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Abstract

Obesity is a worldwide public health problem. Obesity and adiposity are caused by different factors but many cases are as 
a result of overconsumption of high-fat diets. Fat and oil in the diets are made available to the body in form of fatty acids. 
Considering the degree of saturation, fatty acids can be classified into saturated fatty acids (SFA), monounsaturated fatty acids 
(MUFA) and polyunsaturated fatty acids (PUFA). There have been controversies as regards the consumption of different fats 
and oils, which is essential for the establishment of public health policies to control the prevalence of metabolic disorders in the 
global population. The purpose of this review is to examine data from different studies and dietary intervention performed in 
animal models, as well as humans with the consumption of coconut oil, soybean oil, lard and their link to obesity. In addition, it 
sheds light on the intracellular metabolism and the changes in gene expression caused by the different dietary fat, elucidating 
the sex differences in obesity. It also emphasizes the public health policies and the different nutritional recommendations 
associated to the consumption of dietary fats. Taken together, the different studies showed evidence that high intake of coconut 
oil, soybean oil or lard promotes obesity, adiposity and insulin resistance through changes in the expression of inflammatory 
genes in a sex-dependent manner. However, it was revealed that soybean oil is more obesogenic than coconut oil and lard.
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Abbreviations: BMI: Body Mass Index; DAG: 
Diacylglycerol; DGAT: Diacylglycerol Acyltransferase; 
HDL: High-Density Lipoprotein; HMGCR: 3-Hydroxy-
3-Methylglutaryl-CoA Reductase; IGF: Insulin-like 
Factor 1; LCFA: Long Chain Fatty Acids; LDL: Low-
density Lipoprotein; MAG: Monoacylglycerol; MGAT: 
Monoacylglycerol Acyltransferase; MCFA: Medium Chain 
Fatty Acids; MUFA: Monounsaturated Fatty Acids; PUFA: 
Polyunsaturated Fatty Acids; SCFA: Short Chain Fatty Acids; 
SFA: Saturated Fatty Acids; TAG: Triacylglycerol; WHO: 
World Health Organization.

Introduction

The global increase in the rate of obesity and its 
associated co-morbidities (diabetes and cardiovascular 
diseases) has been alarming overtime. In the year 2011, the 
rate of obesity reported was 1.46 billion overweight people 
(body mass index, BMI>25) [1]. Later on, the World Health 
Organization (WHO) reported approximately 1.9 billion 
individuals with overweight in 2017 in the world [2]. Given 
this scenario, obesity has been reported as a major global 
health issue [3], with approximately 3.4 million of deaths 
worldwide reported as a result of obesity [2]. Body mass 
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index is generally used to classify the different classes of 
obesity.

Factors contributing to obesity include genetics 
and environmental factors. However, the most relevant 
contributing factor is diet, which results in obesity from the 
number of calories intake and the origin of those calories. 
There is increasing evidence of the link between dietary 
fats and oils and obesity, with the first reports far back to 
four decades ago [4,5]. As a result of this link, nutritional 
guidelines were developed to encourage people to limit the 
intake of dietary fat especially saturated fatty acids but in 
recent times, some studies have been questioning these 
nutritional guidelines and these studies are encouraging 
the reconsideration of the nutritional guidelines [6,7]. 
Poudyal and Brown examined the effects of different 
dietary fatty acids on cardiometabolic risk factors and 
reported that there are contradiction between the chemical 
and the biological responses. In the review, dietary fatty 
acids was classified into five groups based on their effects 
on cardiometabolic risk, the group includes neutral, 
reduce one or more cardiometabolic risk factors, increase 
on or more cardiometablic risk factors [8]. Despite the 
high rate of production of coconut oil in Brazil, Brazilian 
domestic demand for coconut oil is met by additional 
imports from Philippines and Indonesia [9]. Brazilian 
domestic consumption of soybean oil in 2019 amounted 
to approximately 7.3 million metric tons. Comparing this 
to year 2010, there is an increase of over 40 percent in 
consumption [10]. Lard is included in this review basically 
because of the consumption rate in Brazil. Brazil is the 
third largest producer of Lard with 481 thousand tonnes 
produced annually [11]. The rationale for focusing on these 
three fat sources (coconut oil, soybean oil and lard) is that 
they are highly consumed in Brazil due to social, economic 
and cultural reason. Therefore, this review considers 
various studies, emphasizing coconut oil, soybean oil and 
lard consumption and its relationship to obesity and other 
metabolic disorders. Studies that discussed any of the three 
fat sources or compare two or the three fat sources and 
its link to obesity and other related metabolic disorders 
were reviewed. The studies were obtained from electronic 
databases Pubmed and Google scholar and we focus on 
studies involving animal models and human clinical trials. 
The intracellular metabolism of the different dietary fat, 
some approved drugs that inhibit or trigger the metabolic 
process and the changes in the gene expression after the 
intake of dietary fat were also discussed. Finally, an overview 
of the sex differences in obesity was also discussed.

