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Abstract
Information regarding Pistachio intake on body composition, and blood lipids in healthy women is limited. The 

researchers wished to investigate the effects of Pistachios on blood lipids, erythrocyte membrane incorporation of fatty 
acids, weight, body composition, and Blood Pressure (BP) in healthy women (N=48, age=21±0.51). The study was a 
randomized, free-living crossover design at two university campuses with two 10-week treatment periods; pistachios 
added (20% of kcals), a no pistachio control treatment, and a 15-week washout period. Measurements were taken at 
beginning and end of each treatment and nine randomized diet records were collected per treatment and analyzed us-
ing a mixed effects model. Neither treatment had a significant effect on blood lipids, erythrocyte fatty acid membranes, 
body weight, percent body fat, or BP.  In the pistachio treatment, dietary energy was higher (p=0.0012) and dietary 
total fat, vegetable protein, total MUFA, total PUFA, insoluble dietary fiber, gamma-tocopherol, and copper, were all 
significantly higher than the control (p<0.001). The glycemic index and betaine were significantly higher in the control 
compared to the pistachio treatment diet (p=0.0010 and 0.0002, respectively). Inclusion of 20% of kcals as pistachios 
does not contribute to weight gain, body fat or blood lipid changes, but may increase diet quality in healthy women. 
Registered. Registered with ClinicalTrials.gov #NCT02849392
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LDL : Low Density Lipoprotein 
NDS-R : Nutrition Data System for Research 
MUFA : Monounsaturated Fatty Acid 
n-3 : Omega-3 
n-6 : Omega-6 
PUFA : Polyunsaturated Fatty Acid
SFA : Saturated Fatty Acid 
SAS : Statistical Analysis Software
TC : Total Cholesterol
TBM : Total Body Mass
TBW : Total Body Water
TAG : Triacyl Glycerides 
UDD : Unusual Diet Diary

Introduction
One ounce (28.4g) of Pistachios contains 162 kcals, 5.97 g 

protein, and 13.0 g total fat. Most of the total fat is Monounsatu-
rated (MUFA) (6.96 g) and Polyunsaturated (PUFA) (3.78 g) fatty 
acids [1]. Although pistachios are rich in fat, which provides 9 
kcal/g, diets high in MUFAs [2,3] or diets high in other tree nuts 
have not been associated with significant weight gain [3-6]. 

Diets rich in MUFAs have been shown to decrease the risk 
of heart disease by reducing Low Density Lipoprotein (LDL) cho-
lesterol, thereby improving the LDL Cholesterol: High Density 
Lipoprotein (HDL) ratio [2,3]. Published Pistachio consumption 
studies show decreases in blood cholesterol and blood lipids in 
hypercholesteremic [7-11], in healthy men [12], in healthy vol-
unteers (average age about +10 years than our study participants) 
[13], during weight loss in overweight participants [14], and in 
participants with metabolic syndrome [15,16]. Others have exam-
ined body composition changes in metabolic syndrome or have 
focused on glucose metabolism and lipid profiles in type 2 diabetes 
[17,18] and pre-diabetes [19-22]. There have been no studies in 
healthy young women.

Plasma fatty acid composition reflects dietary fatty acid 
intake [23,24], however, erythrocyte membrane incorporation of 
fatty acid is a better long-term assessment of fatty acid status than 
plasma [23,25]. Incorporation of MUFAs and PUFAs into mem-
branes displaces saturated and trans fatty acids and may be one of 
the mechanisms for decreased blood cholesterol levels. There are 
no studies that have investigated erythrocyte membrane incorpo-
ration of fatty acids following pistachio consumption in healthy, 
young women. Pistachio consumption Blood Pressure (BP) chang-
es demonstrate conflicting results [9,15,26,27]. One demonstrated 
a decreased systolic blood pressure; others observed no changes 
in blood pressure [9,15,27]. Research investigating the beneficial 

effects of regular pistachio consumption on body composition is 
limited, for example, only one study examined the effect of pista-
chios on visceral adipose tissue [16]. Studies that investigate body 
composition, erythrocyte membrane incorporation of fatty acids, 
blood lipids, diet quality, and blood pressure in regard to pista-
chio consumption are needed, especially in healthy women. The 
purpose of the present study was to examine the effects of pis-
tachio consumption on body composition, erythrocyte membrane 
incorporation of fatty acids, blood pressure, blood lipids, and diet 
quality using a cross-over study with two 10-week treatment pe-
riods: a pistachio added (20% of kcals) and a no-pistachio control 
treatment diet in healthy, young women. The null hypothesis for 
the study is that there will be no differences between campuses or 
between treatments for all of the variables, since the women par-
ticipants are young and apparently healthy (absence of disease).

Materials and Methods
Aims

The aims of the study are to examine the effects of a diet 
rich in pistachios on body composition (two different university 
campuses; University#1=California Polytechnic State University, 
San Luis Obispo, andUniversity#2=California State Polytechnic 
University, Pomona);examine incorporation of healthy fats into 
erythrocyte membranes (University #2); determine changes in 
blood lipids (both campuses); assess diet quality/micronutrient 
quality with pistachio consumption (both campuses); assess diva-
lent micronutrient absorption (Zn and Fe) to ensure that the fiber 
in the pistachios was not inhibiting uptake and absorption of these 
minerals (University #1).

Participants
The Institutional Review Boards at both universities ap-

proved all procedures involving human participants. Written and 
signed informed consent was obtained from all participants prior 
to beginning the study. Women at both universities were invited to 
participate in the study and recruitment was through mass emails 
and flyers posted on both campuses. The first 30 qualified wom-
en were enrolled into the study at each site (60 total). Potential 
participants signed Informed Consent forms and then completed 
a screening questionnaire. The study inclusion criteria required 
biological women (age 18-40 years old, with healthy body mass 
index), who were willing to consume pistachios, did not take nu-
tritional supplements for 2-months before beginning of study, not 
allergic to nuts of any kind, and were free of chronic diseases. Par-
ticipants were excluded if they did not meet the inclusion criteria 
or took medications that affected fat malabsorption, took laxatives, 
drank more than 1 ounce of ethyl alcohol per day, were planning 
on becoming or presently pregnant, had pacemakers or metal pins/
plates in the body, or if they were considered elite athletes.
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Study Design and Protocol
The study was a randomized, crossover design with two 10-

week treatment periods: 20% of kcals from shelled roasted un-
salted pistachios (intervention) and a no-pistachio usual diet (con-
trol) diet. Treatments were separated by a 15-week washout (rest) 
period. Originally, the study was based on two 12-week treatment 
cycles, but was changed to 10-weeks due to the time limitations of 
the university quarter system and concern for participant dropout 
and or possible compliance issues during the breaks. 

Participants were randomized into either the pistachio treat-
ment group or the control group. This study used a crossover de-
sign, therefore all subjects participated in the pistachio treatment 
intervention and served as their own control, which ensured that 
everyone could participate in both treatments. At the initial visit, 
half of the participants were randomized to include pistachios in 
their diet as snacks or in meals (20% of kcals; intervention group), 
and half continued their normal diets (control group) without pis-
tachios. Since this was a free-living study, no attempt was made 
to alter the normal diet or to control calories, or the size and time 
periods between meals.

