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Long-term consumption of pistachios could potentially improves glucose homeostasis.

Impaired postprandial glucose, insulin, and glucagon-like peptide-1 (GLP-1) responses

have been reported in gestational diabetes mellitus (GDM) patients. The objective of this

study was to evaluate the acute effects of two isocaloric test meals, 42 g pistachios

and 100 g whole-wheat bread (WWB) on postprandial glucose, insulin, and gut derived

incretin levels in Chinese women with gestational impaired glucose tolerance (GIGT) or

GDM. Expected glucose and insulin responses were observed after WWB consumption.

Isocaloric pistachio intake had minimal effect on blood glucose or insulin. In both GIGT

and GDM patients, significant higher GLP-1 levels were observed at 90 and 120min

after pistachio compared to WWB intake. Significant lower gastric inhibitory polypeptide

(GIP) levels were observed at 30 and 60min in GDM patients or 120min in GIGT

patients after pistachio compared to WWB intake. In summary, isocaloric pistachio intake

induced significantly lower postprandial glucose, insulin and GIP but higher GLP-1 levels

compared to WWB. Our data suggest pistachios are effective alternative to a low-fat,

high-carbohydrate food to improve postprandial glucose, insulin, and GLP-1 response

in women with GDM and GIGT.

Keywords: gestational impaired glucose tolerance, gestational diabetesmellitus, pistachio, bloodGlucose, insulin,

GLP-1, GIP

INTRODUCTION

Gestational diabetes mellitus (GDM) is hyperglycemia with first onset or recognition during
pregnancy (1). The prevalence of GDM has increased worldwide in the past decades (2). According
to the latest diagnostic criteria established by the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) in 2010 (3, 4), the estimated GDMprevalence was at 9.8–25.5%
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worldwide and 9.3–18.9% in China (5). GDM is known to have a
significant impact on the health of both the mother and the baby.

Medical nutrition therapy has been proved to be effective
in GDM management (6). The choice of healthy food is the
key component. Tryggvadottir et al., showed that adhering to a
healthy dietary pattern focusing on seafood, fruits and vegetables,
was associated with reduced risk for GDM and GDM associated
complications compared to westernized diets, especially among
overweight or obese women (7).

Previous epidemiological studies and clinical trials have
suggested the metabolic benefits of nut consumption (8).
Compared to other nuts, pistachios have a balanced nutrition
profile with lower fat [polyunsaturated fatty acids (PUFAs)
and monounsaturated fatty acids (MUFAs)], higher protein,
fiber (both soluble and insoluble), potassium, phytosterols,
γ-tocopherol, vitamin K, and xanthophyll carotenoids (9).
Pistachios are also known for their high antioxidant potential
(10). Recently, the acute effects of adding pistachios to high
carbohydrate foods has been reported and attenuation of
postprandial glucose levels in healthy subjects and subjects with
metabolic diseases was observed (11, 12). In addition, chronic
consumption of pistachios lowered blood glucose levels, LDL-c,
and some inflammatory markers in healthy subjects and subjects
with metabolic syndrome (13–15).

However, no studies have evaluated the effect of pistachio
intake on glucose metabolism in women with GDM. We
therefore conducted the first randomized, controlled, crossover
study in Chinese women with GDM or GIGT to assess the acute
effect of pistachio intake on postprandial glucose, insulin, and
gut derived incretin hormones (GLP-1, GIP) in comparison to
isocaloric high carbohydrate test meal (whole wheat bread).

MATERIALS AND METHODS

Study Design and Procedures
This was a randomized, controlled, crossover study comparing
the acute response of glucose, insulin and GLP-1 and GIP after
consumption of either isocaloric pistachios or high carbohydrate
test meal (whole wheat bread, WWB) in women with GIGT or
GDM. The protocol was reviewed and approved by the Ethics
Committee of Shanghai Sixth People’s Hospital. All subjects
were given written informed consent in accordance with the
Declaration of Helsinki. The study was registered at the Chinese
Clinical Trial Registry (http://www.chictr.org.cn, ChiCTR-IOR-
17011838). Each intervention was followed by 1-week washout
and cross over to the other intervention. Subjects were instructed
to consume their usual diets before either of their test days. All
subjects were instructed to fast at least 12 h overnight before
the test and came in the morning on study days. On the
study day, fasting blood samples were collected from subjects to
determine baseline levels of glucose, insulin, and incretins. After