An overview of Coconut oil, Soybean oil and 
Lard 

Coconut oil
The coconut (Cocos nucifera) tree, which is often 

referred to as ‘tree of life’, is an important food in some 
tropical countries. Coconut and its product (oil and milk) 
are used in such places to serve different purposes which 
include cooking, skin and hair treatment and medicine 
[12]. The cultivation of coconut is predominant in Asia 
representing about 84% of the global production in 2016. 
In the year 2020, Indonesia has been the largest coconut 
producing country with 17.72 million tons, and then 
Philippines (13.83 million tons), India (11.13 million tons), 
Brazil (2.65 million tons) and Sri Lanka (2.52 million tons) 
[13]. Coconut oil, which is the main product of coconut, has 
attracted recognition worldwide. Coconut oil is composed 
of the fatty acids, caprylic acid, C-8:0 (8%); capric acid, 
C-10:0 (7%); lauric acid, C-12:0 (49%); myristic acid, C-14:0 
(8%); palmitic acid, C-16:0 (8%); stearic acid, C-18:0 (2%); 
oleic acid, C-18:1 (6%); and 2% of C-18:2 linoleic acid. In 
total, coconut oil has 92% saturated fat. Some research 
and review articles as well as non-scientific blogs are 
encouraging the consumption of coconut oil due to claims 
that it has some health benefits which include cholesterol 
lowering effect, cardiovascular diseases risk reduction, 
weight reduction, action as an antimicrobial, antifungal 
and antiviral agent, immune system enhancement [12,14-
16]. In an attempt to market coconut oil based on the 
supposed health benefits, many producers and marketers 
put in their labels, allegations such as ‘good for cooking’ 
[17,18], ‘healthiest cooking oil’ [19]. In addition, coconut 
oil contain phytosterols which are reported to have some 
health benefits such as decrease in cholesterol absorption, 
reduction in low-density lipoproteins (LDL) and also its 
anti-inflammatory effects [20]. Martins and colleagues 
reported the presence of two phytosterols (stigmasterol 
and campesterol) in coconut oil [21].

With this recent development, the sales of coconut oil 
increased worldwide, as did so the consumption of coconut 
oil in the USA (34% from 2004 to 2014) [18]. However, 
with all this beneficial effects of coconut oil purported, high 
intake of coconut oil should be discouraged considering 
its saturated nature. The studies performed in the last 25 
years describing the main findings on induction of obesity 
and other related metabolic disorders through coconut oil, 
soybean oil and lard intake are summarized in Table 1. 
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Publications Experimental 
model Sex Duration Intervention Reported Effect

Coconut oil vs Soybean oil

Assunção et 
al. [30] Humans F 12 weeks

Daily dosage of 30 ml 
of either soybean oil or 

coconut oil.

The group that received soybean 
oil presented an increase in total 

cholesterol, LDL, and LDL:HDl 
ratio when compared to the 

group that received coconut oil. 
The group that received Coconut 

oil exhibited a reduction in 
waist circumference (abdominal 

obesity) when compared with the 
group that received soybean oil.

Ippagunta et 
al. [150] Mice (ICR ) M 52-54 days

Determination of the effects 
of conjugated linoleic acid 

in mice fed with coconut oil 
or soybean oil diets. Mice 
were fed diets containing 
soybean oil, coconut oil 
or fat free for 6 weeks 

followed by 10-12 days of 
conjugated linoleic acid 

supplementation.

It was observed that dietary 
conjugated linoleic acid induces 

lipolysis in adipose tissue of 
coconut oil-fed mice but not in 

soybean oil-fed mice.

Diaz-
Villasenor et 

al. [151]

Rats (Zucker 
(fa/fa)). M 8 weeks

Differential effects of the 
interaction of the type 

(coconut oil or soybean oil) 
and amount (5% or 10%) of 
fat with the type of dietary 

protein (casein or soy 
protein) on the functionality 

of white adipose tissue of 
Zucker (fa/fa) rats.

It was observed from the result 
that soybean oil (10% fat) reduced 

adipocyte size and decreased 
esterified saturated fatty acids 
in white adipose tissue when 

compared with coconut oil fed 
mice. The results also showed that 

the type and amount of dietary 
fat modify the activity of white 
adipose tissue even in genetic 

model of obesity.

Ippagunta et 
al. [152] Mice (ICR) M 52-56 days

Determination of the effects 
of conjugated linoleic acid 

(CLA) on soybean oil or 
coconut fed mice.