During the second treatment cycle, the control participants 
were given pistachios, and the participants that had consumed pis-
tachios, were told to consume their normal diet and not consume 
pistachios during that treatment. All participants met with study 
personnel to submit diet records. During the washout, participants 
were asked to return to their normal diet. At baseline and end of 
each treatment period, height, weight, waist and hip circumfer-
ence, and body composition were measured, and a 12-hour fasting 
blood draw was performed.

The researchers calculated the required amount of pistachios 
for each participant based on 20% of their usual caloric need us-
ing the Harris-Benedict Equation and the International Physical 
Activity Questionnaire. Every week, the researchers met with 
the pistachio-consuming participants to provide the weekly sup-
ply (one per day) of their individualized pre-measured packets of 
pistachios and to collect the diet records, the Unusual Diet Di-
ary (UDD) [28].Researchers met with the control subjects to col-
lect the diet records, UDD on an “as needed” basis. Participants 
were asked to recall their physical activity level over the preceding 
week (7-day recall) using the 2002 International Physical Activity 
Questionnaire short questionnaire. The activity information was 
used to determine activity level for pistachio calorie calculation 
requirements. Participants were encouraged to maintain their usual 
levels of physical activity during the entire study. 

Data Collection
Dietary Intake Analyses

Participants were trained to keep accurate food records, and 

were asked to perform three randomly selected three consecutive 
day food records throughout the study. Food record nutrients of 
interest included: protein, carbohydrate, fiber, total and individual 
dietary fats (saturated fat, monounsaturated fat, polyunsaturated 
fat, as well as trans, n-3 and n-6 fatty acids), all minerals including 
iron and calcium and all water and fat-soluble vitamins. The Nu-
trition Data System for Research (NDS-R) from the University of 
Minnesota (University Board of Regents, 2013) was used for the 
diet analysis on both campuses.

Biochemical Analyses

The participants fasted for 12 hours before the blood draw 
and drank 1.5 cups of water in the morning before the blood draw 
to protect against dehydration and facilitate the blood draw. Blood 
was drawn and processed by trained phlebotomists at the on-cam-
pus Student Health Centers at week 1 and 10 for each treatment 
cycle, analyses included: Total Cholesterol (TC), LDL cholesterol 
(calculated), HDL cholesterol and Triacyl Glycerides (TAG), a 
standard blood chemistry panel and iron status. Processed samples 
were sent to clinical laboratories for analyses.

Erythrocyte Membrane Incorporation (Lipomics)

At University #2, blood cells were separated by centrifuga-
tion, and washed three times, frozen, then shipped overnight to 
Lipomics (West Sacramento, CA a division of Metabolon) to de-
termine the fatty acid incorporation in the erythrocyte membranes 
according to the methods described by Burns-Whitmore, et al. [28] 
and Sabáte, et al. [29]. 

Anthropometric Measurements

Body composition analysis

Body composition was measured at baseline and end of 
treatment using the Tanita Bio-impedance Scale (G-30) TANITA 
Corporation, (Tokyo, Japan). Measurements taken include: body 
weight, Body Mass Index (BMI), percent body fat, impedance, fat 
mass, Fat Free Mass (FFM), lean body mass, Total Body Mass 
(TBM), and Total Body Water (TBW). 

Body Composition/Bone Mineral Density (iDXA- Collected at 
University #1 site only)

Full-body DXA (iDXA, GE Healthcare) was used to determine 
body fat mass, body fat percentages, lean body mass and bone 
mineral density of each participant at University 1. The partici-
pant fasted 4-hours prior (excluding water consumption) to being 
measured. Even though the radiation dose given was as low as or 
even insignificant in comparison with natural background radia-
tion levels [30], a pregnancy test was given to participants before 
the test to ensure safety of the fetus. A positive test disqualified the 
participant. 
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Body Weight and Waist-To-Hip Measurements

Body weight was measured using a calibrated scale as well 
as with the Tanita scale and recorded to the nearest 0.1 kg. Height 
was measured on a statiometer, and recorded to the nearest 0.1 cm. 
Age and height was non-changing for the purpose of this study. 
Waist and hip circumference was measured using a flexible mea-
suring tape and protocol was based on NHANES III standardized 
procedures. Personnel were thoroughly trained using CDC proto-
cols [31]. Blood pressure was taken two times using an automatic 
cuff blood pressure monitor (Omron 3 series, Omron Healthcare 
Inc., Lake Forest, IL). Protocols were based on Mayo Clinic stan-
dardized procedures and study personnel were trained on these 
protocols [32].

Statistical Analyses
A sample size of 24 participants per university provides more than 
adequate power (80%) to detect individual changes. The statistical 
analyses were run using Statistical Analysis Software (SAS version 
9.2). The data were analyzed using a mixed effects model, which 
is a model where some of the independent variables are treated 
as fixed effects and some as random effects. Due to the crossover 
nature of the study design, the participants in the dataset have re-
peated measurements on variables such as body weight, which are 
presumably related to each other. When data are collected from re-
lated units it is important to account for the possible similarities of 
responses from these related units. Thus, Subject ID was included 
in the model as an independent variable. However, even though we 
would like to account for the effect of observations on a partici-
pant being related, we are not interested in estimating the average 
response of each individual. For example, we are not interested in 
how much higher Subject 1’s average percent body fat is compared 
to Subject 2’s. Thus, Subject ID’s effect on a response variable of 
interest was treated as a random effect. In contrast, we treated our 
other independent variables as fixed effects because we are inter-
ested in the effect size of these factors on the response variables. 
For example, we want to know how much higher the average per-
cent body fat is when on diet 1 compared to diet 2. Separate mixed 
effects models were run for each response variable of interest, with 
the following predictors (or independent variables) in each case: 
Subject ID, diet (pistachio versus habitual), location (university 
1 versus 2), and the interaction of diet and location (to investigate 
whether the effect of diet is modified by location).

Quality Control
Compliance

Binders containing forms and instructions for food records 
and the UDD were provided to participants. Three, 3-day random-
ized food records for a total of 9 days were collected during each 
treatment to obtain information regarding the participant’s diet and 
determine if the participant was adhering to treatment protocols. 

Completed forms were checked for accuracy and collected at the 
weekly study visits. Participants were asked to return their leftover 
daily bags which contained their pistachios. 

Adherence and compliance to the assigned diets were as-
sessed using a self-reported Unusual Diet Diary (UDD) [28], which 
was filled out by the participant when unusual quantities of foods 
or accidental pistachio consumption occurred, medical treatment 
was required, a suspected allergic reaction/side effect occurred or 
pharmaceuticals were consumed. Diet counseling was provided 
at each visit (if needed) and compliance to study protocols was 
evaluated by counting the number of empty pistachio bagsand ex-
amining the participant’s UDDs. Participants received email/text 
reminders about weekly meetings, meetings for diet records, and 
clinic instructions.

Results and Discussion
Participant Characteristics

Sixty participants were recruited for the study and 48 (80%) 
finished the study. Of those who failed to complete the study, most 
cited family, school or work pressure/problems, and one cited 
digestive problems. The participants in the 35-week randomized 
crossover trial were instructed to eat an allotted amount of pista-
chios (20% of kcals) during the pistachio treatment arm and not to 
eat pistachios during the control arm. Between both campuses, at 
baseline, the participants somewhat significantly differed in per-
cent body fat p=0.0405 (p<0.05). There were no other differences 
in body composition. Twenty-five participants (83%) finished the 
study at University 1, and 25 (77%) finished at University 2. (Table 
1)provides the comparisons of body composition, blood pressure 
and blood lipid values between participants at both campuses. Only 
data from the participants that finishedthe study was analyzed.