Abbreviations: DM, Gestational diabetes mellitus; GIGT, gestational impaired

glucose tolerance; GLP-1, Glucagon-like peptide-1; GIP, Gastric inhibitory

polypeptide; WWB, whole wheat bread; IADPSG, International Association of

Diabetes and Pregnancy Study Groups; PUFAs, polyunsaturated fatty acids;

MUFAs, monounsaturated fatty acids; ACOG, American College of Obstetricians

and Gynecologists; AUC, area under the curves.

the collection of fasting blood, participants were provided with
either WWB or pistachios and consumed it within 15min. Blood
samples were collected through the indwelling catheter at 30, 60,
90, and 120min after ingestion of WWB or pistachios (Figure 1).

Study Participants
Chinese women with an age of 23–39 years old, Han race,
singleton pregnancies, and having a gestational age of 24–30
weeks at the time of screening were recruited from the prenatal
care clinic in the Shanghai Jiaotong University Affiliated Sixth
People’s Hospital (Shanghai, China) between June 2016 and
March 2017. All subjects underwent universal screening for GDM
using a standard 50 g glucose tolerance test at 24–30 weeks’
gestation. Plasma glucose concentrations were measured 1 h after
giving 50 g glucose and a value of≥7.8 mmol/L was considered as
a positive screening according to recommendations of the 2013
guidelines of gestational diabetes mellitus published by ACOG
(American College of Obstetricians and Gynecologists). Women
with a positive screening were then proceeded with a 2 h 75 g
oral glucose tolerance test (OGTT) after an 8–12 h overnight
fasting and the results were interpreted according to the Ministry
of Health of the People’s Republic of China, 2011 (16). Women
fulfilled at least one of the following criteria were diagnosedGDM
when fasting glucose ≥5.1 mmol/L, 1 h glucose ≥10 mmol/L
or 2 h glucose ≥8.5 mmol/L during the 2 h 75 g OGTT. The
diagnosis of GIGT was made when subjects were tested positive
with 50-g glucose tolerance test but did not meet the criteria
of GDM.

A total of 73 women (34 with the diagnosis of GDM, 39 with
GIGT) were recruited, of whom 13 did not meet the inclusion
criteria and 1 withdrew from the study. Thirty women with
GIGT and 29 with GDM completed the study. Data from 4 GDM
participants were excluded due to blood hemolysis.

Test Meals
Each test meals provided about 240 kcal of energy: 100 g of
whole wheat bread (2 slices) (Mankattan, Shanghai, China) or 42
grams of pistachios (Maple, packaged, and distributed by Zhuhai,
China, produced in California, USA). The specific nutrients of
test meals are listed in Table 1.

Blood Biochemical Analysis
Serum glucose was measured with a type 7600-020 Automated
Analyzer (Hitachi, Tokyo, Japan). Serum insulin, GIP, and GLP-
1 were measured using the human insulin ELISA kit (Alpco
Diagnostics, Salem, NH, USA), and GLP-1 and GIP ELISA Kits
(EMDMillipore Corporation, Billerica, MA, USA).

Statistical Analysis
All the results were analyzed with SPSS 19.0 software package
(SPSS Inc. Chicago, IL, USA). Data are expressed as mean ±

SEM. Differences in response to test meals (WWB or pistachios)
were analyzed by repeated measures ANOVA for main effects of
time and test food and the time × test food interaction. If the
time×test meal interaction was significant, then paired t-tests
were conducted for each time point. Results were considered
significantly different at P < 0.05. The area under the curves
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FIGURE 1 | Study design.

(AUC) of blood glucose, insulin, GLP-1 and GIP were analyzed
by paired t-test or Wilcoxon rank-sum test when data were
not normally distributed. Asterisks was used to indicate the
significant difference with P < 0.05 or P < 0.01.

The estimated sample size was n = 18. Our sample size
calculation was based on Kendall 2014 (12), who compared acute
effect of 85 g pistachios to 112 g WWB on GLP-1 response in 20
subjects with metabolic disorders in a crossover design study. We
employed the difference of GLP-1 AUC for pistachios and WWB
intake to calculate the effect size of 0.9 assuming 0.5 intra class
correlation. Therefore, 19 subjects was a sufficient sample size to
provide 95% power to detect similar difference. To account for
a 10% attrition and complication during pregnancy, we included
total of 25 GDM and 30 GIGT patients in this study.