It was observed that coconut 
oil fed mice had greater fatty 

acid synthase and stearyl CoA 
desaturase 1 mRNA expression 
and less acetyl CoA carboxylase 
mRNA expression. It was also 

observed that sterol regulatory 
binding protein 1c was decreased 
by conjugated linoleic acid (CLA) 
in coconut oil (CO) fed mice and 
increased in soybean oil (SO) fed 
mice. It was reported that CLA-
induced lipolysis occurs more 

rapidly in CO vs SO-fed mice and 
lipogenesis is decreased in CO-fed 

mice.
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Deol et al. 
[38]

Mice 
(C57BL/6) M 32 weeks

Administration of series 
of isocaloric diets which 

include, soybean oil, 
coconut oil and fructose (40 
kcal% fat) to investigate the 
effects of saturated versus 
unsaturated fat, as well as 
fructose, on obesity and 

diabetes

It was observed that soybean oil is 
more obesogenic and diabetogenic 

than coconut oil and fructose in 
mouse.

Patrone et al. 
[153]

Mice 
(C57BL/6N) M 8 weeks

Examination of the diversity 
and metabolic capacity 

of the cecal bacterial 
community in mice after 

the administration of either 
coconut oil or soy oil

The study shows significant 
differences in cecal predictive 

functions of mice. These 
differences can be linked to host 

lipid metabolism and energy 
storage and this give an insight 

to the role of gut microbiota 
contributing to metabolic 

disorders

Olivares-
Garcia, et al. 

[154]

Rats (Sprague-
Dawley) M 21 days

Assessment of the 
postprandial regulation 
of adipokine secretion 
in nonobese rats that 

consumed high-fat diet 
(HFD) composed of 
different types of fat 

(coconut oil, safflower 
oil or soybean oil). The 

serum concentrations of 
adiponectin, leptin, retinol-
binding protein-4 (RBP-4), 
vistatin and resistin were 
determined at fasting and 

after refeeding. Adiponectin 
multimerization, 

intracellular localization, 
expression of endoplasmic 
reticulum (ER) chaperons 

and transcriptional 
regulators were evaluated 

in epididymal white adipose 
tissue

It was observed that; with coconut 
oil, all the three multimeric forms 

were reduced; with safflower 
oil, only the high-molecular-
weight (HMW) and medium-

molecular-weight (MMW) 
forms were reduced; and with 

soybean oil, only the HMW form 
was decreased. As a result of all 
these reduction noticed, it was 

reported that consumption of any 
of these oils differentially affect 
the abundance of ER resident 

protein 44 kDa (ERp44), sirtuin 
1 (SIRT 1) and peroxisome 

proliferator-activated receptor-γ 
(PPARγ) all of which has been 

linked to obesity and are involved 
in post-translational processing 
of adiponectin required for its 

secretion.

Feranil et al. 
[155] Humans F 22 years

Examination of the 
association between 

coconut oil consumption 
and lipid profiles in 1,839 

Filipino women

It was reported that dietary 
coconut oil intake was positively 

associated with HDL-c levels
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Kinsella et al. 
[156] Humans

F = 18
Administration of 25g 
of either coconut oil or 

medium chain triglycerides 
oil to 24 persons

It was observed that coconut 
oil promoted a smaller satiety 

compared with the medium chain 
triglycerides oil. The MCT oil 

group had a reduced food intake 
throughout the day compared with 

the group that received coconut 
oil.

M = 6

T = 24

Deol et al. 
[157]

Mice 
(C57BL/6N) M 24 weeks

Assessing the linked of 
soybean oil and coconut oil 
to obesity and investigating 

the dysregulation of 
hypothalamic gene 
expression and the 

oxytocinergic system. Male 
mice were fed with one of 

coconut oil (40% fat, HFD), 
soybean oil high in linoleic 

acid, LA (40% fat, HFD), low 
LA soybean oil.

It was observed that the 
soybean oil diets (both high and 

low linoleic acids, LA) causes 
alterations in hypothalamic Oxt 
and plasma oxytocin, however 

these alterations were not 
observed in the group fed with 
coconut oil. It was postulated 
that LA is not responsible for 

the effects of soybean oil diets 
on oxytocin. It was noted that 

soybean oil is more obesogenic 
than coconut oil. It was also 

reported that given the presence 
of soybean oil in the American 

diet, its observed effects on 
hypothalamic gene expression 

could have important public health 
ramifications.

Soybean oil vs Lard

Ikemoto et al. 
[60]

Mice 
(C57BL/6J) F 19 weeks

Comparing the differential 
effects of palm oil, lard, 

rapeseed oil, soybean oil, 
safflower oil and tuna fish 

oil in mice. Mice receive 
each of these as high-fat-

diet (60%).

The body weight induced by the 
different diet in the following 

order; soybean oil > palm oil ≥ lard 
≥ rapeseed oil ≥ safflower oil ≥ 

perilla ˃ fish oil. It was confirmed 
from this study that high intake of 

soybean oil leads to obesity and 
also a risk factor for dysregulation 

of glucose tolerance.