Characteristic1 University 2 University 1 Both
Age 22.8 ± 0.93 20 ± 0.29 21 ± 0.07

Weight 60.2 ± 1.68 57.8 ± 1.46 58.9 ± 1.11
BMI 22.0 ± 0.46 21.6 ± 0.44 21.9 ± 0.33

Waist Circum-
ference 28.9 ± 0.42 28.5 ± 0.59 28.7 ± 0.36

Triacyl Glyc-
eride 79.0 ± 7.22 76.6 ± 7.70 7.7 ± 5.24

Total Choles-
terol 151 ± 6.42 158.6 ± 4.95 155.0 ± 4.00

LDL3 76.2 ± 4.82 79.0 ± 4.91 77.7 ± 3.41
HDL 59.1 ± 2.79 64.3 ± 2.08 61.8 ± 1.74

Cholesterol: 
HDL 2.64 ± 0.12 2.54 ± 0.12 2.59 ± 0.08

Percent Body 
Fat2 25.8 ± 1.18 22.3 ± 1.16 24.0 ± 0.86
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Systolic Blood 
Pressure 110 ± 2.31 105.3 ± 1.69 107.8 ± 1.45

Diastolic 
Blood Pressure 71.0 ± 2.06 67.3 ± 1.35 69.1 ± 1.23

Iron 113 ± 8.80 93.1 ± 9.92 102.6 ± 6.76
1Mean ± standard error of participants who completed the study
2Percent body fat was significantly higher (p=0.0405) at University 2 
than University 1; all other values were not significant.

Table 1: Participant Baseline Characteristics at each University, Univer-
sity 2 n = 23 and University 1 n = 25, Total number of participants = 48.

Dietary Compliance- Diet Composition
(Table 2) provides the data differences in selected dietary 

nutrients between diet treatments. To account for multiple testing, 
at an overall 5% alpha or significance level, we will need indi-
vidual p-values to be lower than 0.001 to conclude the presence 
of significant relationships. Although these nutrients were not sig-
nificant at an overall alpha of 5%, total protein (p=0.0055), soluble 
dietary fiber (p=0.0060), phosphorus (p=0.0023), and the PUFA 
to saturated fat (SFA) ratio were higher in the pistachio treatment 
while starch (p=0.0019), sodium (p=0.0191) and the glycemic 
load (p=0.0132) were higher in the control treatment. Energy was 
higher (p=0.0012) in the pistachio treatment compared to the con-
trol. Fat, vegetable protein, total MUFA, total PUFA, insoluble 
dietary fiber, gamma-tocopherol, and copper were also higher in 
the pistachio treatment (p<0.001). The glycemic index and betaine 
were significantly higher in the control compared to the pistachio 
treatment. Fat, vegetable protein, total MUFA, total PUFA, insolu-
ble dietary fiber, gamma-tocopherol, and copper were significantly 
higher in the pistachio treatment, which suggests that pistachios 
increased dietary quality. Energy was significantly higher in the 
pistachio treatment compared to the control, which may indicate 
that participants may have added pistachios to their diet instead of 
incorporating them into their existing diet.

Sheridan et al. [9] found a significant decrease in saturated 
fat in the pistachio treatment, but our study did not. O’Neil et al. 
[28] found significantly higher dietary intakes of fiber, vitamin E, 
calcium, magnesium and potassium and a lower intake of sodium 
than non-tree nut consumers. We found significantly higher intakes 
of insoluble fiber, gamma-tocopherol, and copper, and approached 
significance (p<0.001) for decreased phosphorus (p=0.0023), so-
dium (p=0.0191), and increased potassium (p=0.0011) in the pis-
tachio treatment (Table 2). Sauder et al. [22] found dietary sodium 
was significantly lower and potassium higher compared to the con-
trol in their study. Our study was a free-living group of healthy 
women, while the Sauder study was an iso-caloric controlled 
metabolic kitchen study in people with type 2 diabetes [27]. How-
ever, both studies indicate that potassium is increased and sodium 

decreased when participants consume pistachios, which is a more 
favorable change towards a heart-healthy diet.

The glycemic index was significantly higher in the control 
compared to the pistachio treatment. Since the glycemic index is 
of concern for people with diabetes, and the glycemic index was 
lower in the pistachio treatment, pistachios might be a viable way 
to increase MUFA and PUFA while decreasing the glycemic in-
dex in the diet. More studies are needed to confirm that pistachios 
decrease the glycemic index of the diet, and result in lower blood 
glucose, which aids in the prevention of diabetic complications.

Nutrient1 Pistachio 
(n=48)

Control 
(n=48) P value

Energy (Kcals) 1819 (43.0) 1609 (43.0) 0.0012
Fat (g) 80.88 (2.00) 58.39 (2.00) <0.0001

Total Protein (g) 72.92 (1.50) 66.82 (1.50) 0.0055
Vegetable Protein (g) 37.11 (1.10) 29.34 (1.10) <0.0001

MUFA2 (g) 32.78 (0.84) 20.46 (0.84) 0.0001
PUFA3 (g) 19.96 (0.64) 13.93 (0.64) <0.0001

Total Saturated Fat (g) 21.20 (0.76) 18.90 (0.76) 0.0365
Starch (g) 82.35 (3.80) 99.85 (3.80) 0.0019

Total Dietary Fiber (g) 24.78 (0.82) 21.52 (0.82) 0.0069
Insoluble Dietary Fiber (g) 19.05 (0.62) 14.87 (0.62) <0.0001
Soluble Dietary Fiber (g) 5.60 (0.22) 6.48 (0.22) 0.0060
Gamma-Tocopherol (µg) 24.04 (0.67) 10.90 (0.67) <0.0001

Vitamin B6 (mg) 2.309 (0.08) 1.879 (0.08) 0.0003
Betaine (µg) 130.0 (7.50) 172.1 (7.50) 0.0002

Total Vitamin A (IU) 8267 (582) 8720 (582) 0.5816
Lutein/Zeaxanthin (µg) 3204 (508) 3781 (508) 0.4224

Phosphorus (mg) 1254 (33.0) 1104 (33.0) 0.0023
Copper (mg) 1.890 (0.06) 1.330 (0.06) <0.0001
Sodium (mg) 2380 (95.0) 2705 (95.0) 0.0191

Potassium (mg) 2692 (68.0) 2357 (68.0) 0.0011
Glycemic Index 53.10 (1.00) 58.13 (1.00) 0.0010
Glycemic Load 103.0 (3.70) 116.0 (3.70) 0.0132

1Mixed Effects Model; Least Square Mean (Standard Error of the 
Mean); Significance is p<0.001
2Monounsaturated Fatty Acids (MUFA)
3Polyunsaturated Fatty Acids (PUFA

Table 2: Differences in Selected Dietary Nutrients Between Diet Treat-
ments.

Serum Lipids and Lipoproteins
There were no significant differences between diet treat-

ments or campuses for blood lipids and there were no significant 
differences between the blood lipids at baseline and end of treat-
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ment for either the treatment or control (Table 3). 