RESULTS

Blood Glucose and Insulin
The demographics of GIGT and GDM participants was shown
in Table 2. The response of blood glucose and insulin to two
test meals (pistachio vs. WWB) over 2 h period in both GIGT
and GDM participants are shown in Figures 2, 3. In both the
GIGT and the GDM participants, the baseline blood glucose and
insulin levels were similar between two test meals (Figures 2A,C,
3A,C). In GIGT participants, baseline blood glucose levels were
at 3.77 ± 0.10 mmol/L for pistachio and 3.79 ± 0.08 mmol/L
for WWB. In GDM participants, baseline blood glucose levels
were at 4.16 ± 0.10 mmol/L for pistachio and 4.09 ± 0.11
mmol/L for WWB. In GIGT participants, baseline blood insulin
levels were at 7.44 ± 0.66 mU/L for pistachio and 10.06 ±

2.14 mU/L for WWB. In GDM participants, baseline blood
insulin levels were at 8.34 ± 0.76 mU/L for pistachio and
8.43± 0.68 mU/L for WWB.

In both GIGD and GDM participants, pistachio consumption
did not increase the levels of blood glucose and insulin compared
to baseline, while significant increase of blood glucose and insulin
was observed afterWWB consumption (Figures 2, 3). Compared
to pistachio consumption, blood glucose and insulin levels at 30,

TABLE 1 | The nutrients of whole wheat bread and pistachios.

Test food Energy (kcal) Protein (g) Fat (g) CHO (g) Fiber (g)

WWB (100g) 249 8.3 3.4 41.9 5.0

Pistachios (42 g) 236 8.8 18.9 12.2 4.2

TABLE 2 | Demographics of study participantsa.

GDM (n = 25) GIGT (n = 30)

Age (yrs) 31.4 ± 3.0 30.5 ± 2.7

Gestational weeks (wks) 27.0 ± 0.4 26.0 ± 0.4

Height(m) 1.6 ± 0.1 1.6 ± 0.1

BMI (kg/m2) (Pre-pregnancy) 21.8 ± 3.2 21.3 ± 2.8

Weight gain(kg) (Final-baseline) 5.0 ± 1.9 4.5 ± 1.7

aData are means ± SDs.

60, 90, and 120min postprandial as well as AUCglucose0−120min

and AUCinsulin0−120min were significantly higher after WWB
consumption in bothGIGT andGDMparticipants (Figures 2, 3).

Gut Derived Incretins
Similar to glucose and insulin, baseline gut derived incretin
(GLP-1 and GIP) levels did not differ by test meal assignment
(Figures 4, 5). In GIGT participants, baseline blood GLP-1
levels were at 3.67 ± 0.75 pmol/L for pistachio and 3.50
± 0.79 pmol/L for WWB. In GDM participants, baseline
blood GLP-1 levels were at 4.69 ± 0.49 pmol/L for pistachio
and 4.46 ± 0.50 pmol/L for WWB. In GIGT participants,
baseline blood GIP levels were at 13.91 ± 4.50 pmol/L
for pistachio and 15.33 ± 3.98 pmol/L for WWB. In
GDM participants, baseline blood GIP levels were at 6.63
± 0.74 pmol/L for pistachio and 6.75 ± 0.78 pmol/L
for WWB.

In GIGT participants, test meal related difference of GLP-1
was observed at 60, 90, and 120min postprandial, where GLP-
1 was increased after pistachio but not WWB consumption
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FIGURE 2 | Serum glucose levels and AUC Glucose0−120min in (A,B) GIGT participants (n = 30) and (C) and (D) GDM participants (n = 25) after a single administration

of 100 g whole wheat bread or 42 pistachios. Values are means ± error. Difference was considered significant with **P < 0.01.

FIGURE 3 | Serum insulin levels and AUCInsulin0−120min in (A,B) GIGT participants (n = 30) and (C,D) GDM participants (n = 25) after a single administration of 100 g

whole wheat bread or 42 pistachios. Values are means ± error. Difference was considered significant with **P < 0.01.
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FIGURE 4 | Serum GLP-1 levels and AUC GLP−10−120min in (A,B) GIGT participants (n = 30) and (C,D) GDM participants (n = 25) after a single administration of 100 g

whole wheat bread or 42 pistachios. Values are means ± error. Difference was considered significant with *P < 0.05 and **P < 0.01.

