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SUMMARY: Insulin resistance (IR), which is linked to obesity, is a mechanism associated with metabolic diseases, mainly type 2
diabetes mellitus. Studies have shown that monounsaturated fatty acids (MUFAs) have anti-inflammatory and anti-oxidative properties
which positively affect IR. This systematic review examined the effects of MUFAs from different sources on IR in obese or overweight
patients with or without metabolic syndrome. A search was carried out in the PubMed/Medline and Bireme/VHL databases, and data
from 16 studies were analysed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The
intervention time ranged from 1 day to 5.2 years. All participants were overweight or obese; some had central obesity, a moderate risk of
cardiovascular disease, low high-density lipoprotein levels, altered fasting glucose levels, prediabetes or type 2 diabetes mellitus. This
systematic review provides evidence that MUFA-rich diets can improve IR.
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RESUMEN: Efectos de dietas ricas en dcidos grasos monoinsaturados en la gestion y prevencion de la resistencia a la insulina: Una
revision sistemdtica. La resistencia a la insulina (RI), que esta ligada a la obesidad, es un mecanismo asociado a enfermedades metaboli-
cas, principalmente a la diabetes mellitus tipo 2. Los estudios han demostrado que los acidos grasos monoinsaturados (AGMI) tienen pro-
piedades antiinflamatorias y antioxidantes, que afectan positivamente a la RI. Esta revision sistematica examind los efectos de los AGMI
de diferentes fuentes sobre la RI en pacientes obesos o con sobrepeso con o sin sindrome metabdlico. Se realiz6 una busqueda en las
bases de datos PubMed/Medline y Bireme/VHL, y se analizaron los datos de 16 estudios de acuerdo con las pautas Preferred Reporting
Items for Systematic Reviews and Meta-Analyses. El tiempo de intervencion oscild entre 1 dia y 5,2 afios. Todos los participantes tenian
sobrepeso u obesidad; algunos tenian obesidad central, riesgo moderado de enfermedad cardiovascular, niveles bajos de lipoproteinas
de alta densidad, niveles alterados de glucosa en ayunas, prediabetes o diabetes mellitus tipo 2. Esta revision sistematica proporciona
evidencia de que las dietas ricas en MUFA pueden mejorar la RI.
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1. INTRODUCTION

Obesity is highly prevalent among adults and in-
creases costs for public health systems worldwide
(Bovolini ef al., 2021). Obesity usually occurs when
energy intake exceeds energy expenditure from met-
abolic and physical activities, leading to fat accu-
mulation, mainly in visceral depots (Crudele et al.,
2021). Excessive fat accumulation is a risk factor
for many chronic diseases, including type 2 diabe-
tes mellitus (T2DM). Although the exact aetiology
of obesity is unknown, insulin resistance (IR) is a
common factor that links obesity to T2DM and other
metabolic disorders (Cho et al., 2017). IR is defined
as a subnormal response to insulin-stimulated glu-
cose uptake in skeletal muscles and adipose tissue
and/or the suppression of hepatic gluconeogenesis.
The development of IR is mainly associated with
low-grade chronic inflammation induced by pro-in-
flammatory cytokines (e.g. interleukin-1 beta, in-
terleukin-6, and tumour necrosis factor-alpha) and
increased macrophage infiltration into peripheral
tissues (Rehman and Akash, 2016). Oxidative stress
may also be involved in the development of IR (Fu-
rukawa et al., 2004; Hurrle and Hsu, 2017).

Dietary patterns may play a dual role in determin-
ing the positive and negative effects of the onset and
management of metabolic diseases. A systematic re-
view and meta-analysis showed that altered nutritional
habits play an essential role in the risk of IR develop-
ment (Clifton, 2019). While Western dietary patterns,
which are characterized by excessive consumption of
ultra-processed foods, soft drinks, carbohydrates, and
saturated fatty acids, and low or no physical exercise
can lead to the onset of obesity, IR, and T2DM. A
balanced diet which is low in sugar, simple carbohy-
drates, and saturated fatty acids and high in vegetables
fiber, monosaturated fatty acids (MUFAs), and poly-
unsaturated fatty acids (PUFAs) has positive effects
on metabolic risk factors (Clifton, 2019).

The beneficial properties of fatty acids are un-
dervalued. Recent studies indicate that fatty acids,
especially MUFAs, are essential for human health.
Studies have shown that MUFAs play a pivotal role
in health owing to their anti-inflammatory and an-
ti-oxidative properties, which positively affect IR
(Clifton, 2019; Ravaut et al., 2021). Interestingly,
diet supplementation with olive oil (a component of
the MUFA-rich Mediterranean diet) correlates with

a low incidence of obesity and metabolic diseases
and, therefore, low rates of chronic inflammation
and mortality (Ravaut ez al., 2021). This study aimed
to systematically review and summarize the existing
evidence on the effect of a MUFA-rich diet on IR
in overweight or obese individuals with or without
metabolic syndrome (MetS).

2. MATERIALS AND METHODS

2.1. Study design

This systematic review followed the Preferred
Reporting Items for Systematic Reviews and Me-
ta-Analyses guidelines.