Wang et al. 
[66]

Rats (Sprague-
Dawley) M 8 weeks

Differential effects of 
high-fat-diet rich in lard 

oil or soybean oil on 
osteopontin expression and 

inflammation of adipose 
tissue in diet induced obese 

rats. Rats were fed with 
either lard or soybean oil 
and later switched to low-

fat diet.

It was observed that reducing 
lard oil with soybean oil in high-
fat diets or reducing it alleviates 

obesity-related inflammation and 
insulin resistance by attenuating 
the upregualtion of osteopontin 
and macrophage infiltration into 

adipose tissue induced by high-fat 
diet.
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Zhao et al. 
[158]

Rats (Sprague-
Dawley) M 18 weeks

Investigation of the effects 
of high-fat-diet enriched 
with lard oil or soybean 
oil on liver endoplasmic 

reticulum (ER) stress and 
inflammation markers in 
diet-induced obese (DIO) 

rats and estimation of 
the influence of following 
low-fat diet feeding. Lard 

oil and soybean oil are 
used to induce obesity and 

their deleterious effects 
considered.

It was observed that the markers 
of ER stress were significantly 
increased in rats fed with high 
lard compared to high soybean 

oil and low-fat diets. It was 
reported that switching to 

low-fat diet reduced liver fat 
deposition. From the results, it 

was reported that high intake of 
lard oil, soybean oil and low-fat 
diet induced obesity. However, 

lard oil was more deleterious in 
insulin resistance and hepatic 

steatosis via promoting ER stress 
and inflammation responses in 

DIO rats. It was also reported that 
low-fat diet was confirmed to be 

useful in recovering from impaired 
insulin sensitivity and liver fat 

deposition.

Wang et al. 
[159]

Mice 
(C57BL/6J) M 12 weeks

Evaluating the anti-obesity 
effect of a traditional 

Chinese dietary habit. Mice 
were repeatedly fed with 

3.8% or 6.5% of either 
soybean oil, lard or the oil 

blended by both.

It was observed in this study that 
oil mixture containing lard and 

soybean oil had a remarkable anti-
obesity effect which suggests that 
the Chinese dietary habits of using 
oils blended with lard and soybean 

oil might be responsible for the 
lower percentages of overweight 

and obesity in China.

Henkel et al. 
[62]

Mice 
(C57BL/6) M 20 weeks

Examining the effect of 
soybean oil and lard on 
nonalcoholic fatty liver 
disease (NAFLD) and 

nonalcoholic steatohepatitis 
(NASH) which are hepatic 

manifestations of the 
metabolic syndrome. 

Western diet containing 
either soybean oil 

(25g/100g n-6-PUFA) or 
lard (21g/100g).

It was reported that soybean oil 
induced steatosis, inflammation 

and fibrosis accompanied by 
hepatic lipid peroxidation and 
oxidative stress in livers of the 

mice, which in addition showed 
increased weight gain and 

insulin resistance. Also, lard and 
supplemented fructose in drinking 
water resulted in more prominent 
weight gain, insulin resistance and 

hepatic steatosis.
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Bezan et al. 
[50] Rats (Wistar) M 30 days

Evaluating the 
consequences of a high dose 

of conjugated linoleic acid 
in rats fed with a normal 

low fat or a high fat diet. 4 
different group of mice were 

fed with either soybean 
oil (7% fat), mixture of 

soybean oil (4% fat) and 
conjugated linoleic acid (3% 
fat), lard (45% fat), mixture 

of lard and conjugated 
linoleic acid (3% fat).

It was observed that both 
conjugated linoleic acid group 
developed insulin resistance 

after 30 days with an increase 
in glucose in the fasting state 

and in an insulin tolerance 
test. The groups that received 

the conjugated linoleic acid 
had increased liver weight and 

percentage of saturated fatty acids 
in the liver and adipose tissue. It 
was concluded that high dose of 
linoleic acid mixture increases 

insulin resistance and exacerbates 
hepatic steatosis when combined 

with high fat diet.

Gondim et al. 
[63] Rats (Wistar) M 16 weeks

Evaluating the effect of the 
consumption of different 

levels and sources of lipids 
on metabolic parameters 

of Wistar rats. Animals 
were fed with high-fat 
diet containing 20% of 
lard to cause metabolic 

obesity. Animals were then 
divided into groups and 
were fed diets with lipid 

concentration of 5% or 20% 
of either lard, soybean oil or 

fish oil.