(Figure 4A). In GDM participants, test meal related difference
of GLP-1 was observed at 90 and 120min postprandial, where
GLP-1 was increased after pistachio but decreased after WWB
consumption (Figure 4C).

In both GIGT and GDM participants, blood GIP increased
in response to both test meals (Figures 5A,C). The test
meal-related difference of GIP was observed at 30 and
60min postprandial in GDM participants and 120min
postprandial in GIGT participants, where GIP increase
was significantly higher after WWB compared to pistachio
consumption (Figure 5C).

DISCUSSION

This is the first study evaluating the acute effect of
pistachios on postprandial glucose, insulin, GLP-1 and
GIP in women with GDM or GIGT. Currently, WWB
and nuts are among the recommended snacks in the 2016
dietary guidelines for pregnant women in China (17).
Our results clearly demonstrate that pistachio is a much
more favorable snack than WWB with better glycemic
control associated with lower insulin levels and improved
GLP-1 response.

In both healthy subjects and subjects with metabolic
syndromes, significantly improved postprandial glycemia has
been reported when white bread was consumed with pistachios

compared to white bread alone (11, 12). Hernández-Alonso
et al. has found that long-term incorporation of pistachios
into regular diets improved the glycemic control and other
metabolic markers in prediabetic patients (18). Previous study
showed that acute pistachio intake alone had minimal effects
on blood glucose and insulin levels in subjects of metabolic
syndromes (12). In consistent with previous findings, our data
showed that the serum glucose and insulin levels in both
GIGT and GDM were not changed within 2 h after pistachio
intake while isocaloric WWB led to significant increase of
blood glucose and insulin levels. Previous clinical study also
reported that increase of fat intake with controlled carbohydrate
amount showed a dose dependent reduction of blood glucose
with same insulin doses (19). Kendall et al. also showed that
better postprandial glucose responses in subjects of metabolic
syndromes after pistachio intake compared to white bread intake,
with equal carbohydrate content (12). The low carbohydrate,
and high fat content of the pistachios likely contributed to
the observed differences of postprandial glucose and insulin
responses between pistachio and WWB intake. In addition,
pistachios are high in carotenoids, which may also contribute
to the observed superior postprandial glucose and insulin
responses compared to WWB intake. Previous study reported
the negative association between levels of plasma carotenoids and
the risk for the development of impaired glucose homeostasis
and T2DM (20). Other phytonutrients in pistachios, such as
ellagitannins, can also possibly affect gastrointestinal sugar
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FIGURE 5 | Serum GIP levels and AUC GIP0−120min in (A,B) GIGT participants (n = 30) and (C,D) GDM participants (n = 25) after a single administration of 100 g

whole wheat bread or 42 pistachios. Values are means ± error. Difference was considered significant with *P < 0.05 and **P < 0.01.

absorption and therefore have an impact on postprandial blood
glucose levels (21).

The gut incretin hormones GLP-1 and GIP are released to
lower blood glucose levels after meal consumption. GLP-1 and
GIP also possess strong glucose-dependent insulin regulatory
properties and augment glucose-dependent insulin secretion
after meal consumption (22). This potentiation of insulin
secretion by gut hormones such as GLP-1 after oral glucose
load is crucial for controlling postprandial glucose excursions.
Impaired postprandial GLP-1 response was previously reported
in pregnant women with GDM (23). In subjects with metabolic
syndromes, increased levels of GLP-1 and GIP were also
observed when white bread was consumed with pistachios
compared to white bread alone as well as pistachio alone vs.
white bread with equal amount of carbohydrate, suggesting
the potential insulin-sparing properties of pistachios (12). In
consistent with previous finding, we found that GLP-1 levels,
after consuming pistachios, were significantly higher than after
consuming WWB both in the GIGT and the GDM groups.
The stimulation of GLP-1 release by pistachio intake may be
potentially due to the fat load (24). Postprandial GIP levels,
however, in our study were lower after consuming pistachios
compared to WWB, in both GIGT and GDM subjects. GIP is
known for its adipogenic properties in addition to its incretin
function, and has been implicated in the connection between
high fat diets and the risk of metabolic abnormalities including
insulin resistance and type 2 diabetes (25–27). Increased
postprandial GIP responses have been reported in patients

with type 2 diabetes and recent findings implicate GIP as a
“diabetogenic” hormone (25, 28). Therefore, further investigation
of long-term sustainability of GLP-1 and GIP stimulation
effects of pistachios in GIGT or GDM patients is required to
determine whether the acute effects could be translated to long-
term improvements.