2.2. Eligibility criteria

We included randomized, controlled studies in-
volving men and women aged 20—65 years who
were overweight or obese (body mass index > 25 kg/
m?) and either did or did not have MetS. Studies us-
ing MUFA-rich diets (e.g. the Mediterranean diet)
or MUFA supplements (e.g. nuts or vegetable oils
with emphasis on olive oil [discussion item 4.3]) as
the mode of intervention were included. We adopted
IR-related biochemical parameters (e.g. blood glu-
cose, insulin, homeostatic model assessment of insu-
lin resistance [HOMA-IR ], C-peptide, glucagon-like
peptide 1 [GLP-1], and glycosylated haemoglobin
levels) as the main outcome measures.

2.3. Exclusion criteria

We excluded intervention studies involving
healthy individuals or pregnant women and exper-
imental studies. Articles published more than 10
years ago were also excluded.

2.4. Research methods

PubMed and Bireme/VHL (Virtual Health Li-
brary) were searched for articles published between
2010 and 2020. No publication language restrictions
were imposed. In both databases, the search was
performed by combining keywords related to MUFA
(“monounsaturated fatty acids” OR “MUFA”; “extra
virgin olive oil” OR “olive oil”; “nuts” OR “nut”;
“Mediterranean diet”) and the expected results relat-
ed to IR assessment (“Insulin Resistance” OR “Insu-
lin Sensitivity” OR “Insulin” OR “HOMA?”). Only
randomized clinical trials were included (Figure 1).
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2.5. Data extraction and management

Three researchers independently selected the ar-
ticles. Discrepancies were discussed with two other
review researchers until a consensus was reached.
The following data were extracted from each study:
author; publication year; number and characteristics
of participants; age group; MUFA intervention du-
ration, quantity, and type; control type; and main re-
sults with research outcomes (Table 1).

3. RESULTS

3.1. Literature search

The search identified 124 articles in Pubmed and
21 articles in Bireme: 30 using “monounsaturated
fatty acids” OR “MUFA,” 30 using “extra virgin ol-
ive 0il” OR “olive oil,” 36 using “nuts” OR “nut,”
and 49 using “Mediterranean diet.” After excluding
duplicate, reviews, and irrelevant articles, 67 were
subjected to full-text review, and 16 of them were
finally included (Figure 1).

3.2. Study characteristics

Sixteen studies were included in this systematic re-
view. The intervention time ranged from 1 day to 5.2
years. The analysed studies included 1341 participants
from countries on all continents except Africa. Nine
studies were randomized crossover studies, five were
randomized clinical trials, one was a randomized, par-
allel-arm controlled trial, and one was a nonrandomized
clinical trial. Table 1 summarizes the information ex-
tracted from the included studies. All participants were
overweight or obese. Some had MetS, central obesi-
ty, a moderate risk of cardiovascular disease, a low
high-density lipoprotein (HDL) level, an altered fasting
glucose level, prediabetes, or T2DM.

3.3. Intervention with MUFASs

The interventions proposed by the analysed stud-
ies are detailed in Table 1. The main interventions
were supplementation with extra virgin olive oil or
nuts, MUFA-rich diets including different sources of
vegetable oils, and/or a Mediterranean diet.

4. DISCUSSION

This systematic review explores the effects of
MUPFA-rich diets on IR in adults and older individ-

uals. In most of the included studies, improvements
were observed in IR-related parameters (i.e. reduc-
tion in blood glucose, insulin, and HOMA-IR levels)
after short- or long-term consumption of MUFA-rich
diets; whereas the other studies did not report nega-
tive results, reinforcing the safety and importance of
dietary MUFAs.

4.1. MUFA-rich diets from the consumption of ex-
tra-virgin olive oil

One study revealed that short-term extra virgin
olive oil consumption, compared with a diet without
olive oil consumption, resulted in a 20% decrease
in postprandial serum glucose levels and a 40% in-
crease in insulin levels among patients with impaired
fasting glucose (Carnevale et al., 2017). The authors
suggested that the inhibition of DPP-4 activity is a
potential mechanism for GLP-1 and insulin upreg-
ulation. A study by D’Amore et al. (2016) showed
improved blood glucose and insulin sensitivity after
short-term consumption of high-polyphenol extra
virgin olive oil versus low-polyphenol extra virgin
olive oil in individuals without MetS. Polyphe-
nol-rich oil also promoted the transcription of genes
and miRNAs involved in anti-inflammatory respons-
es and energy homeostasis. Interestingly, these ef-
fects were partially lost in patients with MetS and
those consuming low-polyphenol extra virgin olive
oil, highlighting the importance of the phenolic frac-
tion and the individual’s health status. In another two
studies involving olive oil supplementation, Valente
et al. (2018) did not observe any effects of short-term
consumption of extra virgin olive oil versus coconut
oil in overweight women and Galang et al. (2020),
in a randomized controlled crossover trial, identified
significantly increased postprandial glucose levels in
patients with type 2 diabetes mellitus, after adding a
tablespoon of extra-virgin olive oil.

