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■ Abstract 
BACKGROUND: Diabetes is a chronic, potentially debilitat-
ing, and often fatal disease. Dietary strategies to reduce 
postprandial glycemia are important in the prevention and 
treatment of diabetes. Nuts are rich in mono- and polyun-
saturated fatty acids, which may reduce hyperglycemia and 
improve metabolism. OBJECTIVES: To evaluate the effec-
tiveness of pistachio nut supplementation on glycemic and 
inflammatory measures in patients with type 2 diabetes. 
METHODS: In this double-blind, randomized, placebo-
controlled, crossover trial, 48 diabetic patients were equally 
assigned to groups A and B. Patients in group A received a 
snack of 25 g pistachio nuts twice a day for 12 weeks and 
group B received a control meal without nuts. After 12 
weeks of intervention, the patients had an 8-week washout. 
Then the groups were displaced, and group B received the 
same amount of pistachios for 12 weeks. RESULTS: With 
respect to the total change in variables over both phases, 
there was a marked decrease in HbA1c (-0.4%) and fasting 

blood glucose (FBG) concentrations (-16 mg/dl) in the pis-
tachio group compared with the control group (p ≤ 0.001 for 
both). There was no overall significant change in BMI, blood 
pressure, HOMA-IR, and C-reactive protein (CRP) concen-
trations. Analysis of the two phases separately showed a de-
crease in FBG by 14 mg/dl and in HbA1c by 0.45% in the 
treatment group (A) after 12 weeks, while no significant dif-
ferences were seen in group B (control group). In the sec-
ond phase, FBG decreased from 151.36 ± 39.22 to 137.28 ± 
28.65 mg/dl (-14 mg/dl) and HbA1c decreased from 7.42 ± 
0.97 to 7.15 ± 0.68 mg/dl (-0.28%, p = 0.013 and p = 0.033, re-
spectively) in the pistachio group (B). Pistachio consump-
tion reduced systolic blood pressure (p = 0.007), BMI (p = 
0.011), and CRP (p = 0.002) in patients from the treatment 
groups, but not insulin resistance. CONCLUSIONS: Die-
tary consumption of pistachio nuts as a snack has beneficial 
effects on glycemic control, blood pressure, obesity, and in-
flammation markers in diabetic patients. 
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1. Introduction 
 

 iet is an important factor in controlling dia- 
 betes. The incidence of insulin resistance and 
 therefore diabetes is lowered with diets 

higher in monounsaturated fats and lower in satu-
rated fats. Also, monounsaturated fatty acids are 
supposed to reduce inflammation [1], and monoun-
saturated fatty acids may reduce adiposity [2]. 

Conflicting evidence exists on the role of polyun-
saturated fatty acids in diabetes. 

Nuts are rich in mono- and polyunsaturated 
fats (70-80%) [3], which are essential for a healthy 
diet. The consumption of nuts has been shown to 
reduce the risk of type 2 diabetes by 27% [4]. Pis-
tachio (Pistacia vera L.) is a member of the Ana-
cardiaceae family, which is native to arid zones of 
Central and West Asia, and distributed through-
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out the Mediterranean basin [5]. Pistachio nuts 
are mainly consumed as a snack; they are consid-
ered as a rich source of phenolic compounds, which 
have recently been ranked among the first 50 food 
resources with antioxidant activity [6]. Nuts are 
sources of unsaturated fats that alter the phos-
pholipids in cell membranes, vitamins, minerals, 
fiber, magnesium, and selenium, all of which can 
improve insulin sensitivity and glucose homeosta-
sis [7-9]. Also, nuts may reduce blood pressure 
(BP) and peripheral vascular resistance [10]. In 
particular, pistachios can improve lipid profiles in 
subjects with moderate hypercholesterolemia [11]. 

Randomized clinical trials found that patients 
consuming a pistachio-supplemented diet show 
significantly decreased postprandial glycemia, in-
sulin, fasting glucose, and HOMA-IR, and in-
creased GLP-1 [12, 13]. Based on these considera-
tions, nuts may potentially improve glycemic con-
trol and reduce inflammatory factors in diabetic 
patients. However, there is little evidence for the 
efficacy of pistachio on glycemic control of diabetic 
patients [12-14]. Therefore, this study was de-
signed to investigate the effectiveness of pistachio 
consumption on blood glucose of type 2 diabetic pa-
tients in a crossover clinical trial. 