Treatment Diet by Visit

Values1 Pistachio 
Baseline2

Pistachio 
End2

Control 
Baseline2

Control 
End2 P value

Triacyglyc-
erides (mg/

dl)

80.8 
(3.43)

80.8 
(3.57)

82.0 
(3.38)

86.0 
(3.46) 0.5599

Cholesterol 
(mg/dl)

158 
(1.90)

161 
(1.88)

161 
(1.88)

162 
(1.90) 0.4956

LDL3(mg/
dl)

79.4 
(1.64)

82.1 
(1.73)

81.5 
(1.640

81.5 
(1.66) 0.4262

HDL (mg/
dl)

62.8 
(0.90)

63.3 
(0.95)

63.6 
(0.90)

63.8 
(0.91) 0.8508

TC: HDL 2.59 
(0.04)

2.62 
90.04)

2.61 
(0.04)

2.61 
(0.04) 0.6898

1Mixed Effects Model 
2Least Square Mean (Standard Error) 
3Calculated (Friedewald)

Table 3: Blood Lipids at Baseline and End of Diet Treatment.

Erythrocyte Membrane Analysis
There were no significant lipid membrane differences for ei-

ther treatment (Table 4). 

Fatty acid µg/mole%1 Pistachio 
Difference2

Control
Differ-
ence2

P-
value

Total Saturated 44.1 (0.73) 44.6 (0.69) 0.6452
Total Monounsaturated

Palmitoleic acid (16:1 n-7)
Oleic acid (18:1 n-9)

Vaccenic acid (18:1 n-7)
Eicosenoic acid (20:1 n-9)

18.3 (0.42)
1.17 (0.22)
13.5 (0.20)
2.25 (0.16)
0.32 (0.01)

18.3 (0.40)
1.22 (0.21)
13.4 (0.19)
2.15 (0.15)
0.31 (0.01)

0.9640
0.8681
0.6756
0.6724
0.3386

Total Polyunsaturated
n-6 (total)

Linoleic (18:2 n-6)
Gamma-linolenic acid (18:3 n-6)

Arachidonic (20:4 n-6)

31.5 (0.95)
27.0 (0.73)
11.4 (0.25)
0.04 (0.00)
10.7 (0.47)

30.8 (0.90)
26.4 (0.69)
11.3 (0.23)
0.05 (0.00)
10.3 (0.45)

0.5854
0.6116
0.9586
0.1146
0.5416

n-3 (Total)
Alpha-Linolenic (18:3 n-3)

EPA (20:5 n-3)3

DHA (22:6 n-3)3

4.54 (0.25)
0.09 (0.01)
0.24 (0.02)
2.71 (0.17)

4.33 (0.24)
0.09 (0.01)
0.22 (0.02)
2.57 (0.16)

0.5460
0.5744
0.3677
0.2673

1Fatty Acid Values Are Presented in Least Square Means with Standard 
Error (SE). 
2Mixed Effects Model, Controlling for Diet and Visit. 
3EPA = Eicosapentaenoic Acid; DHA = Docosahexaenoic Acid

Table 4: Fatty Acid Composition of Selected Erythrocyte Membrane Dif-
ferences for Each Dietary Treatment (University 2 Only).

Dietary Lipids to Blood Lipids
The researchers also investigated the relationship of dietary 

lipids to blood lipids and membrane lipids as a change of either 
blood lipid (data not shown) or membrane lipids (Table 5) associ-
ated with a 1-unit change in dietary fat intake accounting for diet 
treatment, location, and subject-to-subject variability.

To account for multiple testing, at an overall 5% significance 
level, we will need individual p-values to be lower than 0.001 to 
conclude the presence of significant relationships. Our analyses 
revealed that there were no significant relationships found (at an 
overall 5% significance level) between any of the dietary fat in-
take variables or any of the measures of fatty acids in the erythro-
cyte membranes, after accounting for diet (pistachio vs. control) 
and subject-to-subject variability (Table 5). The smallest p-value 
found was 0.015 for dietary PUFA and membrane 18:2 n-3 (alpha-
linolenic acid-ALA), but again, it was not significant at the overall 
5% significance level. Other variables that trended towards sig-
nificance include total dietary fat to membrane saturated fatty ac-
ids (SFA) (p=0.034), membrane PUFAs (p=0.05), total membrane 
omega-3 (n-3) (p=0.035), docosahexaenoic acid (DHA) (p=0.046) 
and total membrane n-6 (p=0.067); dietary MUFA to membrane 
SFA (p=0.031), MUFA (p=0.052), PUFA (p=0.041), total n-3 
(p=0.077) and total n-6 (p=0.039) and PUFA: SFA ratio to ALA 
(p=0.024).

We hypothesized that blood lipids, TAG, TC and LDL cho-
lesterol, would either remain the same or decrease in the pistachio 
treatment. Our results confirmed a decrease in the lipids, but the 
findings were not significant (Table 3). It is possible that normal 
mean lipid values in healthy people will not show significance, 
since only a large drop in lipid levels would result in statistical 
significance in a group of 48 healthy young women. Studies in 
hypercholesterolemia and metabolic syndrome show a significant 
drop in total cholesterol and/or LDL cholesterol [7-12,15,16]. In a 
healthy group of men and women 10-years older than the partici-
pants of this study, TAG, LDL, and total cholesterol decreased, but 
the change was not significant. HDL and TC: HDL and LDL: HDL 
significantly increased when pistachios were substituted for 20% 
of energy in the diet [13]. Our study shows a similar trend but was 
not significant.

In the lipid correlation analysis, no statistically significant 
relationships were found between the dietary fat intake variables 
or the blood lipid measures (Table 5). Dietary MUFA and serum 
HDL resulted in a p=0.004, but was not significant at an overall 
alpha of 5% or even an overall alpha of 10% (for which the in-
dividual p-value needs to be less than 0.002). Also, non-signifi-
cant, but trending to significance was dietary fat to serum HDL 
(p=0.015), dietary PUFA to HDL (p=0.029), dietary MUFA to TC: 
HDL (p=0.044), and dietary PUFA: SFA to serum TAG (p=0.010) 
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measures (data not shown). 
Total dietary fat affects the lipid concentration of erythrocyte 

membranes [25]. This is reflective in the membrane incorporation 
responses, which are somewhat conflicting but since dietary total 
fat encompasses all types of fatty acids, it is expected that many 
interactive effects are possible. However, dietary MUFA seemed 
to influence SFA incorporation (negative slope), so as MUFA in-
creases in the diet, the lipid concentration of saturated fat decreas-
es (Table 4). MUFA positively influences PUFA, total n-3and total 
n-6 incorporation. The PUFA: SFA ratio was associated with a 
negative slope of total n-3, indicating as that as the ratio increases 
there is a decrease in n-3 incorporation. This may be related to the 

inhibitory effects of SFA on the delta-6 desaturase enzymes, and 
possibly a competitive inhibition of other types of PUFA, includ-
ing n-6, for the delta-6 desaturase enzymes and limited total n-3 
incorporation into erythrocyte membranes. 

No studies have investigated the effects of pistachio con-
sumption on erythrocyte membrane incorporation; however, stud-
ies with other tree nuts, such as walnuts, clearly show an increase 
in membrane changes corresponding to the treatment food compo-
sition [28,33]. It is possible that uptake of essential fatty acids such 
as the n-3 fatty acids are incorporated at a faster rate than MUFA, 
or that changes in erythrocyte membrane lipids may require more 
than 10-weeks to show statistical significance.

