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Abstract

Metabolic syndrome (MS) and non-alcoholic steatohepatitis
(NASH) have been associated with bad eating habits. Sup-
plementation with coconut oil (CO) has been proposed to
control these conditions, as some authors suggest that CO
provides weight loss and cardiovascular protective effects.
However, the effectiveness and safety of emerging diets,
such as CO, remain uncertain. This review focuses on the
utilization of CO in the control of MS and NASH, besides in
addition to describing this cardiovascular and weight loss
effects, with special attention to the possible unfavourable
impacts on human health, based on clinical and experimen-
tal studies.

Keywords

Coconut oil, High-fat diet, Steatohepatitis, Metabolic syn-
drome

Abbreviations

MS: Metabolic Syndrome; NAFLD: Non-Alcoholic Fatty Liv-
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ase; TNF-a: Tumour Necrosis Factor

Introduction

Metabolic syndrome (MS), a disease associated with
inadequate diet and sedentary lifestyle, has been con-
sidered a significant cause of morbidity in a globalized
society [1]. MS corresponds to a group of alterations
comprising obesity, visceral fat, hyperglycemia, hyper-
triglyceridemia, and hypertension. Other manifesta-
tions of MS include increased serum levels of total cho-

lesterol, reduction of high-density lipoprotein (HDL),
and augment of low-density lipoprotein (LDL). In addi-
tion to being correlated with a higher number of car-
diovascular events, MS is one of the main risk factors
for the development of non-alcoholic fatty liver disease
(NAFLD) [2].

NAFLD includes a broad spectrum of hepatic abnor-
malities, which may range from steatosis to non-alco-
holic steatohepatitis (NASH) [3]. In this context, NASH
can be identified by the presence of significant fibrosis
and necroinflammatory activity, in addition to steatosis.
Balloon degeneration, Mallory hyaline corpuscles and
nuclear vacuolation of hepatocytes can also be found
in NASH [4]. One of the primary mechanisms involved
in the development of NASH includes the association
of hepatocellular lipid deposits, oxidative stress, and in-
flammation [5].

Coconut oil (CO) is extracted from coconut fruits
(Cocos nucifera) and represents a font of saturated fat
containing high levels of lauric acid, a medium chain fat-
ty acid [6]. In recent years, health professionals and lay-
people have disseminated uncertain information about
CO consumption to control MS and NASH. Those who
encourage CO supplementation argue that it provides
weight loss and cardiovascular protective effects [7].

The purpose of this review is to verify the effective-
ness and safety of CO in the control of MS and NASH,
with special attention to the possible unfavourable im-
pacts on human health, based on clinical and experi-
mental studies.
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CO and MS The damaging effects on the liver caused by CO con-
sumption are because the fact that CO is a medium
chain saturated fatty acid. This kind of fatty acid tends
to slightly increase circulating insulin levels and promote
lipogenesis due to insulin/glucagon imbalance. In addi-
tion, since medium chain, saturated fatty acids remain
in free form after absorption, without significant incor-
poration into the transport lipoproteins [23]; they can
be directly taken to the liver through the portal vein,
promoting an imbalance in lipogenesis and hepatic lipid
metabolism. These two mechanisms together make me-
dium chain saturated fatty acids potent agents in the in-
duction of hepatic steatosis, leading to oxidative stress
and inflammation [24]. In addition, lauric acid increases
LDL levels, since it plays a central role as a substrate for
apolipoprotein (apo) Al and apo B synthesis, which are
the key molecules in LDL particles [6].

Concerning about MS, previously, the medium-chain
saturated fatty acids, such as CO, has been associated
with cardiovascular protection mainly by augmenting
the HDL levels [8]. Lauric acid, a significant component
of CO, has been associated with a decrease in the ratio
of total cholesterol and HDL, suggesting that CO may re-
sult in a protective effect against the development of
cardiovascular diseases [9]. However, the ability of CO
to promote atherosclerosis through other pathways has
also been questioned [8]. Some studies indicate that ex-
cessive consumption of coconut oil may be associated
with the development of MS [6]. Moreover, recent stud-
ies associated diets containing CO with health damage,
mainly due to cardiovascular complications related to
the rising levels of LDL and VLDL and reduced HDL levels
[10,11]. In addition, the role of CO in controlling obesi-
ty and hepatic steatosis, a hepatic manifestation of MS, Another pathway that may be associated with hepat-
remains controversial [12]. In a study was observed that ic steatosis is the involvement of the intestinal micro-
a saturated fat diet containing CO increased the plasma  biota in the modulation of lipid metabolism. In detail,
triglyceride and free fatty acid levels in mice [13]. fat-rich diets have been linked to a differential impact of
lipid sources in intestinal microbiota populations [25].
Recently, Patrone, et al. (2018) evaluated the effects
of a high-fat diet with CO on the intestinal microbiota
of mice. They observed that mice supplemented with
CO showed a significant intestinal dysbiosis, which was
correlated with increased cholesterol, triglycerides,
weight gain, fatty tissue deposition and changes in lep-
tin expression [26]. Therefore, different mechanisms,
although correlated, may have participated in the li-
pid-metabolic changes that resulted in NASH observed
in our study.