2. Methods 

2.1. Subjects 

This was a single-blind, randomized, case-
control, crossover clinical trial, carried out in Sha-
hid Beheshti Hospital of Qom, Iran, in the period 
between February 2012 and March 2013. The Eth-
ics Committee of Qom University of Medical Sci-
ences approved the study protocol. Forty-eight pa-
tients with type 2 diabetes met the inclusion crite-
ria, and were enrolled in the study after obtaining 
written informed consent. Inclusion criteria were 
as follows: diabetes duration for at least one year, 
treatment with oral hypoglycemic agents, and se-
rum creatinine levels and liver function tests 
within the normal range. Exclusion criteria in-
cluded multivitamin supplementation consump-
tion within one month prior to study start, preg-
nancy or pregnancy planning, and heart failure 
based on clinical examination. 

After enrollment, demographic data were re-
corded, and the patients were asked not to alter 
their previous diet and physical activity during the 
study. Then, patients were examined and blood 
pressure (BP) was measured. Patients rested in 
the sitting position for at least five minutes before 
BP measurement, which was done twice at ten- 

 
minute intervals [15]. BP was measured in both 
arms using a mercury sphygmomanometer; the 
higher value was recorded [16]. 

Body mass index (BMI) was calculated by using 
the metric BMI formula (kg/m2) [17]. On the next 
day, fasting blood was obtained to measure fasting 
plasma glucose, liver function tests including se-
rum AST and ALT, serum creatinine, C-reactive 
protein (CRP), and insulin level. Patients with 
normal creatinine and liver function tests were in-
cluded in the study. 

After the determination of clinical parameters, 
the patients were visited by a nutritionist and en-
docrinologist, and subsequently referred to a third 
person for randomization. We used block randomi-
zation to randomly assign participants to groups. 
A block was defined as an elementary group from 
which participants were further assigned to study 
groups A and B. In this procedure, we acted as fol-
lows: 

 
- We set up 6 blocks. 
- Each block consisted of four different states, 

including two times A and two times B. 
- In general, 4 patients were each assigned to 

a block. 
- Practically, half of the patients within each 

block went to group A, and the other half to 
group B. 

- The patients were partitioned randomly from 
the blocks using random numbers. 

 
The order of patients was random. Therefore, 

there were 6 possible ways to equally assign par-
ticipants to a block. The next step was to select pa-
tients randomly amongst the 12 blocks consisting 
of four participants each, and assign them to group 

Abbreviations: 
 

ALT – alanine aminotransferase 
AST – aspartate aminotransferase 
BMI – body mass index 
BP – blood pressure 
CI – confidence interval 
CV – coefficient of variation 
CRP – C-reactive protein 
FBG – fasting blood glucose 
GLP-1 – glucagons-like peptide-1 
HbA1c – glycosylated hemoglobin A1 
HOMA-IR – homeostasis model assessment 
of insulin resistance 
IL – interleukin 
mmHg – millimeters of mercury 
OGTT – oral glucose tolerance test 
SPSS – Statistics Package for Social Sciences 
TNF – tumor necrosis factor 
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A or B. The allocation of patients to groups was 
performed using random numbers for the partici-
pants. 

The patients in group A received 2 snacks of 25 
g pistachios per day for 12 weeks beside consum-
ing morning and evening servings (case group). 
The patients in group B received their previous 
diet without pistachios and routine physical activ-
ity during 12 weeks (control group). In this way, 
half of the patients (group A) received 50 g pista-
chios, and the other half (group B) did not receive 
pistachios. Four weeks after initiation, patients 
were visited and their degree of compliance was 
determined. After 12 weeks, at the end of the first 
phase of the study, all laboratory tests and clinical 
evaluations were repeated, as in the initial visit. 