Membrane Lipid Response Outcome1, 2

Diet Predic-
tor

Saturated 
fatty acids MUFA3 PUFA3

Total n-3 
fatty acids Alpha-Lino-

lenic Acid4
Linoleic 

Acid4 EPA3,4 DHA3 Total n-63

fatty acids 
(n-3 FA3)

Total fat
-0.191 
± 0.082 
(0.034)

-0.047 ± 
0.029

0.216 ± 
0.101

0.062 ± 
0.027

-0.001 ± 
0.001

-0.00004 ± 
0.0002

0.002 ± 
0.002

0.038 ± 
0.018

0.154 ± 
0.078

(0.134) -0.05 -0.035 (0.226) (0.868) -0.398 -0.046 -0.067

 Cholesterol 
0.017 ± 
0.021

0.005 ± 
0.007

-0.023 ± 
0.025

-0.008 ± 
0.007

-0.00002 ± 
0.0002

0.000003 ± 
0.0001

-0.0003 ± 
0.001

-0.005 ± 
0.004

-0.015 ± 
0.019

-0.423 -0.478 (0.378) (0.244) (0.875) -0.951 (0.596) (0.252) (0.453)

SFA3
-0.293 ± 

0.340
-0.024 ± 

0.116
0.342 ± 
0.413

0.130 ± 
0.109

-0.002 ± 
0.003

-0.001 ± 
0.001

0.014 ± 
0.008

0.090 ± 
0.070

0.212 ± 
0.315

(0.402) (0.84) -0.421 -0.248 (0.493) (0.328) -0.09 -0.214 -0.51

PUFA3
-0.386 ± 

0.278
-0.113 ± 

0.094
0.450 ± 
0.338

0.116 ± 
0.091

-0.005 ± 
0.002

-0.0002 ± 
0.001

0.0003± 
0.007

0.074 ± 
0.059

0.334 ± 
0.256

(0.185) (0.248) -0.203 -0.224 (0.015) (0.757) -0.965 -0.231 -0.213

MUFA3
-0.362 
± 0.153 
(0.031)

-0.111 ± 
0.052

0.420 ± 
0.188

0.099 ± 
0.052

-0.002 ± 
0.001

0.0002 ± 
0.001

0.001 ± 
0.004 

(0.845)

0.059 ± 
0.035 

(0.109)

0.321 ± 
0.142

(0.052) -0.041 -0.077 (0.142) -0.73 -0.039

n-3 FA3
3.251 ± 
3.334

1.210 ± 
1.103

-3.383 ± 
4.072

-0.527 ± 
1.112

-0.007 ± 
0.026

-0.013 ± 
0.008

0.012 ± 
0.086

-0.206 ± 
0.723

-2.855 ± 
3.064

-0.345 -0.29 (0.419) (0.643) (0.790) (0.129) -0.894 (0.779) (0.366)

PUFA3S-
FA3

-0.897 ± 
4.843

-0.972 ± 
1.597

0.878± 
5.868

-0.311 ± 
1.578

-0.077 ± 
0.031

0.0004± 
0.012

-0.144 ± 
0.116

-0.213 ± 
1.020

1.172 ± 
4.434

(0.856) (0.552) -0.883 (0.846) (0.024) -0.977 (0.233) (0.837) -0.795

TC: 
SFA3Index

-0.027 ± 
0.231

0.019 ± 
0.077

0.016 ± 
0.280

0.009 ± 
0.075

-0.001 ± 
0.002

-0.0004 ± 
0.0006

0.005 ± 
0.006

0.009 ± 
0.049

0.007 ± 
0.212

(0.908) -0.806 -0.955 -0.902 (0.683) (0.538) -0.428 -0.848 -0.974
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1Parameter Estimate; Mixed effects models was run with response being each of blood lipids, and the following predictors (explanatory variables) 
and expressed in parameter estimates for the “slope” (change in blood lipid measure that is associated with a 1 unit change in dietary fat intake, after 
accounting for type of diet, location, and subject-to-subject variability) and standard error (+) ; p-values are in parentheses and are significant at an 
overall alpha of 5% if the P<0.001, and at an overall alpha of 10% if P<0.002.
2Only tested at University 2.
3Abbreviations- MUFA=Monounsaturated Fatty Acids, PUFA=Polyunsaturated Fatty Acids, n-3 Fatty Acids= Omega-3, EPA=EicosapentaenoicAcid, 
DHA= Docosahexaenoic Acid, n-6=omega-6, SFA=Saturated Fat, TC= Total Cholesterol.
4For purposes of comparison and the minute amounts measured, values for linoleic acid, alpha linolenic acid, eicosapentaenoic acid were not rounded 
to the nearest 10.

Table 5: Relationship of Dietary Lipids to Membrane Lipid Parameters for the “Slope” (Change in Blood Lipid Measure that is Associated with A 
1-Unit Change in Dietary Fat Intake, After Accounting for Type of Diet, Location, and Subject-To-Subject Variability).

Blood Pressure and Body Composition
There were no significant differences in body composition 

(fat-free mass, water, fat mass) or blood pressure at baseline and 
end of treatment for either treatment (Table 6) and no significant 
differences in body composition using Idxa (Table 7).

There were no significant differences in BP at baseline and 
end of treatment for either treatment, or between campuses and the 
diet treatments (Table 6). This study did not confirm the findings 
of West et al. [26] in dyslipidemia, but does confirm the findings of 
Sheridan et al. in hypercholesterolemia, Wang, et al. in metabolic 
syndrome, and Sauder, et al. in type 2 diabetes [9,15,27]. Body 
weight and body composition values did not change over the 10-
week period in both the Tanita Bioelectrical Impendence Analyses 
(BIA) (Table 6) and the iDXA analyses (Table 7). Gulati, et al. 
[16] had similar results in subjects with metabolic syndrome. An 
almond mastication study, found that the lower number of mastica-
tion chews, resulted in limited lipid bioavailability and higher fe-
cal energy loss [34].  Even though our participants consumed more 
calories (about 210 kcals per day) during the pistachio treatment, 
they did not gain weight or change body composition. It is possible 
that the discrepancy measured energy value of pistachios in the 
human diet might be due to the pistachio lipids being poorly ab-
sorbed [35]. This study indicated a 5% inaccuracy in the Atwater 
calculations, which would have been 80.5 kcals less per day. How-
ever, during the pistachio treatment, the average increase of calo-
ries in the female participants was 210 kcals per day, which would 
still register about 130 extra kcals per day with the correction. 
Therefore, there must be other additional reasons or a combina-
tion of reasons why the consumed pistachios did not contribute to 

participant weight gain.  It is possible that the participants did not 
chew the nuts thoroughly, and this was the reason why body com-
position and weight did not change. It is also possible that our par-
ticipants did not actually consume the nuts, but reported that they 
had consumed them or possibly changed their exercise patterns. 