4.2. MUFA-rich diets from the consumption of nuts

Three studies which examined the effects of nut
consumption were included in this review. Hernan-
dez-Alonso et al. (2017) observed that a 4-month
pistachio-enriched diet positively modulated the ex-
pression of some insulin sensitivity-related miRNAs
in pre-diabetic individuals. In contrast, Liu et al.
(2017) did not observe any effects of short-term pea-
nut consumption on glycaemic and insulin responses
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Identification of studies via databases and registers
Reports removed before screening:
.5 Reports identified from:
g e  Duplicate reports removed (n=16)
= e  Databases (n=2) »|e Reports marked as ineligible (n=0)
5 e  Registers on Pubmed (n=124) by automation tools
= e  Registers on Bireme (n=21) e  Reports removed for other n=7)
reasons
Reports screened (n=122) —»| Reports excluded (n=155)
Reports sought for retrieval (n=0) j————»| Reports not retrieved n=0)
of
&=
=
g v
5 Reports excluded:
“ Reports assessed for eligibility I Age > 65 years (n=27)
(n=67) e BMI<25kg/m? (n=28)
e  No MUFA diet (n=4)
e No control group (n=1)
e Did not evaluate IR n=06)
e  Study protocol (n=3)
e  Results already presented in =~ (n=2)
other included studies
v
g
g Studies included in the revision
E (n=16)

FiGure 1. PRISMA Flow Diagram detailing the database searches, the number of abstracts screened and the full texts retrieved. BMI:
Body Mass Index; MUFA: Monounsaturated Fatty Acids; IR: Insulin Resistance

in overweight individuals. Unlike previous studies,
Abbaspour et al. (2019) reported blood glucose and
insulin level reductions in overweight individuals af-
ter an 8-week diet with mixed-nut supplementation.
This beneficial effect on glycaemic control can be at-
tributed, in part, to the replacement of carbohydrates
by MUFAs. Notably, the proteins and fibers con-
tained in nuts can also contribute to this hypoglycae-
mic effect (Azzout-Marniche et al., 2014; Weickert
and Pfeiffer, 2008). Another finding of this study was

body weight reduction in the nut consumption group
(Abbaspour et al., 2019). According to Qian et al.
(2016), the effects of a MUFA-rich diet on metabolic
risk factors may be partially mediated by changes in
body weight. The introduction of a variety of nuts
to the diet is interesting, as it can prevent food mo-
notony and maintain consumption. In addition, nuts
differ in their nutrient and bioactive compound con-
tents; thus, a combination of nuts provides a greater
range of health benefits (Abbaspour et al., 2019).
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4.3. MUFA-rich diets including different sources of
vegetable oils

Seven studies on MUFA-rich diets using different
vegetable oil sources were included in this system-
atic review. Montserrat-de la Paz et al. (2018) eval-
uated the effects of a short-term diet with the three
meals containing different sources of fat (saturated
fatty acids [milk cream], MUFAs [refined olive oil],
MUFAs plus n-3 PUFAs [refined olive oil plus fish
oil with EPA and DHA], and no-fat meals) among
individuals with MetS. All meals were supplement-
ed with 2 g of niacin. Compared to meals containing
saturated fatty acids, meals containing MUFAs im-
proved glycaemia and postprandial insulinaemia and
increased C-peptide levels, and showed greater insu-
lin production. The same group of researchers pre-
viously demonstrated that the nature of dietary fats
in meals influences postprandial triglyceride levels
and the control of insulin secretion and sensitivity
among individuals with normal or elevated fasting
triglyceride levels (Lopez et al., 2008; Lopez et al.,
2011). The results of these studies showed improved
postprandial beta-cell function and lower IR when
the proportion of MUFAs versus that of saturated
fatty acids in the diet was increased (Lopez et al.,
2011; Lopez et al., 2008).

In a study by Luis et al. (2017), obese partici-
pants consumed a high-MUFA hypocaloric diet (in-
cluding virgin olive oil) or a high-PUFA hypocaloric
diet for 3 months. In the high-MUFA hypocaloric
diet group, individuals with the AA genotype (wild
type) showed a reduction in insulin and HOMA-IR
levels. This result shows that a single nucleotide pol-
ymorphism (SNP) in the brain-derived neurotrophic
factor gene (rs10767664 variant) modifies IR after
weight loss following a high-MUFA hypocaloric
diet. However, the effect of dietary fat composition
on the metabolic parameters related to this SNP re-
mains unclear.

Another study which compared the effects of a
MUFA -rich diet versus a PUFA-rich diet for 45 days
in obese women (BMI > 35kg/m?) was conducted
by Lago et al. (2016). Although the authors did not
identify the MUFA and PUFA sources used, they
emphasized that the diet was individualized and had
a caloric restriction of about 500 to 1000 kcal per
day. At the end of the study, no statistical differences
were observed when comparing the PUFA-rich diet
and the MUFA-rich diet, but the intragroup evalua-

tion showed a drop in the level of fasting glucose,
insulin levels and HOMA-IR, in the MUFA-rich
group. These results suggest that the MUFA-rich diet
was more efficient in reducing insulin resistance in
the studied population.

Two studies did not show the potential benefit of
MUFAs versus other fatty acids on IR; however, a
high-carbohydrate diet produced interesting results.
Chang et al. (2018) compared the effects of replac-
ing 7% of one’s dietary energy with carbohydrates
(simple sugar supplied as sweetened drinks), MU-
FAs (high-oleic sunflower oil blend), or saturated
fatty acids (palm oil) for 6 weeks in individuals with
abdominal obesity. The use of MUFAs or saturated
fatty acids had no differential impact on glucose and
insulin homeostasis and gastrointestinal peptides
(GLP-1, GIP, ghrelin, PYY, and CCK) in the fast-
ing or postprandial periods. The diet with refined
carbohydrates had greater adverse effects on insulin
secretion. In another study, Chang et al. (2016) eval-
uated individuals with MetS who consumed high-fat
meals (enriched with saturated fatty acids, MUFAs
[high-oleic sunflower oil], or n-6 PUFAs) or low-fat/
high-sucrose meals. The short-term consumption of
fatty acids (saturated fatty acids, MUFAs, and n-6
PUFAs) resulted in similar insulin, glucose, and
C-peptide responses over time (Chang et al., 2016).
Compared to high-fat meals (regardless of the fatty
acid type), the low-fat/high-sucrose meal induced a
greater response for C-peptide (45%), insulin (45%),
and glucose (49%).