Chronic inflammation is associated metabolic disorders,
including obesity, insulin resistance and diabetes (29). The
long-term benefit of diets high in unsaturated fat and
fruit/vegetable on the inflammatory state in subjects with
metabolic disorders have been widely reported (30). Recent study
showed the pomegranate consumption acutely reduced blood
proinflammatory cytokine MCP1 levels in healthy subjects (31).
Therefore, future study is needed to evaluate the acute effect
of pistachio intake on inflammation as well as other metabolic
risk markers.

According to the 2013 ACOG guidelines, dividing daily
energy intake into three meals and two to three snacks are
recommended for women with GDM for the purpose of reducing
postprandial glucose fluctuations. The WWB is recommended
for pregnant women as a healthy food by Chinese government
dietary guidelines as whole grains can help reduce or retard blood
glucose responses. We have demonstrated that pistachios had an
even lower glycemic response with attenuated insulin response
and improved GLP-1 response in both the GIGT group and
the GDM subjects. Considering the balanced nutrients, pistachio
can be used as a choice for healthy snacks during pregnancy.
Further investigation in randomized control trial on long-term
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consumption of pistachios as well as its the interaction with
overall diets is needed.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Shanghai Jiaotong University Affiliated
Sixth People’s Hospital. The patients/participants

provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

XF and HL performed the study. AC, ZL, and SG designed the
project and prepared the manuscript.

FUNDING

This project was supported by United States Department of
Agriculture and American Pistachio Grower.

REFERENCES

1. Mumtaz M. Gestational diabetes mellitus. Diabetes Care. (2003) 26 (Suppl.

1):S103–5. doi: 10.2337/diacare.26.2007.S103

2. Leng J, Shao P, Zhang C, Tian H, Zhang F, Zhang S, et al. Prevalence of

gestational diabetes mellitus and its risk factors in Chinese pregnant women:

a prospective population-based study in Tianjin, China. PLoS ONE. (2015)

10:e0121029. doi: 10.1371/journal.pone.0121029

3. Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm

P, et al. International association of diabetes and pregnancy study groups

recommendations on the diagnosis and classification of hyperglycemia in

pregnancy. Diabetes Care. (2010) 33:676–82. doi: 10.2337/dc10-0719

4. Weinert LS. International association of diabetes and pregnancy study

groups recommendations on the diagnosis and classification of hyperglycemia

in pregnancy: comment to the International association of diabetes and

pregnancy study groups consensus panel. Diabetes Care. (2010) 33:676–82.

doi: 10.2337/dc10-0544

5. Wei Y, Yang H, Zhu W, Yang H, Li H, Yan J, et al. International association

of diabetes and pregnancy study group criteria is suitable for gestational

diabetes mellitus diagnosis: further evidence from China. Chin Med J.

(2014) 127:3553–6. doi: 10.3760/cma.j.issn.0366-6999.20140898

6. Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC,

et al. The international federation of gynecology and obstetrics (FIGO)

initiative on gestational diabetes mellitus: a pragmatic guide for diagnosis,

management, and care. Int J Gynecol Obstet. (2015) 131:S173–211.

doi: 10.1016/S0020-7292(15)30033-3

7. Tryggvadottir EA, Medek H, Birgisdottir BE, Geirsson RT, Gunnarsdottir

I. Association between healthy maternal dietary pattern and risk

for gestational diabetes mellitus. Eur J Clin Nutr. (2016) 70:237–42.