Treatment Diet by Visit
Body Com-

position 
Factor1

Pistachio 
Baseline2

Pistachio 
End2

Control 
Baseline2

Control 
End2 P value

BMI 21.9 
(0.06)

21.9 
(0.07)

21.9 
(0.07)

21.9 
(0.07) 0.9270

Weight 
(Kg)

59.6 
(0.26)

59.4 
(0.26)

59.1 
(0.26)

59.0 
(0.26) 0.8485

WC3 71.9 
(0.14)

72.1 
(0.14)

72.4 
(0.14)

72.1 
(0.14) 0.3946

% Body 
Fat4

24.5 
(0.25)

25.3 
(0.26)

24.2 
(0.26)

25.0 
(0.26) 0.9658

Systolic BP 106 
(1.72)

105 
(1.77)

107 
(1.75)

104 
(1.77) 0.6099

Diastolic 
BP

67.0 
(0.89)

66.1 
(0.91)

69.1 
(0.90)

65.3 
(0.91) 0.1085

1 Mixed Effects Model
2Least Square Mean (Standard Error of The Mean)
3Waist Circumference
4Tanita BIA

Table 6: Body Composition and Blood Pressure (BP) at Baseline and End 
of Treatment at Both Universities.
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Treatment Diets by Visit
Body composition 

factor1,2 Pistachio Baseline2 Pistachio End2 Control Baseline2 Control End2 P value

Region Fat (%) 30.2 (0.28) 30.2 (0.29) 30.0 (0.29) 30.0 (0.30) 0.9053
Fat Mass (kg) 13.7 (0.45) 13.7 (0.46) 17.1 (0.47) 17.1 (0.49) 0.9729

Lean Mass (kg) 17.2 (0.32) 17.1 (0.34) 37.3 (0.34) 37.4 (0.35) 0.7528
Fat Free Mass(kg) 37.2 (0.32) 37.1 (0.33) 39.4 (0.34) 39.6 (0.35) 0.7511
Android (% fat) 28.0 (0.44) 27.9 (0.46) 27.8 (0.49) 27.5 (0.48) 0.7663
Gynoid (% fat) 36.7 (0.31) 36.3 (0.32) 36.2 (0.33) 36.0 (0.34) 0.7436

A/G ratio 0.77 (0.01) 0.77 (0.01) 0.77 (0.01) 0.76 (0.01) 0.3920
1Mixed Effects Model; Least Square Mean (Standard Error of The Mean)
2Only Measured at University 1 (N=25)

Table 7: Body Composition Using iDXA Analysis at Baseline and End of Diet Treatment.

Micronutrient (Fe and Zn) Status 
There were no significant differences between baseline and 

end diet treatment for serum iron or zinc and no significant differenc-
es between campuses for serum iron, or between the pistachio and 
non-pistachio (control) treatments for either iron or zinc (Table 8). 

Pistachios contain soluble and insoluble fiber, which might 
interfere with micronutrient absorption, so there was a concern 
that in providing 20% kcals as pistachios, micronutrient absorp-
tion may be compromised. Since pistachios contain iron and zinc 
and both minerals increased in the diet in both treatments and 
were not significantly different between treatments; this increase 
may demonstrate that the fiber in pistachios did not interfere with 
absorption of dietary iron or zinc. More research (including fecal 
studies) and studies of longer duration are needed to determine if 
pistachios enhance absorption or do not interfere with iron or zinc 
absorption.

Diets by Visit

Factor1
Pista-
chio 

Baseline

Pistachio 
End

Control 
Baseline

Control 
End P value

Iron (µg/dl) 98.5 
(5.95)

106 
(6.30)

108 
(5.95)

112 
(6.02) 0.7985

Zinc (µg/
dl)2

81.0 
(1.94)

84.6 
(2.11)

79.1 
(2.16)

85.8 
(2.00) 0.4500

1Mixed effects model; Least square mean (standard error of the mean)
2Only tested at University 1 (n=25)

Table 8: Micronutrient Status at Baseline and End of Diet Treatment.

Conclusion
Inclusion of 20% of kcals as pistachios in the diet does not 

contribute to weight gain, or body fat changes, blood lipids, BP, 
does not interfere with absorption of dietary iron or zinc, and sig-
nificantly improves dietary nutrient intake. Therefore, we fail to 
reject the null hypotheses for changes in body composition, blood 
lipids, BP, dietary iron and zinc. However, we reject the null hy-
pothesis for dietary nutrient intake, since dietary nutrient intake 
significantly improved in the pistachio treatment

More research is needed to determine why the higher caloric 
levels in the pistachio treatment (p=0.0012) did not result in in-
creased body fat or body composition changes.

Declarations

Ethics approval and consent to participate: The Institutional 
Review Boards at both universities, California Polytechnic State 
University, San Luis Obispo (#13-052) and California State Poly-
technic University, Pomona (#12-139) approved all procedures in-
volving human participants. Written and signed informed consent 
was obtained from all participants prior to beginning the study and 
prior to filling out the screening questionnaire. Availability of data 
and materials: ClinicalTrials.gov #NCT02849392

Acknowledgements

We are grateful to our study personnel Cecelia Barriga, An-
drew Grover, Lauren Hays M.S., Kaitlyn Sampson, and Paige Liv-
ingston for all of their help on the day-to-day contact with partici-
pants, laboratory measurements and sample processing. We would 
also like to thank Dr. Gour Choudhury (University 1) for his sup-



Citation: Burns-Whitmore B, Bushnell AH, Towne AH, Roy S, Hall LM (2017) Pistachio Consumption at 20% of Energy Does Not Significantly Change Body Composi-
tion, Blood Pressure or Blood Lipids but Improves Diet Quality in Free-Living, Healthy College-Aged Women. Food Nutr J 2: 130. DOI: 10.29011/2575-7091.100030

10 Volume 2; Issue 02

port, and to the participants for their time, enthusiasm, and will-
ingness to be in the study. Additional thanks to Holly M. Greene, 
M.S., Huntley College of Agriculture (University 2) for table and 
manuscript editing.  Funding: American Pistachio Growers and a 
grant from California State University Agricultural Research In-
stitute

References
United States Department of Agriculture, Agricultural Research Ser-1. 
vice. National Nutrient Database for Standard Reference, Release 28.

Mozaffarian D, Clarke R (2009) Quantitative effects on cardiovascu-2. 
lar risk factors and coronary heart disease risk of replacing partially 
hydrogenated vegetable oils with other fats and oils. Eur J ClinNutr 
63: 22-33.

Egert S, Kratz M, Kannenberg F, Fobker M, Wahrburg U (2011) Effects 3. 
of high-fat and low fat diets rich in monounsaturated fatty acids on 
serum lipids, LDL size and indices of lipid peroxidation in healthy non-
obese men and women when consumed under controlled conditions.  
Eur J Nutr 50: 71-79.

Hollis J, Mattes R (2007) Effect of chronic consumption of almonds on 4. 
body weight in healthy humans. Br J Nutr 98: 651-656.

Sabaté J, Cordero-Macintyre Z, Siapco G, Torabian S, Haddad E 5. 
(2005) Does regular walnut consumption lead to weight gain? Br J 
Nutr 94: 859-864.

Fraser GE, Bennett HW, Jaceldo KB, Sabaté J (2002) Effect on body  6. 
weight of a free 76 Kilojoule (320 calorie) daily supplement of almonds 
for six months. J Am Coll Nutr 21: 275-283.

Gebauer SK, West SG, Kay CD, Alaupovic P, Bagshaw D, et al. 7. 
(2008) Effects of pistachios on cardiovascular disease risk factors 
and potential mechanisms of action: a dose response study. Am J 
ClinNutr88:651-659.

Kay CD, Gebauer SK, West SG, Kris-Etherton PM (2010) Pistachios 8. 
increase serum antioxidants and lower serum oxidized-LDL in hyperc-
holesterolemic adults. J Nutr 140: 1093-1098.