A single clinical trial that compared the consump-
tion of extra-virgin coconut oil, butter and extra-virgin
olive oil showed that low-density lipoprotein choles-
terol (LDL) levels were significantly increased on but-
ter, when compared with coconut oil and with olive
oil, with no differences in change of LDL in coconut oil
compared with olive oil. Moreover, coconut oil signif-
icantly increased high-density lipoprotein cholesterol
(HDL) when compared with butter or olive oil. Further-
more, there were no significant differences in changes
in weight, BMI, central adiposity, fasting blood glucose,
systolic or diastolic blood pressure among any of the CO and Cardiovascular Effects
three intervention groups [14]. Nevertheless, the ma-
jority of randomized controlled trials show that the
intake or supplementation of coconut oil increases an
LDL and total cholesterol, besides to decreases an HDL
when compared with other vegetable oils [6].

After an extensive review of clinical trials, observa-
tional and epidemiological studies on the cardiovas-
cular impacts of CO consumption, Eyres, et al. (2016)
concluded that CO could raise cholesterol including LDL
and in some cases triglycerides levels, with values com-
CO and NASH parable to other saturated fats. Thus, the authors have
preconized that CO should not be viewed as a heart-
healthy food and should be limited in the diet [10]. After
this review, the American Heart Association also con-
ducted a study with controlled trials, wherein CO was
found to stimulate LDL levels, being able to thick arterial
walls resulting in damaging cardiovascular effects [11].
In accordance, the Brazilian Society of Endocrinology
and Metabology and Brazilian Association for the Study
of Obesity and Metabolic Syndrome stand against the

A recent study showed that virgin coconut oil asso- therapeutic use of CO for weight loss, considering such
ciated with a high-fat diet-induced to metabolic dys- conduct have no scientific evidence of efficacy and pres-
functions, adipose inflammation, and hepatic lipid ac- ent potential risks to the health, mainly cardiovascular
cumulation, with increased in a hepatic cholesterol and  damages [27].
triglycerides levels, besides of decreased in adiponectin
and leptin levels, with an augmented in tumour necro-
sis factor (TNF)-a levels and an intense oxidative stress Even though there is controversy regarding the ef-
[22]. ficacy of CO as a slimming agent, the use of CO has
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The literature remains contradictory about diets us-
ing CO and hepatic steatosis. Some studies have report-
ed the improvement of hepatic steatosis [15-17], while
others have demonstrated the induction or augment
of hepatic steatosis even without progression to NASH
with the use of CO in the diet [13,18-20]. There is also
a reference that the consumption of CO is incapable of
promoting NASH [21].

CO and Slimming
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become widespread among people who want to lose  This research was supported by CNPqg (fellowship to
weight. Moreover, CO effects of inducing weight loss  Sheila C. L. Sanches no. 160028/2012-4), FAPESP (pro-
remain controversial. There was described that the di- ject Grant no. 2008/01296-2) and FAEPA.

etary supplementation with CO in humans promotes a
reduction in abdominal obesity, but with a tendency to
increase insulin resistance [28,29]. CO also potentiated 1. Bugianese E (2005) Review article: steatosis, the meta-
the conjugated linoleic acid in lipolysis induction and Zgl_l:BSyndrome and cancer. Aliment Pharmacol Ther 22:
lipogenesis diminution in mice [30], resulting in weight '

loss [31]. On the other hand, an observational study in 2. Willqams T (2015) Metabolic Syndrome: Nonalcoholic Fat-
1981 reported that Pacific Island inhabitants in consum- ty Liver Disease. FP Essent 435: 24-29.

ing higher amounts of CO were heavier and presented 3. Byme CD, Targher G (2015) NAFLD: A multisystem dis-
subscapular skin folds major [32]. Recently, there was ease. J Hepatol 62: S47-S64.

showed that CO could not alter body weight, glucose 4. Brunt EM, Kleiner DE, Behling C, Contos MJ, Cummings
metabolism, liver triglyceride levels and transaminase OW, et al. (2011) Misuse of scoring systems. Hepatology

. 54: 369-370.
levels [12]. The current report indicates a lack of con-

sistent evidence on the coconut oil intakes or supple- - Rolo AP, Teodoro JS, Palmeira CM (2012) Role of oxida-

. . . . tive stress in the pathogenesis of nonalcoholic steatohep-
mentation, satiety, and weight loss. Given both the atitis. Free Radic Biol Med 52- 59-69.

publicity and the increased consumption of coconut oil, o 201
further research, particularly long-term clinical trials, in 6. Santos HO, Howell S, Earnest CP, Teixeira FJ (2019) Co-
conut oil intake and its effects on the cardiometabolic pro-

this area are warranted [7,33]. file - A structured literature review. Prog Cardiovasc Dis
62: 436-443.
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