It was confirmed that the groups 
that consumed fish oil showed 

less weight gain and lower 
serum levels of triacylglycerol, 

total cholesterol, aspartate 
aminotransferase activity, 

atherogenic index, less amount of 
fat in the carcass. It was concluded 

that fish oil intake was able to 
modulate positively the metabolic 

changes resulting from high fat 
diets

Tung et al. 
[160]. Mice (ICR) F 12 weeks

Menopause is associated 
with changes in body 
composition (decline 
in lean body mass and 
an increase in total fat 

mass), leading to obesity, 
metabolic syndrome, 

nonalcoholic fatty liver 
disease and heart disease. 
This study investigate the 
effect of long-term feeding 
of edible oils (soybean oil 

(SO), tea seed oil (TO), and 
lard oil (LO)) on female 

ovariectomized (OVX) mice.

It was observed that the body 
weight and relative tissues of 

UFP (uterus fatty peripheral) and 
total fat (TF) were significantly 
decreased in the OVX+TO group 
compared with the OVX+SO and 
OVX+LO groups. Also, mice that 

were fed with HFD rich in TO 
showed decreased accumulation of 
liver lipid droplets and adipocyte 
sizes of UFP compared with those 

fed with HFD rich in SO or LO. 
This reveals that SO and LO induce 
obesity and increase accumulation 

of liver lipid droplets.
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Gao et al. 
[161] Mice (ICR) M 3 weeks

Evaluating the effects of 
common oils on carbon 

tetrachloride induced liver 
fibrosis. Healthy male 

mice were administered 
with carbon tetrachloride 

intraperitoneally at 2.5 ml/
kg twice a week and the 

mice were pre-treated with 
olive oil, soybean oil, corn 

oil or lard oil.

It was discovered that soybean oil 
or olive oil significantly reduced 

alanine aminotransferase and 
aspartate aminotransferase 

levels in the serum and 
malondialdehyde, hydroxyproline 
and triglycerides in the liver when 
compared with corn oil or lard oil. 
It was concluded that soybean oil 
but not corn oil or lard oil exerts 
protective effects against carbon 

tetrachloride-induced liver fibrosis 
in mice, probably because of its 

antioxidant activity.

Yan et al. 
[162]

Mice 
(C57BL/6) M 12 weeks

Assessing the effects of 
a mixture of lard and 
vegetable oil on lipid 

metabolism. Mice were 
divided into 5 groups and 
each group were fed with 
either lard, sunflower oil, 
soybean oil, lard blended 
with sunflower oil or lard 
blended with soybean oil.

It was observed that the final body 
weights of mice in the lard group 

were significantly higher. Body 
fat and volume of fat cell were 
significantly higher in the lard 

group compared to others. It was 
concluded that lard diet induced 

accumulation of body fat, live, 
serum lipids which can increase 
the risk of obesity. Differential 
oil and fats have an impact on 

differential aspects in mouse lipid 
metabolism.

Soybean oil vs coconut oil vs lard

Bueno et al. 
[163]

Mice 
(C57BL/6) M

2 days 
(acute) 
60 days 

(chronic)

Evaluation of the effects of 
four different high-fat diets 

(enriched with soybean 
oil, fish oil, coconut oil, 
or lard) on adiponectin 

gene expression and 
secretion by the white 

adipose tissue (WAT) of 
mice fed on a selected 
diet for either 2 (acute 
treatment) or 60 days 

(chronic treatment). 3T3-L1 
adipocytes were treated 

for 48 h with six different 
fatty acids: palmitic, linoleic, 

eicosapentaenoic (EPA), 
docosahexaenoic (DHA), 

lauric or oleic acids.

It was reported that the same 
reduction in levels of adiponectin 

gene expression was observed 
in epididymal adipose tissue of 
animals chronically fed soybean 
oil and coconut diets and 3T3-
L1 cells treated with palmitic, 
linoleic, EPA and DHA acids. It 

was also reported that the effects 
appear to be time dependent as it 
was only observed in chronically 

fed (60 days) soybean oil and 
coconut oil. It is postulated in this 
study that the downregulation of 

adiponectin expression by dietary 
enrichment with soybean oil or 

coconut oil may contribute to the 
development of obesity, insulin 
resistance and atherosclerosis.

Table I: Reported effects of coconut oil, soybean oil and lard intake relating to the induction of obesity and other metabolic 
disorders.
M-male, F-Female, T-Total, *LDL-c – Low-density lipoprotein cholesterol, *HDL-c – High-density lipoprotein cholesterol, *PUFA 
– Polyunsaturated fatty acid, *MCT – Medium chain triglycerides, *NASH – Nonalcoholic steatohepatitis, *NAFLD – Nonalcoholic 
fatty liver disease, *TC – Total cholesterol, *TG – Triglyceride. 
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Regarding coconut oil or isolated medium chain fatty 
acids (MCFA), studies have shown their beneficial effects 
on energy metabolism [22-24], fat oxidation [25,26], food 
intake [27,28], and others even showed no harmful effects 
on serum cardiometabolic risk markers [29-32]. Contrarily, 
other studies have shown the negative effects on lipid 
metabolism [33]. Poppitt and colleagues together with 
Kovacs and colleagues suggested a negative effect on food 
intake and satiety [34,35]. Eyres and colleague reported that 
the consumption of saturated fatty acids is positively linked 
with increased low-density lipoprotein (LDL) cholesterol 
and also the development of cardiovascular diseases [36].