Sheridan MJ, Cooper JN, Erario M, Cheifetz CE (2007) Pistachio nut 9. 
consumption and serum lipid levels. J Am Coll Nutr 26: 141-148.

Edwards K, Kwaw I, Matud J, Kurtz I (1999) Effect of pistachio nuts on 10. 
serum lipid levels in patients with moderate hypercholesterolemia. J 
Am Coll Nutr 18: 229-232.

Holligan SD, West SG, Gebauer SK, Kay CD, Kris-Etherton PM (2014) 11. 
A moderate-fat diet containing pistachios improves emerging markers 
of cardiometabolic syndrome in healthy adults with elevated LDL lev-
els. Br J Nutr 112: 744-752.

Sari I, Baltaci Y, Bagci C, Davutoglu V, Erel O, et al. (2010) Effect of 12. 
pistachio diet on lipid parameters, endothelial function, inflammation, 
and oxidative status: a prospective study. Nutr 26: 399-404.

Kocyigit A, Koylu AA, Keles H (2006) Effects of pistachio nuts con-13. 
sumption on plasma lipid profile and oxidative status in healthy volun-
teers. NutrMetab Cardiovasc Dis 16: 202-209.

Li Z, Song R, Nguyen C, Zerlin A, Karp H, et al. (2010) Pistachio nuts  14. 
reduce triglycerides and body weight by comparison to refined car-
bohydrate snack in obese participants on a 12-week weight loss pro-
gram. J Am Coll Nutr 29: 198-203.

Wang X, Li Z, Liu Y, Lv X, Yang W (2010) Effects of pistachios on body 15. 
weight in Chinese subjects with metabolic syndrome. Nutr J 11: 1-6.

Gulati S, Misra A, Pandey RM, Bhatt SP, Saluja S (2014) Effects of 16. 
pistachio nuts on body composition, metabolic, inflammatory and oxi-
dative stress parameters in Asian Indians with metabolic syndrome: a 
24-wk, randomized control trial. Nutrition 30: 192-197.

Hernández-Alonso P, Giardina S, Salas-Salvadó J, Arcelin P, Bulló M 17. 
(2016) Chronic pistachio intake modulates circulating microRNAs re-
lated to glucose metabolism and insulin resistance in prediabetic sub-
jects. European Journal of Nutrition.

Hernández-Alonso P, Salas-Salvadó J, Baldrich-Mora M, Mallol R, 18. 
Correig X, et al. (2015) Effect of pistachio consumption on plasma 
lipoprotein subclasses in pre-diabetic subjects. NutrMetab Cardiovasc 
Dis 25: 396-402.

Sauder KA, McCrea CE, Ulbrecht JS, Kris-Etherton PM, West SG 19. 
(2015) Effects of pistachios on the lipid/lipoprotein profile, glycemic 
control, inflammation, and endothelial function in type 2 diabetes: A 
randomized trial.Metabolism 64: 1521-1529.

Parham M, Heidari S, Khorramirad A, Hozoori M, Hosseinzadeh F, et  20. 
al. (2014) Effects of pistachio nut supplementation on blood glucose in 
patients with type 2 diabetes: a randomized crossover trial. Rev Diabet 
Stud 11: 190-196.

Hernández-Alonso P, Salas-Salvadó J, Baldrich-Mora M, Juanola-Fal-21. 
garona M, Bulló M (2014) Beneficial effect of pistachio consumption 
on glucose metabolism, insulin resistance, inflammation, and related 
metabolic risk markers: a randomized clinical trial. Diabetes Care 37: 
3098-3105.

Sauder KA, McCrea CE, Ulbrecht JS, Kris-Etherton PM, West SG 22. 
(2015) Effects of pistachios on the lipid/lipoprotein profile, glycemic 
control, inflammation, and endothelial function in type 2 diabetes: A 
randomized trial.Metabolism 64: 1521-1529.

SabatéJ, Fraser GE, Burke K, Knutsen SF, Bennett H, et al.(1993) 23. 
Effects of walnuts on serum lipid levels and blood pressure in normal  
men. N Engl J Med 328:603-607.

Zambón D, Sabaté J, Muñoz S, Campero B, Casals E, et al. (2000) 24. 
Substituting walnuts for monounsaturated fat improves the serum lipid 
profile of hypercholesterolemic men and women. A randomized cross-
over trial. Ann Intern Med 132: 538-546.

Katan MB, Deslypere JP, van Birgelen AP, Penders M, Zegwaard M 25. 
(1997) Kinetics of the incorporation of dietary fatty acids into serum 
cholesterol esters, erythrocyte membranes, and adipose tissue: an 18-
month controlled study. J Lipid Res 38: 2012-2022.

West SG, Gebauer SK, Kay CD, Bagshaw DM, Savastano DM, et al.  26. 
(2012) Diets containing pistachios reduce systolic blood pressure and 
peripheral vascular responses to stress in adults with dyslipidemia. 
Hypertension 60: 58-63.

Sauder KA, McCrea CE, Ulbrecht JS, Kris-Etherton PM, West S 27. 
(2014) Pistachio nut consumption modifies systemic hemodynamics, 
increases heart rate variability, and reduces ambulatory blood pres-
sure in well-controlled type 2 diabetes: a randomized trial. J Am Heart 
Assoc 3: 873.

Burns-Whitmore B, Haddad E, Sabaté J, Rajaram S (2014) Effects of  28. 
supplementing n-3 fatty acid enriched eggs and walnuts on cardiovas-
cular disease risk markers in healthy free-living lacto-ovo-vegetarians: 
a randomized, crossover, free-living intervention study. Nutr J 13: 29.