The second phase of the study was started after 
an 8-week wash-out period. In this phase, the 
groups were crossed over, so that the patients in 
group B received 50 g pistachio per day, and those 
in group A acted as controls. Then, the protocol 
was repeated as in the first phase. Four patients 
withdrew from the study (one 
in group A and three in group 
B). Two patients started insu-
lin therapy (one in each 
group), and were excluded 
from the study. Two patients 
were withdrawn because of 
poor compliance with the 
study protocol. Overall, 44 pa-
tients completed the study (23 
in group A and 21 in group B). 
The study protocol is dis-
played in Figure 1. 

2.2. Biochemical 
analysis 

After 12 hours of 
fasting, blood samples 
were collected from all 
patients at 8 am. The 
blood samples were 
stored at -70°C in Sha-
hid Beheshti Hospital of 
Qom’s laboratory and 
assayed at the end of 
the study. Fasting 
plasma glucose was 
measured by the enzy-
matic method; the in-
tra- and inter-assay co-
efficients of variation 
(CV) were 1.5% and 
0.91%, respectively. 

HbA1c was measured by chromatography, with in-
tra- and inter-assay CV of 5.8% and 6.7%, respec-
tively. Serum insulin was assessed by ELISA (Dia-
Metra Co, Italy). The HOMA-IR value was calcu-
lated by multiplication of the fasting glucose value 
(mg/dl) by the serum insulin value (µIU/ml) in 
each person divided by 405 [18]. 

2.3. Statistical analysis 
At first, the Kolmogorov-Smirnov test was per-

formed to assess normality of the variables. Blood 
pressure, HOMA-IR, and CRP were not normally 
distributed. Therefore, they were log-transformed. 
The paired t-test was used to compare the data be-
tween the pistachio and control group. Chi-square 
test was used to compare qualitative variables. 
Data are presented as mean ± SD for normally dis-
tributed variables and median (25th, 75th percentile) 
for non-normal data (BP, HOMA-IR, and CRP). P-
values less than 0.05 were considered statistically 
significant. The statistical analysis was performed 
by SPSS version 17.0. 

Enrollment Blood collection

2 wk 12 wk 8 wk 12 wk

Control Control

Pistachio Pistachio

Run-in

No nuts or 
dietary supplements

Wash-out

No nuts or 
dietary supplements

Randomization Crossover

Group A
Group B

 
 
Figure 1. Flow chart of study protocol 
 

 
Table 1. Demographic characteristics of the two groups of type 2 diabetic patients 

 

p Group B Group A Demographic characteristic 

  5(23.8)   6(26.1) Male 0.862 
16(76.2) 17(73.9) Female 

Gender 

16(76.1) 20(86.9) Married 0.465 
  5(23.9)   3(13.1) Single or divorced 

Marital status 

  9(42.9)   5(21.7) Illiterate 
  9(42.9) 14(60.9) Primary school 

0.504 

  3(14.3)   4(17.4) Diploma 

Education 

 

Legend: Data are number (percent). 
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3. Results 
Forty-eight diabetic patients met the inclusion 

criteria and were enrolled in the study. Overall, 44 
patients completed the study. The demographic 
data and comparisons of the metabolic profiles are 
summarized in Tables 1 and 2. There was no sig-
nificant difference between the two groups at base-
line. 

3.1 Total effects over both phases 
At first, we calculated the overall effect of pis-

tachio supplementation on study end-points. We 
compared the average changes in glycemic and 
other variables over both phases, and found that 
subjects randomized to pistachio showed a marked 
decrease in their HbA1c (-0.4%) and FBG (-16 
mg/dl) concentrations (Table 3). Also, there was a 
trend towards a decrease in BMI. Blood pressure, 
HOMA-IR, and CRP concentrations showed no 
significant changes. 

