatory stress and
promote vascular health, glycemic control, appetite man-
agement, and weight control.
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