doi: 10.1038/ejcn.2015.145

8. Ros E. Health benefits of nut consumption. Nutrients. (2010) 2:652–82.

doi: 10.3390/nu2070652

9. Bullo M, Juanola-Falgarona M, Hernandez-Alonso P, Salas-Salvado J.

Nutrition attributes and health effects of pistachio nuts. Br J Nutr. (2015) 113

(Suppl. 2):S79–93. doi: 10.1017/S0007114514003250

10. Halvorsen BL, CarlsenMH, Phillips KM, Bohn SK, Holte K, Jacobs DRJr, et al.

Content of redox-active compounds (ie, antioxidants) in foods consumed in

the United States. Am J Clin Nutr. (2006) 84:95–135. doi: 10.1093/ajcn/84.1.95

11. Kendall CW, Josse AR, Esfahani A, Jenkins DJ. The impact of pistachio intake

alone or in combination with high-carbohydrate foods on post-prandial

glycemia. Eur J Clin Nutr. (2011) 65:696–702. doi: 10.1038/ejcn.2011.12

12. Kendall CW, West SG, Augustin LS, Esfahani A, Vidgen E, Bashyam B, et

al. Acute effects of pistachio consumption on glucose and insulin, satiety

hormones and endothelial function in the metabolic syndrome. Eur J Clin

Nutr. (2014) 68:370–5. doi: 10.1038/ejcn.2013.275

13. Kay CD, Gebauer SK, West SG, Kris-Etherton PM. Pistachios increase serum

antioxidants and lower serum oxidized-LDL in hypercholesterolemic adults. J

Nutr. (2010) 140:1093–8. doi: 10.3945/jn.109.117366

14. Sari I, Baltaci Y, Bagci C, Davutoglu V, Erel O, Celik H, et al. Effect

of pistachio diet on lipid parameters, endothelial function, inflammation,

and oxidative status: a prospective study. Nutrition. (2010) 26:399–404.

doi: 10.1016/j.nut.2009.05.023

15. Gulati S, Misra A, Pandey RM, Bhatt SP, Saluja S. Effects of pistachio

nuts on body composition, metabolic, inflammatory and oxidative

stress parameters in Asian Indians with metabolic syndrome: a 24-wk,

randomized control trial. Nutrition. (2014) 30:192–7. doi: 10.1016/j.nut.2013.

08.005

16. Yang HX. Diagnostic criteria for gestational diabetes

mellitus (WS 331-2011). Chin Med J. (2012) 125:1212–3.

doi: 10.3760/cma.j.issn.0366-6999.2012.07.004

17. Wang SS, Lay S, Yu HN, Shen SR. Dietary guidelines for Chinese residents

(2016): comments and comparisons. J Zhejiang Univ Sci B. (2016) 17:649–56.

doi: 10.1631/jzus.B1600341

18. Hernandez-Alonso P, Salas-Salvado J, Baldrich-Mora M, Juanola-Falgarona

M, Bullo M. Beneficial effect of pistachio consumption on glucose

metabolism, insulin resistance, inflammation, and related metabolic risk

markers: a randomized clinical trial. Diabetes Care. (2014) 37:3098–105.

doi: 10.2337/dc14-1431

19. Bell KJ, Fio CZ, Twigg S, Duke SA, Fulcher G, Alexander K, et al. Amount and

type of dietary fat, postprandial glycemia, and insulin requirements in type 1

diabetes: a randomized within-subject trial. Diabetes Care. (2019) 42:190687.

doi: 10.2337/dc19-0687

20. Akbaraly TN, Fontbonne A, Favier A, Berr C. Plasma carotenoids and

onset of dysglycemia in an elderly population: results of the epidemiology

of vascular ageing study. Diabetes Care. (2008) 31:1355–9. doi: 10.2337/

dc07-2113

21. Kerimi A, Nyambe-Silavwe H, Gauer JS, Tomas-Barberan FA, Williamson

G. Pomegranate juice, but not an extract, confers a lower glycemic response

on a high-glycemic index food: randomized, crossover, controlled trials in

healthy subjects. Am J Clin Nutr. (2017) 106:1384–93. doi: 10.3945/ajcn.117.

161968

22. Holst JJ. On the physiology of GIP and GLP-1. Horm Metab Res. (2004)

36:747–54. doi: 10.1055/s-2004-826158

23. Bonde L, Vilsboll T, Nielsen T, Bagger JI, Svare JA, Holst JJ, et al. Reduced

postprandial GLP-1 responses in women with gestational diabetes mellitus.