3.2. Effects in the first and second phase sepa-
rately 

In the first phase, pistachio nuts were given to 
patients in group A; group B received a control 
diet. At the end of phase 1, FBG and HbA1c values 
were decreased significantly in group A (p < 
0.005), while there was no significant change in 
group B (Table 4). At the end of the wash-out pe-
riod, mean FBG in group A had increased again 
(150.78 ± 43.69 mg/dl) to almost baseline level 
(154.17 ± 38.5 mg/dl). This increase was signifi-
cantly different from FBG concentrations observed 
directly after the first phase (140.21 ± 34.5, p = 

0.03), showing that the an-
tiglycemic effect of pistachios 
was present during supple-
mentation only (Tables 4 and 
5). The beneficial effect was 
more prolonged for HbA1c 
values, which were signifi-
cantly reduced after the first 
phase (-0.45%, p < 0.001), and 
reduced again at the end of 
the wash-out period, albeit 
slightly (-0.06%). At the end 
of the second phase, FBG and 
HbA1c levels in group B had 
decreased on pistachio con-
sumption similar to phase 1 
in group A. FBG and HbA1c 
values in the control group 
increased after 12 weeks, but 

the increase was not statistically significant (Ta-
ble 5). This increase in phase 2 represents the 
persistent return to normal glycemic values even 
after wash-out, and may be a result of the pro-
longed antidiabetic effect of pistachio consumption. 

In the first phase, the BMI in group-A patients 
decreased significantly (p = 0.011, 95% CI: 0.22-
1.54). Patients in group B, who did not receive the 
pistachios, showed no change in BMI (Table 4). In 
the second phase, mean BMI decreased signifi-
cantly in group-B patients, who received pistachios 
(p = 0.015, 95% CI: 0.13-1.13), while no difference 
in BMI values was found in group A, which acted 
as control group (Table 5). As for glycemic pa-
rameters, the positive effect of pistachio consump-
tion on BMI also seems to be preserved beyond the 
wash-out period of 8 weeks, as (after the reduction 
of 0.88 kg/m2 in phase 1) another reduction was 
seen in group-A patients, who did not receive pis-
tachio supplementation in phase 2 (-0.37 kg/m2), 
although there was an increase during the wash-
out period. 

In both groups, systolic blood pressure de-
creased during pistachio consumption (group A: p 
= 0.007; group B in the second phase: p = 0.001). 
There was no significant effect on diastolic blood 
pressure (Tables 4 and 5). In the phase-2 but not 
phase-1 control group, the variation in systolic 
blood pressure was statistically significant (p = 
0.044) (Tables 4 and 5). This points again to a sus-
tained effect of pistachio consumption, indicating 
that the wash-out period may have been too short. 

The effects of pistachio consumption on insulin 
resistance and CRP were inconclusive. While the 
reductions were significant in the treatment 
groups (except for HOMA-IR), patients in the 

Table 2. Baseline demographic characteristics and biochemical and clinical characteris-
tics of the two groups of type 2 diabetic patients 
 

Characteristic Group A 
 

(n=23) 
Group B 

 

(n=21) 
p 

Age (yr) 53 ± 10 50 ± 11 0.478 
Diabetes duration (yr) 6.6 ± 5.7 7.7 ± 4.7 0.221 
BMI (kg/m2) 32.16 ± 6.58 30.24 ± 4.03 0.099 
Systolic BP (mmHg) 130 (120, 140) 130 (110, 140) 0.350 
Diastolic BP (mmHg) 80 (80, 80) 80 (70, 80) 0.100 
FBS (mg/dl) 145.25 ± 35.34 154.17 ± 38.5 0.539 
HbA1C (mg/dl) 7.46 ± 1.00 8.18 ± 1.7 0.092 
HOMA-IR 1.4 (0.2, 3.0) 1.7 (0.5, 3.1) 0.830 
CRP (mg/dl) 2.0 (1.4, 3.7) 2.6 (1.5, 5.7) 0.190 

 

Legend: Data are mean ± SD (for the normally distributed variables) or median (25th, 75th 
percentile) for the variables not distributed normally. Abbreviations: BMI – body mass in-
dex; BP – blood pressure; FBS – fasting blood sugar; HbA1c – glycosylated hemoglobin; 
HOMA-IR – homeostasis model assessment of insulin resistance; CRP – C-reactive protein. 
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phase-2 control group also showed significant re-
ductions in CRP concentrations (p = 0.023) (Ta-
bles 4 and 5). In analogy to the effect on systolic 
blood pressure, pistachio consumption also showed 
a prolonged effect on CRP throughout the wash-
out period and across the study phases. The effect 
seems to be sustainable over a long period even af-
ter discontinuation of pistachio supplementation. 