Two other studies also showed no benefit of MU-
FAs versus other fatty acids on IR, but positive re-
sults were observed for MetS-related parameters.
Vafeiadou et al. (2015) evaluated the effects of the
consumption of three isoenergetic diets rich in sat-
urated fatty acids (butter), MUFAs (refined olive oil
and olive oil/rapeseed oil blended spread), or n-6
PUFAs (safflower oil and spread) for 16 weeks in
individuals with a moderate cardiovascular disease
risk. Replacing saturated fatty acids with MUFAs
attenuated nocturnal systolic blood pressure. Re-
garding the patients’ fasting lipid profiles, replacing
saturated fatty acids with MUFAs or n-6 PUFAs
reduced the total (28.4% and 29.2%, respectively)
and low-density lipoprotein (LDL) (211.3% and
213.6%, respectively) cholesterol levels, and the to-
tal cholesterol to HDL cholesterol ratio (25.6% and
28.5%, respectively), without significant differenc-
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es between MUFAs and n-6 PUFAs. Brassard et al.
(2017) evaluated individuals with abdominal obesity
and low HDL cholesterol levels who consumed five
isoenergetic diets, each for 4 weeks: 1) rich in satu-
rated fatty acids (cheese), 2) rich in saturated fatty
acids (butter), 3) rich in MUFAs, 4) rich in PUFAs,
and 5) low-fat, high-carbohydrate. Compared to the
diets rich in saturated fatty acids (cheese or butter),
the diet rich in MUFAs reduced LDL and the total
cholesterol to HDL cholesterol ratio.

4.4. Mediterranean diet

Two studies included in the review evaluated
the effects of a Mediterranean diet in patients with
T2DM, and long-term follow-ups showed benefits
in terms of IR. The Mediterranean diet is one of the
most widely described and evaluated diets in scien-
tific literature. It is characterized by a high intake of
nuts, vegetables, legumes, fruits, grains, fish, seafood,
and extra virgin olive oil and a moderate intake of red
wine (Schwingshackl et al., 2020). A large body of
observational and experimental evidence suggests
that greater adherence to the Mediterranean diet is re-
lated to glucose homeostasis, with an emphasis on re-
duced IR (Roldan et al., 2019; Vitale et al., 2018; Park
etal.,2017; Zhong et al., 2016). This beneficial effect
is probably related to its contents of MUFAs; PUFAs;
fiber; and bioactive compounds such as polyphenols,
vitamins, and minerals which result in anti-inflam-
matory and anti-oxidant actions, GLP agonists, and
changes in the intestinal microbiota (Schwingshackl
et al., 2020; Martin-Pelaez et al., 2020). The PRED-
IMED study showed that adherence to a Mediterrane-
an diet enriched with either an average of 50 mL/day
of virgin olive oil or 30 g/day of nuts for 5 years, com-
pared with a low-fat diet, in participants with MetS
decreased xanthine oxidase activity and increased
plasma superoxide dismutase and catalase activities
(Sureda et al., 2016). Notably, the unique actions of
different nutrients or compounds and their derived
metabolites can be enhanced by interactions and syn-
ergies, making the Mediterranean diet an invaluable
tool for the prevention and control of metabolic dis-
eases (Tosatti ef al., 2021; Martin-Pelaez et al., 2020).

4.5. Limitations

Although this systematic review supports the
beneficial role of MUFAs in IR, whether these ef-

fects are a primary or secondary outcome of the
improvement in obesity-associated chronic in-
flammation and oxidative stress remain unclear.
Another limitation is the diversity of the included
publications. Heterogeneity in study characteris-
tics is common in nutritional intervention studies.
Therefore, unsurprisingly, the studies selected for
the present analysis varied with regard to the type
of diets, definition of MUFA-rich diets, study pop-
ulation, intervention duration, and long-term fol-
low-up protocols.

Another consideration is the variation in MUFA
levels in the articles reviewed. Use of different
MUFA doses is a relevant factor that may have
influenced the results. Most dietary guidelines for
MUFA consumption are based on the subtraction
of recommended saturated and polyunsaturated fat
intakes from the total fat intake rather than on evi-
dence for the optimal level of MUFA intake (Liu et
al., 2017). A few guidelines have specified quanti-
tative recommendations for MUFA intake, ranging
from 10 to 25% of the total caloric value of the diet
(Schwingshackl et al., 2021; Sociedade Brasileira
de Cardiologia, 2017). Thus, when considering an
average requirement of 2000 kcal/day, the mini-
mum recommendation of 10% is equivalent to 22
g of MUFAs. On a daily basis, this MUFA content
can be achieved by consuming approximately 27
mL of extra virgin olive oil (Jimenez-Lopez et al.,
2020), 67 g of almonds (NEPA, 2011), or 37 g of
macadamia nuts (Kris-Etherton, 1999), regardless
of food sources.