Considering calorie intake, calorie intake plays a vital 
role in diet-induced-obesity (DIO). Dauqan et al. [37] 
investigated the effect of coconut oil on weight gain and 
antioxidant enzymes activity in rat liver. Spraque-Dawley 
rats were fed with either normal pellets (containing 4 kcal%) 
or normal pellets together with coconut oil (containing 15 
kcal%) for 4 and 8 weeks. It was observed that there was no 
significant difference in the weight, and also there was no 
significant difference in the superoxidize dismutase (SOD) of 
the control group and the treated group. However, Deol and 
colleagues demonstrated that 40 kcal% total fat from coconut 
oil induce significant increase in weight gain and adiposity 
of C57BL/6 male mice [38]. In addition Gunasekeran et al. 
[39] demonstrated that 35 kcal% fat of coconut oil did not 
only induce overweight in CD1 female mice when expose for 
6 weeks but also have an impact on the developing embryo. 
It was observed that coconut oil causes low body weight in 
the embryo and affect infant growth and appearance. In a 
randomized controlled trial, Valente et al. [40] investigated 
effects of coconut oil consumption on body weight, energy 
metabolism and cardiometabolic risk markers. In this study, 
15 adult women were given 25mL of coconut oil daily for 1 
week, it was observe that coconut oil induces obesity but 
did not change energy metabolism and cardiometabolic risk 
markers. However, Chinwong and colleagues performed 
a randomized crossover trial in young healthy adults by 
administering 30mL of coconut oil to participants daily for 
24 weeks. It was reported that daily consumption of 30mL 
coconut oil induces obesity and also significantly increased 
high-density lipoprotein cholesterol [41].

Soybean oil
Soybean oil is gotten from the seed of Glycine max and it 

is edible [42]. Up till the year 2020, soybean oil production 
globally amounts to 56.52 million metric tons and China is the 
leading soybean oil producing country (15.5 million metric 
tons), followed by United States (11.0 million metric tons), 
Argentina (8.7 million metric tons) and Brazil (8.4 million 
metric tons) [43]. It is commonly used in food processing, 
salad preparation, snacks preparation and it is the most 
commonly used oil in many restaurants and cafeteria [44]. 

Soybean oil contains more of polyunsaturated fatty acids as 
shown in Table 2 and Figure 1.

Fatty acids (%) CO* SO* Lard
Butyric C4:0 - - -
Caproic C6:0 0.5 - -
Caprylic C8:0 7.8 - -
Capric C10:0 6.7 - -
Lauric C12:0 47.5 - 1.7

Myristic C14:0 18.1 - -
Palmitic C16:0 8.8 10 26
Stearic C18:0 2.6 4 16.5

Palmitoleic C16:1 - - 2.3
Oleic C18:1 6.2 23 36.6

Linolenic C18:2 1.6 51 11.3
α-Linolenic C18:3 - 7 0.7
Arachidic C20:0 0.1 - 0.2
Behenic C22:0 - - 0.2
Gadoleic C20:1 Traces - 0.8

Others - 5 3.6
Sterol composition

Cholesterol 1.8 1

Brassicasterol 0.45 0.15

Campesterol 7.2 20

Stigmasterol 10.5 17.5

β-sitosterol 35.2 54.6

D5-Avenasterol 27.8 2.8

D7-Stigmasterol 1.5 3.3

Table 2: Fatty acids and components of coconut oil, soybean 
oil, lard and other major vegetable oil.

 It is also a good source of compounds which includes 
sterols, flavonoids and tocopherols [45]. Soybean oil 
contains phytosterols such as brassicasterol, egrosterol, 
campesterol, campestenol, stigmasterol, β-sitosterol, 
cycloartanol, cycloartenol and methylene cycloartanol [46]. 
However, soybean oil is a rich source of omega-6 fatty acids 
with an omega-6/omega-3 ratio (8:1) which is not healthy. 
Simopoulos reported that increase in omega-6 and decrease 
in omega-3, such as the ratio we have in soybean oil is linked to 
overweight or obesity [47]. Soybean consumption increases 
as a result of the initial nutritional recommendation that 
people should limit the intake of saturated fat and increase 
their intake of diets rich in polyunsaturated fat [48,49]. In 
fact, the United States recorded >1000% increase in the 
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consumption of soybean oil from 0.01 to 11.6kg/year/capital 
between 1909-1999 [50]. Nevertheless, the recommendation 
is valid till today and this has led to daily increase in the 
consumption of soybean oil. In 2015, the Food and Drug 
Administration (FDA) ordered that trans fat were not safe to 
eat and gave the food-makers three years to get rid of trans 
fat from the food supply. However, in June 18, 2018, trans fat 
were totally eliminated and this also lead to increase in the 
consumption of soybean oil.