4. Discussion 

Diabetes mellitus is a chronic disease that af-
fects about 5-10% of the world population [4, 19]. 
Diet and weight control are the basic principles in 
the treatment of type 2 diabetes. Nuts contain 
magnesium and monounsaturated and polyun-
saturated fats, which are supposed to improve in-
sulin sensitivity, carbohydrate metabolism, and 
insulin homeostasis [20]. In a study investigating 
the effects of nuts on diabetic patients, Jiang et al. 
showed that the relative risk of developing diabe-
tes was reduced by 
27% in women who 
consumed nuts for 
five or more times 
per week compared 
with those who 
rarely or never ate 
nuts [4]. Other stud-
ies showed that daily 
intake of 30-90 g of 
almonds improved 
the glycemic status 
[21, 22]. However, 
the number of stud-
ies investigating the 
effects of specific 

nuts like pistachios is low. 
Therefore, we designed this 
crossover trial to investigate 
the effect of regularly con-
suming pistachio nuts on 
blood glucose and insulin re-
sistance in patients with type 
2 diabetes. 

In this study, FBG and 
HbA1c decreased signifi-
cantly in patients who con-
sumed pistachio nuts, result-
ing in improved glycemic 
status. The improvements in 
FBG and HbA1c were ob-
served after intervention at 
the end of the treatment 

phases. Also, prolonged antiglycemic effects have 
been observed far beyond the treatment period. 
Our results are in agreement with other studies 
which also observed reductions in FBG after pista-
chio consumption. Wang et al. showed that the 
consumption of 70 g pistachios for 12 weeks im-
proved FBG. This study compared three groups (42 
g pistachios daily, 70 g pistachios, and no pista-
chios). Glucose values 2 h after a 75 g glucose chal-
lenge were significantly lower at week 12 com-
pared with baseline in the first and second group, 
while no significant changes were seen in the third 
group (no pistachios) [11]. The study by Josse et al. 
showed that the consumption of pistachio nuts, 
when consumed in combination with high carbo-
hydrate foods, decreased the absorption of carbo-
hydrate, and lowered postprandial blood glucose 
[21]. 

The effects on systolic blood pressure and CRP 
concentrations showed an analogy to the prolonged 
antiglycemic effect throughout the study phases. 

Table 3. Total effects of pistachio and control diet on study end-points over both phases 
 

Parameters Pistachio Control p 

BMI (kg/m2) -0.76 ± 1.32 -0.26 ± 1.19 0.08 
Systolic BP (mmHg) -10 (-20, 0) 0 (-10, 5) NS 
Diastolic BP (mmHg) 0 (-10, 0) 0 (-10, 10) NS 
FBG (mg/dl) -14 ± 20 2 ± 28 <0.001 
HbA1c (%) -0.36 ± 0.54 0.04 ± 0.60 0.001 
HOMA-IR -0.65 (-1.6, 0.06) -0.47 (-1.34, 0.45) NS 
CRP (mg/dl) -0.55 (-1.43, 0) -0.2 (-0.9, 0.3) NS 

 

Legend: Data are mean ± SD (for the normally distributed variables) or median (25th, 75th 
percentile) for the variables not distributed normally. Abbreviations: BMI – body mass in-
dex; BP – blood pressure; FBS – fasting blood sugar; HbA1c – glycosylated hemoglobin; 
HOMA-IR – homeostasis model assessment of insulin resistance; CRP – C-reactive pro-
tein. 