5. CONCLUSIONS

Our systematic review showed that some im-
provement in IR-related parameters was observed
in most of the evaluated studies, despite the diver-
sity of MUFA interventions, doses, and outcomes.
Therefore, individuals with IR may benefit from the
consumption of extra virgin olive oil, nuts, a MU-
FA-rich diet including different sources of vegetable
oils, or a Mediterranean diet. However, further stud-
ies are necessary to establish dose recommendations.

ACKNOWLEDGMENTS

The authors acknowledge Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico - CNPq
and Universidade Federal de Juiz de Fora.

Grasas y Aceites 74 (3), July-September 2023, e522. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.1125212


https://doi.org/10.3989/gya.1125212

8 « E.L.L. Ramos, M.F.C. Lima, A.C.S.F. Azevedo, M.G.F. Lopes, A.P.B. Moreira and C.T. Souza

DISCLOSURE

All authors declare no conflicts of interest regard-
ing the contents of this article.

REFERENCES

Abbaspour N, Roberts T, Hooshmand S, Kern M,
Hong MY. 2019. Mixed Nut Consumption May
Improve Cardiovascular Disease Risk Factors in
Overweight and Obese Adults. Nutrients. 11 (7),
1-13. https://doi.org/10.3390/nul11071488

Azzout-Marniche D, Gaudichon C, Tomé D.
2014. Dietary protein and blood glucose con-

trol. Curr. Opin. Clin. Nutr. Metab. Care.
17 (4), 349-354. https://doi.org/10.1097/
MCO0.0000000000000062

Bovolini A, Garcia J, Andrade MA, Duarte JA.
2021. Metabolic Syndrome Pathophysiology and
Predisposing Factors. Int. J. Sports Med. 42 (3),
199-214. https://doi.org/10.1055/a-1263-0898

Brassard D, Tessier-Grenier M, Allaire J, Rajendiran
E, She Y, Ramprasath V, Gigleux [, Talbot D, Levy
E, Tremblay A, Jones PJ, Couture P, Lamarche B.
2017. Comparison of the impact of SFAs from
cheese and butter on cardiometabolic risk fac-
tors: a randomized controlled trial. 4m. J. Clin.
Nutr. 105 (4), 800-809. https://doi.org/10.3945/
ajen.116.150300

Carnevale R, Loffredo L, Ben MD, Angelico F, No-
cella C, Petruccioli A, Bartimoccia S, Monticolo
R, Cava E, Violi F. 2017. Extra virgin olive oil
improves post-prandial glycemic and lipid profile
in patients with impaired fasting glucose. Clin.
Nutr. 36 (3), 780-787. https://doi.org/10.1016/j.
clnu.2016.05.016

Chang C-Y, Kanthimathi MS, Tan AT-B, Nesaret-
nam K, Teng, K-T. 2018. The amount and types
of fatty acids acutely affect insulin, glycemic and
gastrointestinal peptide responses but not satie-
ty in metabolic syndrome subjects. Fur. J. Nutr.
57 (1), 179-190. https://doi.org/10.1007/s00394-
016-1307-9

Chang LF, Vethakkan SR, Nesaretnam K, Sanders
TAB, Teng K-T. 2016. Adverse effects on insulin
secretion of replacing saturated fat with refined
carbohydrate but not with monounsaturated fat:
A randomized controlled trial in centrally obese
subjects. J. Clin. Lipidol. 10 (6), 1431-1441.
https://doi.org/10.1016/j.jacl.2016.09.006

Cho J, Hong H, Park S, Kim S, Kang H. 2017. Insu-
lin Resistance and Its Association with Metabolic
Syndrome in Korean Children. Biomed. Res. Int.
2017, 1-7. https://doi.org/10.1155/2017/8728017

Clifton P. 2019. Metabolic Syndrome-Role of Die-
tary Fat Type and Quantity. Nutrients 11 (7), 1-7.
https://doi.org/10.3390/nul11071438

Crudele L, Piccinin E, Moschetta A. 2021. Visceral
Adiposity and Cancer: Role in Pathogenesis and
Prognosis. Nutrients. 13 (6), 1-25. https://doi.
org/10.3390/nu13062101

D’amore S, Vacca M, Cariello M, Graziano G,
D’orazio A, Salvia R, Sasso RC, Sabba C, Palas-
ciano G, Moschetta A. 2016. Genes and miRNA
expression signatures in peripheral blood mono-
nuclear cells in healthy subjects and patients with
metabolic syndrome after acute intake of extra
virgin olive oil. Biochim. Biophys. Acta. 1861
(11), 1671-1680. https://doi.org/10.1016/j.bba-
1ip.2016.07.003

Furukawa S, Fujita T, Shimabukuro M, Iwaki M,
Yamada Y, Nakajima Y, Nakayama O, Mak-
ishima M, Matsuda M, Shimomura 1. 2004. In-
creased oxidative stress in obesity and its impact
on metabolic syndrome. J. Clin. Invest. 114 (12),
1752-1761. https://doi.org/10.1172/JC121625

Galang DG, Isidro MJ, Gonzales MC, Maca-
buag-Oliva A. 2020. Extra Virgin Olive Oil and
Postprandial Blood Glucose in Type 2 Diabe-
tes Mellitus Patients: A Randomized Controlled
Cross-over Trial. Phillip. J. Intern. Med. 58 (1),
24-29.