There has been little attention as regards soybean 
oil been linked to obesity because the assumption is that 
polyunsaturated fatty acids are good. As a result of this 
assumption, it has attracted fewer studies. The fewer 
studies available have a contrasting result in which some 
linked soybean oil to obesity and metabolic syndrome while 
others only linked it to only metabolic syndrome [51,52]. 
Experimental studies in mice have shown an interesting 
result as to whether soybean oil induces obesity/diabetes 
or not [38, 51,53-56]. Lee and colleagues discovered that 
there was no significant difference in the body weight 
when female obese Zucker rats were fed with soybean oil 
(control) and a mixture of tricaprylin and soybean oil, this 
can be as a result of both having similar total fatty acids 
composition [57]. Sena and group linked soybean oil to 
diabetes [51]. They evaluated the effect of soybean oil on 
glycaemic control in Goto-Kakizaki male rats, an animal 
model of type-2 diabetes. It was discovered, after soybean 
oil treatment, higher α-tocopherol levels, suggesting a 
positive soybean oil effect on treating type-2 diabetes [51]. 
Soybean oil has also been proven to have high amount of 
coenzyme Q.

Considering calorie intake, Costa et al. [54] investigated 
intra-abdominal adiposity and insulin resistance in Wistar 
rats fed with either 7mL or 19mL of soybean oil immediately 
after weaning for 60 days. It was reported in this study that 
there is a differential effect as a result of the differences in 
amount of soybean oil used in the study. Though, both groups 
of rats had an increased body growth and fat depots but the 
group that received 19mL in addition had insulin resistance. 
However, Deol and colleagues reported that there was 
significant greater weight gain after soybean oil (40 kcal%) 
were given to C57BL/6N mice for 8 weeks when compared 
to the control high fat diet which comprised of coconut oil 
[58]. In addition, Bezan et al. [59] performed an experiment 
evaluating the differential effect of normal low-fat or high-
fat diet. Male Wistar rats received either 7 kcal% (soybean 
oil) or 45 kcal% (lard) It was observed that after 30 days of 
exposure, the male mice on the low-fat diet (7 kcal% soybean 
oil) did not develop insulin resistance and also reduced 
weight when compared with the group that received 45% fat 
(lard).

It was discovered that soybean oil induced hyperglycemia 
and obesity in female mice after daily intake of soybean oil for 
19 weeks [60]. In fact, it was reported in the experiment after 
comparing soybean oil with other oils, body weight changes 
induced by the different oil as follows: soybean oil > palm oil 
≥ lard ≥ rapeseed oil ≥ safflower oil ≥ perilla ˃ fish oil. It was 
confirmed that high intake of soybean oil led to obesity and 
was also a risk factor for dysregulation of glucose tolerance 
[60]. Deol and colleagues carried out an experiment and 
compared soybean oil, coconut oil and fructose to evaluate 
which one of it is most obesogenic and diabetogenic [38]. In 
their study, the male mice were divided into groups and fed 
either with soybean oil, coconut oil or fructose. It was observed 
that the soybean oil fed group showed a significant increase 
in body weight, adiposity, diabetes, glucose intolerance and 
insulin resistance when compared to the group with coconut 
oil or fructose experimental groups. It was suggested that the 
intake of soybean oil was more obesogenic and diabetogenic 
than coconut oil and fructose and thus the consumption of 
soybean oil was more detrimental to metabolic health. Other 
studies have confirmed this results, it has been established 
that the intake of soybean oil is associated with obesity and 
fatty liver [38,52,55,61-63].

It should be noted that high ratio of dietary n-3/n-6 
polyunsaturated fatty acids improves obesity-linked 
inflammation and insulin resistance. Liu et al. [64] conducted 
an experiment comparing high n-3/n-6 PUFA ratio (1:1, 
PUFA) and low n-3/n-6 PUFA ratio (1:4, PUFA). In this 
study, Sprague-Dawley male rats were exposed for 16 weeks 
receiving diets containing either of the PUFA ratio. It was 
observed that PUFA (1:1) diet-fed rats had decreased body 
and visceral fat weight, improved glucose tolerance and 
were insulin sensitive when compared with the low n-3/n-6 
PUFA ratio. It was reported that high n-3/n-6 PUFA (1:1) diet 
plays a role in preventing obesity and metabolic disorders by 
suppressing the activation of TLR4 [64]. However, the ratio 
omega-6 to omega-3 in soybean oil is 8:1, this shed more 
light on the link of soybean oil to obesity.