 

 
Table 4. Comparison of the two groups of type 2 diabetic patients in the first phase 

 

Group B control (n=21) Group A pistachio (n=23) Parameters 

Before After Before After 
BMI (kg/m2) 32.16 ± 6.58 32.00 ± 7.18 30.24 ± 4.03 29.36 ± 3.88* 
Systolic BP (mmHg) 130 (110, 140) 130 (115, 130) 130 (120, 140) 120 (120, 130)* 
Diastolic BP (mmHg) 80 (70, 85) 80 (70, 90) 80 (80, 80) 80 (80, 90) 
FBG (mg/dl) 145.25 ± 35.34 136.25 ± 37.4 154.17 ± 38.5 140.21 ± 34.5* 
HbA1c (mg/dl) 7.46 ± 1.02 7.49 ± 0.80 8.18 ± 1.67 7.73 ± 1.57* 
HOMA-IR 1.7 (05, 3.1) 1.1 (0.5, 1.9) 1.4 (0.2, 3.0) 1.2 (0.7, 1.8) 
CRP (mg/dl) 2.6 (1.5, 5.7) 3.2 (1.4, 5.2) 2.0 (1.4, 3.7) 1.5 (0.7, 2.5)* 

 

Legend: Data are mean ± SD (for the normally distributed variables) or median (25th, 75th percentile) for 
the variables not distributed normally. * p < 0.05. Abbreviations: BMI – body mass index; BP – blood pres-
sure; FBS – fasting blood sugar; HbA1c – glycosylated hemoglobin; HOMA-IR – homeostasis model as-
sessment of insulin resistance; CRP – C-reactive protein. 
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This finding points to sustainable anti-
hypertensive, and anti-inflammatory effects. The 
effect on insulin resistance was inconclusive, with 
similar reductions 
in control subjects. 
This was in stark 
contrast to the ob-
served antiglyce-
mic effect, but may 
be explained by the 
use of HOMA-IR, 
which is an unfea-
sible measure for 
insulin resistance 
in type 2 diabetes 
patients as it is 
sometimes falsely 
low in type 2 dia-
betes patients (see 
limitations below). 

Generally, pis-
tachio nuts have antioxidant properties that may 
contribute to the antiglycemic effects observed in 
this study. These properties may be due to their 
richness in natural phenolic compounds [6], aldo-
hexose inhibition [11], and the presence of magne-
sium (120 mg in 100 g pistachios each) [23, 24]. 
CRP is considered an inflammatory marker, and 
its involvement in insulin resistance has been 
proven [25, 26]. Our study provides evidence on 
the relationship between the specific consumption 
of pistachio nuts and beneficial CRP effects, which 
has not been found before. 

In agreement with our study, Li et al. found 
that daily consumption of pistachios significantly 
reduced BMI in postmenopausal women with pre-
diabetes or early untreated diabetes. During a 12-
week consumption period, the BMI decreased from 
30.1 ± 0.4 to 28.8 ± 0.4 [25]. The antiobese effect of 
pistachio consumption may be attributed to sev-
eral properties of pistachio nuts, including starch 
blockage, inhibition of appetite and fat absorption, 
low energy density, and inhibition of enzymatic ac-
tivity of amylase and α-glucosidase [27-29]. There-
fore, based on these properties, pistachios can be 
considered as a beneficial supplement in the 

treatment of diabetes, and they can be taken with-
out the fear of weight gain, which is sometimes 
said to be the case after consumption of nuts [29]. 

5. Limitations 
This study has some limitations. Firstly, the 

wash-out period was only 8 weeks. Since HbA1c is 
a reflection of glycemic control over 12 weeks, it is 
likely that there was an effect on the second phase 
of treatment from diet consumption during the 
first phase. Secondly, glucagon hormone was not 
measured, and OGTT was not performed. The in-
clusion of these measures could have provided a 
more comprehensive picture of the antidiabetic 
properties of pistachio nuts. Another limitation 
was due to the use of HOMA-IR in type 2 diabetes. 
HOMA-IR is falsely low in patients with diabetes 
because these patients cannot secret sufficient in-
sulin in response to insulin resistance. 

6. Conclusion 
In conclusion, based on the antidiabetic, an-

tiobese, and anti-inflammatory properties of pista-
chio nuts, their consumption should be considered 
as a supplement in the diet of type 2 diabetic per-
sons. 
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sure; FBS – fasting blood sugar; HbA1c – glycosylated hemoglobin; HOMA-IR – homeostasis model as-
sessment of insulin resistance; CRP – C-reactive protein. 
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