Diabetes Obes Metab. (2013) 15:713–20. doi: 10.1111/dom.12082

24. Baggio LL, Drucker DJ. Biology of incretins: GLP-1 andGIP.Gastroenterology.

(2007) 132:2131–57. doi: 10.1053/j.gastro.2007.03.054

25. Chia CW, Carlson OD, Kim W, Shin YK, Charles CP, Kim HS, et

al. Exogenous glucose-dependent insulinotropic polypeptide worsens post

prandial hyperglycemia in type 2 diabetes. Diabetes. (2009) 58:1342–9.

doi: 10.2337/db08-0958

26. Irwin N, Flatt PR. Evidence for beneficial effects of compromised

gastric inhibitory polypeptide action in obesity-related diabetes and

possible therapeutic implications. Diabetologia. (2009) 52:1724–31.

doi: 10.1007/s00125-009-1422-8

27. Knop FK. Resolution of type 2 diabetes following gastric bypass

surgery: involvement of gut-derived glucagon and glucagonotropic

signalling?. Diabetologia. (2009) 52:2270–6. doi: 10.1007/s00125-009-

1511-8

Frontiers in Nutrition | www.frontiersin.org 7 December 2019 | Volume 6 | Article 186

https://doi.org/10.2337/diacare.26.2007.S103
https://doi.org/10.1371/journal.pone.0121029
https://doi.org/10.2337/dc10-0719
https://doi.org/10.2337/dc10-0544
https://doi.org/10.3760/cma.j.issn.0366-6999.20140898
https://doi.org/10.1016/S0020-7292(15)30033-3
https://doi.org/10.1038/ejcn.2015.145
https://doi.org/10.3390/nu2070652
https://doi.org/10.1017/S0007114514003250
https://doi.org/10.1093/ajcn/84.1.95
https://doi.org/10.1038/ejcn.2011.12
https://doi.org/10.1038/ejcn.2013.275
https://doi.org/10.3945/jn.109.117366
https://doi.org/10.1016/j.nut.2009.05.023
https://doi.org/10.1016/j.nut.2013.08.005
https://doi.org/10.3760/cma.j.issn.0366-6999.2012.07.004
https://doi.org/10.1631/jzus.B1600341
https://doi.org/10.2337/dc14-1431
https://doi.org/10.2337/dc19-0687
https://doi.org/10.2337/dc07-2113
https://doi.org/10.3945/ajcn.117.161968
https://doi.org/10.1055/s-2004-826158
https://doi.org/10.1111/dom.12082
https://doi.org/10.1053/j.gastro.2007.03.054
https://doi.org/10.2337/db08-0958
https://doi.org/10.1007/s00125-009-1422-8
https://doi.org/10.1007/s00125-009-1511-8
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Feng et al. Pistachio Intake on Postprandial Responses

28. Miyawaki K, Yamada Y, Ban N, Ihara Y, Tsukiyama K, ZhouH, et al. Inhibition

of gastric inhibitory polypeptide signaling prevents obesity. Nat Med. (2002)

8:738–42. doi: 10.1038/nm727

29. Monteiro R, Azevedo I. Chronic inflammation in obesity and the metabolic

syndrome. Mediat Inflamm. (2010) 2010:289645. doi: 10.1155/2010/

289645

30. Hermsdorff HH, Angeles Zulet M, Bressan J, Alfredo Martinez J. Effect

of diet on the low-grade and chronic inflammation associated with

obesity and metabolic syndrome. Endocrinol Nutr. (2008) 55:409–19.

doi: 10.1016/S1575-0922(08)75078-2

31. Long J, Guo Y, Yang J, Henning SM, Lee RP, Rasmussen A, et al. Bioavailability

and bioactivity of free ellagic acid compared to pomegranate juice. Food Funct.

(2019) 10:6582–8. doi: 10.1039/C9FO01683J

Conflict of Interest: AC is a consultant of American Pistachio Grower.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2019 Feng, Liu, Li, Carughi and Ge. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Nutrition | www.frontiersin.org 8 December 2019 | Volume 6 | Article 186

https://doi.org/10.1038/nm727
https://doi.org/10.1155/2010/289645
https://doi.org/10.1016/S1575-0922(08)75078-2
https://doi.org/10.1039/C9FO01683J
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Acute Effect of Pistachio Intake on Postprandial Glycemic and Gut Hormone Responses in Women With Gestational Diabetes or Gestational Impaired Glucose Tolerance: A Randomized, Controlled, Crossover Study
	Introduction
	Materials and Methods
	Study Design and Procedures
	Study Participants
	Test Meals
	Blood Biochemical Analysis
	Statistical Analysis

	Results
	Blood Glucose and Insulin
	Gut Derived Incretins

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