Hernandez-Alonso P, Giardina S, Salas-Salvado J,
Arcelin P, Bullé6 M. 2017. Chronic pistachio in-
take modulates circulating microRNAs related to
glucose metabolism and insulin resistance in pre-
diabetic subjects. Eur. J. Nutr. 56 (6),2181-2191.
https://doi.org/10.1007/s00394-016-1262-5

Hurrle S, Hsu WH. 2017. The etiology of oxidative
stress in insulin resistance. Biomed. J. 40 (5),257—
262. https://doi.org/10.1016/j.bj.2017.06.007

Jimenez-Lopez C, Carpena M, Lourengo-Lopes
C, Gallardo-Gomez M, Lorenzo JM, Barba FJ,
Prieto MA, Simal-Gandara J. 2020. Bioactive
Compounds and Quality of Extra Virgin Olive
Oil. Foods 9 (8), 1-31. https://doi.org/10.3390/
foods9081014

Kris-Etherton PM. 1999. AHA Science Advisory.
Monounsaturated fatty acids and risk of car-

Grasas y Aceites 74 (3), July-September 2023, €522. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.1125212


https://doi.org/10.3989/gya.1125212
https://doi.org/10.3390/nu11071488
https://doi.org/10.1097/MCO.0000000000000062
https://doi.org/10.1097/MCO.0000000000000062
https://doi.org/10.1055/a-1263-0898
https://doi.org/10.3945/ajcn.116.150300
https://doi.org/10.3945/ajcn.116.150300
https://doi.org/10.1016/j.clnu.2016.05.016
https://doi.org/10.1016/j.clnu.2016.05.016
https://doi.org/10.1007/s00394-016-1307-9
https://doi.org/10.1007/s00394-016-1307-9
https://doi.org/10.1016/j.jacl.2016.09.006
https://doi.org/10.1155/2017/8728017
https://doi.org/10.3390/nu11071438
https://doi.org/10.3390/nu13062101
https://doi.org/10.3390/nu13062101
https://doi.org/10.1016/j.bbalip.2016.07.003
https://doi.org/10.1016/j.bbalip.2016.07.003
https://doi.org/10.1172/JCI21625
https://doi.org/10.1007/s00394-016-1262-5
https://doi.org/10.1016/j.bj.2017.06.007
https://doi.org/10.3390/foods9081014
https://doi.org/10.3390/foods9081014

Effects of diets rich in monounsaturated fatty acids on the management and prevention of insulin resistance: A systematic review * 9

diovascular disease. American Heart Associ-
ation. Nutrition Committee. Circulation 100
(11), 1253-1258. https://doi.org/10.1161/01.
CIR.100.11.1253

Lago MF, Kaippert VC, Souto DL, Rosado EL. 2016.
Influence of the unsaturated fatty acids on body
weight, glucose, and lipids metabolism in obese
women with Prol2Pro genotype in PPARY?2
gene. Nutr. Hosp. 33 (2), 277-283. https://dx.doi.
org/10.20960/nh.103

Liu AG, Ford NA, Hu FB, Zelman KM, Mozaffarian
D, Kris-Etherton PM. 2017. A healthy approach
to dietary fats: understanding the science and tak-
ing action to reduce consumer confusion. Nutr:
J. 16 (1), 1-15. https://doi.org/10.1186/s12937-
017-0271-4

Liu X, Hill AM, West SG, Gabauer RM, Mccrea
CE, Fleming JA, Kris-Etherton PM. 2017. Acute
Peanut Consumption Alters Postprandial Lipids
and Vascular Responses in Healthy Overweight
or Obese Men. J. Nutr. 147 (5), 835-840. https://
doi.org/10.3945/jn.116.246785

Lopez S, Bermudez B, Ortega A, Varela LM, Pa-
checo YM, Villar J, Abia R, Muriana FJG. 2011.
Effects of meals rich in either monounsaturated
or saturated fat on lipid concentrations and on in-
sulin secretion and action in subjects with high
fasting triglyceride concentrations. Am. J. Clin.
Nutr. 93 (3), 494-499. https://doi.org/10.3945/
ajen.110.003251

Lopez S, Bermudez B, Pacheco YM, Villar J, Abia
R, Muriana FJG. 2008. Distinctive postpran-
dial modulation of beta cell function and insu-
lin sensitivity by dietary fats: monounsaturated
compared with saturated fatty acids. Am. J. Clin.
Nutr. 88 (3), 638—644. https://doi.org/10.1093/
ajcn/88.3.638

Luis DA, Romero E, Izaola O, Primo D, Aller R.
2017. Cardiovascular Risk Factors and Insu-
lin Resistance after Two Hypocaloric Diets
with Different Fat Distribution in Obese Sub-
jects: Effect of the rs10767664 Gene Variant in
Brain-Derived Neurotrophic Factor. J. Nutrige-
net. Nutrigenomics 10 (5-6), 163—171. https://
doi.org/10.1159/000485248

Maiorino MI, Bellastella G, Caputo M, Castaldo
F, Improta MR, Giugliano D, Esposito K. 2016.
Effects of Mediterranean diet on sexual function
in people with newly diagnosed type 2 diabetes:

The MEDITA trial. J. Diabetes Complications 30
(8), 1519-1524. https://doi.org/10.1016/j.jdia-
comp.2016.08.007