https://www.ncbi.nlm.nih.gov/pubmed/19424216
https://www.ncbi.nlm.nih.gov/pubmed/19424216
https://www.ncbi.nlm.nih.gov/pubmed/19424216
https://www.ncbi.nlm.nih.gov/pubmed/19424216
https://www.ncbi.nlm.nih.gov/pubmed/20521076
https://www.ncbi.nlm.nih.gov/pubmed/20521076
https://www.ncbi.nlm.nih.gov/pubmed/20521076
https://www.ncbi.nlm.nih.gov/pubmed/20521076
https://www.ncbi.nlm.nih.gov/pubmed/20521076
https://www.ncbi.nlm.nih.gov/pubmed/17445351
https://www.ncbi.nlm.nih.gov/pubmed/17445351
https://www.ncbi.nlm.nih.gov/pubmed/16277792
https://www.ncbi.nlm.nih.gov/pubmed/16277792
https://www.ncbi.nlm.nih.gov/pubmed/16277792
https://www.ncbi.nlm.nih.gov/pubmed/12074256
https://www.ncbi.nlm.nih.gov/pubmed/12074256
https://www.ncbi.nlm.nih.gov/pubmed/12074256
https://www.ncbi.nlm.nih.gov/pubmed/18779280
https://www.ncbi.nlm.nih.gov/pubmed/18779280
https://www.ncbi.nlm.nih.gov/pubmed/18779280
https://www.ncbi.nlm.nih.gov/pubmed/18779280
https://www.ncbi.nlm.nih.gov/pubmed/20357077
https://www.ncbi.nlm.nih.gov/pubmed/20357077
https://www.ncbi.nlm.nih.gov/pubmed/20357077
https://www.ncbi.nlm.nih.gov/pubmed/17536125
https://www.ncbi.nlm.nih.gov/pubmed/17536125
https://www.ncbi.nlm.nih.gov/pubmed/10376778
https://www.ncbi.nlm.nih.gov/pubmed/10376778
https://www.ncbi.nlm.nih.gov/pubmed/10376778
https://www.ncbi.nlm.nih.gov/pubmed/25008473
https://www.ncbi.nlm.nih.gov/pubmed/25008473
https://www.ncbi.nlm.nih.gov/pubmed/25008473
https://www.ncbi.nlm.nih.gov/pubmed/25008473
https://www.ncbi.nlm.nih.gov/pubmed/19647416
https://www.ncbi.nlm.nih.gov/pubmed/19647416
https://www.ncbi.nlm.nih.gov/pubmed/19647416
https://www.ncbi.nlm.nih.gov/pubmed/16580587
https://www.ncbi.nlm.nih.gov/pubmed/16580587
https://www.ncbi.nlm.nih.gov/pubmed/16580587
https://www.ncbi.nlm.nih.gov/pubmed/20833992
https://www.ncbi.nlm.nih.gov/pubmed/20833992
https://www.ncbi.nlm.nih.gov/pubmed/20833992
https://www.ncbi.nlm.nih.gov/pubmed/20833992
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3383470/pdf/1475-2891-11-20.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3383470/pdf/1475-2891-11-20.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24377454
https://www.ncbi.nlm.nih.gov/pubmed/24377454
https://www.ncbi.nlm.nih.gov/pubmed/24377454
https://www.ncbi.nlm.nih.gov/pubmed/24377454
https://link.springer.com/article/10.1007%2Fs00394-016-1262-5
https://link.springer.com/article/10.1007%2Fs00394-016-1262-5
https://link.springer.com/article/10.1007%2Fs00394-016-1262-5
https://link.springer.com/article/10.1007%2Fs00394-016-1262-5
https://www.ncbi.nlm.nih.gov/pubmed/25791863
https://www.ncbi.nlm.nih.gov/pubmed/25791863
https://www.ncbi.nlm.nih.gov/pubmed/25791863
https://www.ncbi.nlm.nih.gov/pubmed/25791863
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/25396407
https://www.ncbi.nlm.nih.gov/pubmed/25396407
https://www.ncbi.nlm.nih.gov/pubmed/25396407
https://www.ncbi.nlm.nih.gov/pubmed/25396407
https://www.ncbi.nlm.nih.gov/pubmed/25125505
https://www.ncbi.nlm.nih.gov/pubmed/25125505
https://www.ncbi.nlm.nih.gov/pubmed/25125505
https://www.ncbi.nlm.nih.gov/pubmed/25125505
https://www.ncbi.nlm.nih.gov/pubmed/25125505
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/26383493
https://www.ncbi.nlm.nih.gov/pubmed/26383493
http://www.nejm.org/doi/full/10.1056/NEJM199303043280902#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199303043280902#t=article
http://www.nejm.org/doi/full/10.1056/NEJM199303043280902#t=article
https://www.ncbi.nlm.nih.gov/pubmed/10744590
https://www.ncbi.nlm.nih.gov/pubmed/10744590
https://www.ncbi.nlm.nih.gov/pubmed/10744590
https://www.ncbi.nlm.nih.gov/pubmed/10744590
https://www.ncbi.nlm.nih.gov/pubmed/9374124
https://www.ncbi.nlm.nih.gov/pubmed/9374124
https://www.ncbi.nlm.nih.gov/pubmed/9374124
https://www.ncbi.nlm.nih.gov/pubmed/9374124
https://www.ncbi.nlm.nih.gov/pubmed/22665124
https://www.ncbi.nlm.nih.gov/pubmed/22665124
https://www.ncbi.nlm.nih.gov/pubmed/22665124
https://www.ncbi.nlm.nih.gov/pubmed/22665124
https://www.ncbi.nlm.nih.gov/pubmed/24980134
https://www.ncbi.nlm.nih.gov/pubmed/24980134
https://www.ncbi.nlm.nih.gov/pubmed/24980134
https://www.ncbi.nlm.nih.gov/pubmed/24980134
https://www.ncbi.nlm.nih.gov/pubmed/24980134
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-29
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-29
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-29
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-29


Citation: Burns-Whitmore B, Bushnell AH, Towne AH, Roy S, Hall LM (2017) Pistachio Consumption at 20% of Energy Does Not Significantly Change Body Composi-
tion, Blood Pressure or Blood Lipids but Improves Diet Quality in Free-Living, Healthy College-Aged Women. Food Nutr J 2: 130. DOI: 10.29011/2575-7091.100030

11 Volume 2; Issue 02

Sabáte J, Haddad E, Tanzman JS, Jambazian P, Rajaram S (2003) 29. 
Serum lipid response to the graduate enrichment of a Step I diet with  
almonds: a randomized feeding trial. Am J ClinNutr 77: 1379-1384.

Njeh CF, Fuerst T, Hans D, Blake GM, Genant HK (1999) Radiation 30. 
exposure in bone mineral density assessment. ApplRadiatIsot 50: 
215-236.

CDC Website. National Center for Health Statistics.31. 

Mayo Clinic Website. Diseases and conditions. High Blood Pressure 32. 
(hypertension).

Rajaram S, Haddad E, Meija A, Sabate J (2009) Walnuts and fatty fish 33. 
influence different serum lipid fractions in normal to mildly hyperlipi-
demic individuals: a randomized controlled study. Am J ClinNutr 89: 
1657-1663.

Grundy MML, Grassby T, Mandalari G, Waldron KW, Butterworth PJ, 34. 
et al. (2014) Effect of mastication on lipid bioaccessibility of almonds in 
a randomized human study and its implications for digestion kinetics, 
metabolizable energy, and postprandial lipemia. Am J of ClinNutr: 1-9.

David J. Baer, Sarah K. Gebauer and Janet A (2012) Novotny: Measured 35. 
energy value of pistachios in the human diet. Br J of Nutr 107: 120-125.

https://www.ncbi.nlm.nih.gov/pubmed/12791613
https://www.ncbi.nlm.nih.gov/pubmed/12791613
https://www.ncbi.nlm.nih.gov/pubmed/12791613
https://www.ncbi.nlm.nih.gov/pubmed/10028639
https://www.ncbi.nlm.nih.gov/pubmed/10028639
https://www.ncbi.nlm.nih.gov/pubmed/10028639
https://www.ncbi.nlm.nih.gov/pubmed/19339404
https://www.ncbi.nlm.nih.gov/pubmed/19339404
https://www.ncbi.nlm.nih.gov/pubmed/19339404
https://www.ncbi.nlm.nih.gov/pubmed/19339404
http://ajcn.nutrition.org/content/early/2014/11/12/ajcn.114.088328.full.pdf+html
http://ajcn.nutrition.org/content/early/2014/11/12/ajcn.114.088328.full.pdf+html
http://ajcn.nutrition.org/content/early/2014/11/12/ajcn.114.088328.full.pdf+html
http://ajcn.nutrition.org/content/early/2014/11/12/ajcn.114.088328.full.pdf+html
https://www.ncbi.nlm.nih.gov/pubmed/21733319
https://www.ncbi.nlm.nih.gov/pubmed/21733319