Maiorino MI, Bellastella G, Petrizzo M, Gicchino
M, Caputo M, Giugliano D, Esposito, K. 2017.
Effect of a Mediterranean diet on endothelial pro-
genitor cells and carotid intima-media thickness
in type 2 diabetes: Follow-up of a randomized tri-
al. Eur. J. Prev. Cardiol. 24 (4), 399-408. https://
doi.org/10.1177/2047487316676133

Martin-Pelaez S, Fito M, Castaner O. 2020. Mediter-
ranean Diet Effects on Type 2 Diabetes Preven-
tion, Disease Progression, and Related Mecha-
nisms. A Review. Nutrients. 12 (8), 1-15. https://
doi.org/10.3390/nu12082236

Montserrat-de la Paz S, Lopez S, Bermudez B, Guer-
rero JM, Abia R, Muriana FJ. 2018. Effects of im-
mediate-release niacin and dietary fatty acids on
acute insulin and lipid status in individuals with
metabolic syndrome. J. Sci. Food. Agric. 98 (6),
2194-2200. https://doi.org/10.1002/jsfa.8704

NEPA (Nucleo de Estudos e Pesquisas em Alimentacao)
— Unicamp. 2011. Tabela brasileira de composigao de
alimentos (TACO). NEPA-UNICAMP 4, 161.

Park Y-M, Zhang J, Steck SE, Fung TT, Hazlett LJ,
Han K, Ko S-H, Merchant AT. 2017. Obesity
Mediates the Association between Mediterra-
nean Diet Consumption and Insulin Resistance
and Inflammation in US Adults. J. Nutr. 147 (4),
563-571. https://doi.org/10.3945/jn.116.243543

Qian F, Korat AA, Malik V, Hu FB. 2016. Metabolic
Effects of Monounsaturated Fatty Acid-Enriched
Diets Compared With Carbohydrate or Polyun-
saturated Fatty Acid-Enriched Diets in Patients
With Type 2 Diabetes: A Systematic Review and
Meta-analysis of Randomized Controlled Trials.
Diabetes Care 39 (8), 1448-1457. https://doi.
org/10.2337/dc16-0513

Ravaut G, Légiot A, Bergeron K-F, Mounier C.
2021. Monounsaturated Fatty Acids in Obesi-
ty-Related Inflammation. Int. J. Mol. Sci. 22 (1),
1-22. https://doi.org/10.3390/ijms22010330

Rehman K, Akash MSH. 2016. Mechanisms of in-
flammatory responses and development of insu-
lin resistance: how are they interlinked? J. Bio-
med. Sci. 23 (1), 1-18. https://doi.org/10.1186/
$12929-016-0303-y

Roldan CC, Marcos MLT, Marcos FM, Albero JS,
Rios RS, Rodriguez AC, Royo JMP, Lopez PJT.

Grasas y Aceites 74 (3), July-September 2023, e522. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.1125212


https://doi.org/10.3989/gya.1125212
https://doi.org/10.1161/01.CIR.100.11.1253
https://doi.org/10.1161/01.CIR.100.11.1253
https://dx.doi.org/10.20960/nh.103
https://dx.doi.org/10.20960/nh.103
https://doi.org/10.1186/s12937-017-0271-4
https://doi.org/10.1186/s12937-017-0271-4
https://doi.org/10.3945/jn.116.246785
https://doi.org/10.3945/jn.116.246785
https://doi.org/10.3945/ajcn.110.003251
https://doi.org/10.3945/ajcn.110.003251
https://doi.org/10.1093/ajcn/88.3.638
https://doi.org/10.1093/ajcn/88.3.638
https://doi.org/10.1159/000485248
https://doi.org/10.1159/000485248
https://doi.org/10.1016/j.jdiacomp.2016.08.007
https://doi.org/10.1016/j.jdiacomp.2016.08.007
https://doi.org/10.1177/2047487316676133
https://doi.org/10.1177/2047487316676133
https://doi.org/10.3390/nu12082236
https://doi.org/10.3390/nu12082236
https://doi.org/10.1002/jsfa.8704
https://doi.org/10.3945/jn.116.243543
https://doi.org/10.2337/dc16-0513
https://doi.org/10.2337/dc16-0513
https://doi.org/10.3390/ijms22010330
https://doi.org/10.1186/s12929-016-0303-y
https://doi.org/10.1186/s12929-016-0303-y

10 « E.L.L. Ramos, M.F.C. Lima, A.C.S.F. Azevedo, M.G.F. Lopes, A.P.B. Moreira and C.T. Souza

2019. Adhesion to the Mediterranean diet in di-
abetic patients with poor control. Clin. Inves-
tig. Arterioscler. 31 (5), 210-217. https://doi.
org/10.1016/j.arteri.2019.03.005

Schwingshackl L, Morze J, Hoffmann G. 2020.
Mediterranean diet and health status: Active in-
gredients and pharmacological mechanisms. Br.
J. Pharmacol. 177 (6), 1241-1257. https://doi.
org/10.1111/bph.14778

Schwingshackl L, Zdhringer J, Beyerbach J, Wer-
ner SS, Nagavci B, Heseker H, Koletzko B,
Meerpohl JJ. 2021. A Scoping Review of Cur-
rent Guidelines on Dietary Fat and Fat Quali-
ty. Ann. Nutr. Metab. 77 (2), 65-82. https://doi.
org/10.1159/000515671

Sociedade Brasileira de Cardiologia. 2017. Atuali-
zagdo da Diretriz Brasileira de Dislipidemias e
Prevencao da Aterosclerose — 2017. Arg. Bras.
Cardiol. 109 (2 suppl 1), 1-76.

Sureda A, Bibiloni MDM, Martorell M, Buil-Co-
siales P, Marti A, Pons A, Tur JA, Martinez-
-Gonzalez MA. 2016. Mediterranean diets sup-
plemented with virgin olive oil and nuts enhance
plasmatic antioxidant capabilities and decrease
xanthine oxidase activity in people with meta-
bolic syndrome: The PREDIMED study. Mol.
Nutr. Food Res. 60 (12), 2654-2664. https://doi.
org/10.1002/mnfr.201600450

Tosatti JAG, Alves MT, Gomes KB. 2021. The
Role of the Mediterranean Dietary Pattern on
Metabolic Control of Patients with Diabe-
tes Mellitus: A Narrative Review. Diabetes.
Res. Clin. Pract. 1307, 115-128. https://doi.
org/10.1007/5584 2020 513

Vafeiadou K, Weech M, Altowaijri H, Todd S,
Yaqoob P, Jackson KG, Lovegrove JA. 2015. Re-
placement of saturated with unsaturated fats had

no impact on vascular function but beneficial ef-
fects on lipid biomarkers, E-selectin, and blood
pressure: results from the randomized, controlled
Dietary Intervention and VAScular function (DI-
VAS) study. Am. J. Clin. Nutr. 102 (1), 40-48.
https://doi.org/10.3945/ajcn.114.097089

Valente FX, Candido FG, Lopes LL, Dias DM, Car-
valho SDL, Pereira PF, Bressan, J. 2018. Effects
of coconut oil consumption on energy metab-
olism, cardiometabolic risk markers, and ap-
petitive responses in women with excess body
fat. Eur. J. Nutr. 57 (4), 1627-1637. https://doi.
org/10.1007/s00394-017-1448-5

Vitale M, Masulli M, Calabrese I, Rivellese AA, Bo-
nora E, Signorini S, Perriello G, Squatrito S, Bu-
zzetti R, Sartore G, Babini AC, Gregori G, Gior-
dano C, Clemente G, Grioni S, Dolce P, Riccardi
G, Vaccaro O. 2018. Impact of a Mediterranean
Dietary Pattern and Its Components on Cardi-
ovascular Risk Factors, Glucose Control, and
Body Weight in People with Type 2 Diabetes: A
Real-Life Study. Nutrients 10 (8), 1-12. https://
doi.org/10.3390/nu10081067

Weickert MO, Pfeiffer AFH. 2008. Metabolic effects
of dietary fiber consumption and prevention of
diabetes. J. Nutr. 138 (3), 439—442. https://doi.
org/10.1093/jn/138.3.439

Zhong VW, Lamichhane, AP, Crandell JL, Couch
SC, Liese AD, The NS, Tzeel BA, Dabelea D,
Lawrence JM, Marcovina SM, Kim G, May-
er-Davis EJ. 2016. Association of adherence to
a Mediterranean diet with glycemic control and
cardiovascular risk factors in youth with type
I diabetes: the SEARCH Nutrition Ancillary
Study. Eur. J. Clin. Nutr. 70 (7), 802—807. https://
doi.org/10.1038/ejcn.2016.8

Grasas y Aceites 74 (3), July-September 2023, €522. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.1125212


https://doi.org/10.3989/gya.1125212
https://doi.org/10.1016/j.arteri.2019.03.005
https://doi.org/10.1016/j.arteri.2019.03.005
https://doi.org/10.1111/bph.14778
https://doi.org/10.1111/bph.14778
https://doi.org/10.1159/000515671
https://doi.org/10.1159/000515671
https://doi.org/10.1002/mnfr.201600450
https://doi.org/10.1002/mnfr.201600450
https://doi.org/10.1007/5584_2020_513
https://doi.org/10.1007/5584_2020_513
https://doi.org/10.3945/ajcn.114.097089
https://doi.org/10.1007/s00394-017-1448-5
https://doi.org/10.1007/s00394-017-1448-5
https://doi.org/10.3390/nu10081067
https://doi.org/10.3390/nu10081067
https://doi.org/10.1093/jn/138.3.439
https://doi.org/10.1093/jn/138.3.439
https://doi.org/10.1038/ejcn.2016.8
https://doi.org/10.1038/ejcn.2016.8

	Effects of diets rich in monounsaturated fatty acids on the management and prevention of insulin res
	1. INTRODUCTION 
	2. MATERIALS AND METHODS 
	2.1. Study design 
	2.2. Eligibility criteria 
	2.3. Exclusion criteria  
	2.4. Research methods  
	2.5. Data extraction and management 

	3. RESULTS 
	3.1. Literature search 
	3.2. Study characteristics 
	3.3. Intervention with MUFAs 

	4. DISCUSSION 
	4.1. MUFA-rich diets from the consumption of extra-virgin olive oil 
	4.2. MUFA-rich diets from the consumption of nuts 
	4.3. MUFA-rich diets including different sources of vegetable oils 
	4.4. Mediterranean diet 
	4.5. Limitations  

	5. CONCLUSIONS 
	ACKNOWLEDGMENTS 
	DISCLOSURE 
	REFERENCES 