Lard
Lard is a white fat product derived from the adipose 

tissue of pigs, which is different from tallow (similar product 
obtained from cattle or sheep). It is composed of the fatty 
acids, lauric acid, C-12:0 (1.7%); palmitic acid, C-16:0 
(26%); stearic acid, C-18:0 (16.5%); arachidic acid, C-20:0 
(0.2%); Behenic acid, C-22:0 (0.2%); palmitoleic acid, C-16:1 
(2.30%); elaidic acid, C-18:1 (36.6%); linoelaidic acid, C-18:2 
(11.3%); linoleic acid, C-18:3 (0.70%); gadoleic acid, C-20:1 
(0.8%); and others (3.6%).

 In 2018, global lard production was about 6.5 million 
tonnes which increase by 2%, when compared to the 
previous year [11]. China is the country with the largest 
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production of lard (2.6 million tonnes), followed by Germany 
(653 thousand tonnes) and Brazil (481 thousand tonnes) 
[11]. As regards to the concentration of fatty acids, lard is 
rich in monounsaturated and saturated fat, but contains little 
of polyunsaturated fat, as shown in Figure 1.

Figure 1: Fatty acids composition of coconut oil, soybean 
oil and lard.

 It is a popular ingredient in many kitchen and cafeteria, 
as cooking fat. It can also be used to produce biofuel and 
soap. Lard, together with other fat from animals, was initially 
used in industrial fermentation processes (brewing) as anti-
foaming agents [65]. In China, it is one of the most common 
cooking-oils, and great effects on diuresis, blood clearance, 
blood circulation activation and detoxification have already 
been reported [66]. Studies have shown that high lard intakes 
were linked to increase in adiposity, insulin resistance which 
in turn led to the development of obesity [66-69]. As a result 
of its high contents of monounsaturated and saturated fatty 
acids, there have been debates over the consumption of 
lard, considering the beneficial and the negative effects on 
biological systems. There is evidence that high lard intake 
was linked to increase in adiposity, insulin resistance which 
in turn leads to the development of obesity. Kubeck et al. 
[69] discovered that the intake of cholesterol-rich lard-
based high-fat diet together with its interaction with gut 
microbiota induced obesity in male mice. It was suggested in 
this study that dietary cholesterol is a candidate ingredient 
that alters the crosstalk between gut microbiota and host 
metabolism. Wang et al. [66] performed an experiment to 
evaluate the differential effects of lard and soybean oil on 
osteopontin expression and inflammation of adipose tissue 
in diet-induced obese male rats. From their results, it was 
suggested that the replacement of lard by soybean oil in 
diets could reduce obesity-related inflammation and insulin 
resistance by decreasing the upregulation of osteopontin 
and macrophage infiltration, caused by high fat diets. 
Similarly, Matias et al. [70] also performed an experiment 
evaluating the differential effects of high sugar and high lard 

and the combination of both on nutritional, hormonal and 
cardiovascular parameters in rodents. From their results, 
it was reported that lard and the combination of both lard 
and sugar diet induced obesity. Different studies have also 
confirmed that lard promotes obesity by increasing the 
body weight and adipose tissue and also causing glucose 
metabolism changes and metabolic syndrome [71-73].

Considering calorie intake, Shao et al. [74] conducted 
an experiment in which male Sprague-Dawley rats were fed 
with either normal diet (100% standard rodent chow (3.49 
kcal/g)) or high-fat lard diet (85% standard rodent chow 
supplement with 15% Lard (4.14 kcal/g)) for 6 weeks. It was 
reported that dietary high fat lard intake induces abnormal 
morphology and thyroid dysfunction in rats. Gondim and 
colleagues evaluated the effect of the consumption of lards 
on metabolic parameters in Wistar rats. In this study, Wistar 
rats were fed with either high-fat diet containing 20% of 
Lard or the control diet for 12 weeks. It was observed that 
daily lard consumption induces metabolic obesity [63]. In 
addition, Emelyanova et al. [75] conducted an experiment 
to determine the impact of high calories and fat content in 
diet on obesity, cardiac structure. In this study, C57BL/6J 
male mice were fed with high calorie, high lard fat-based 
diet (60% fat) or low calorie and fat diet (12% fat) for 10 
weeks. It was observed that the group of mice fed with high 
lard fat-based diet had higher body weight, ventricular mass 
and thickness of posterior and septal wall when compared 
to the low-calorie and fat diet fed mice. It was observed that 
the higher body weight was as a result of excessive calories 
consumed.

Intracellular Metabolism and Biochemistry

Soybean oil is a rich source of omega-6 fatty acid with 
an unbalanced omega-6/omega-3 ratio (8:1), it has been 
reported that this unbalance ratio that favor omega-6 is 
highly prothrombotic and proinflammatory which revealed 
its linked to obesity, diabetes and atherosclerosis [76,77]. 
Omega-6 fatty acids are the linoleic acid (LA, 18:2ω-6) while 
omega-3 fatty acids are the α-linolenic acid (ALA, 18:3ω-3). 
The difference between the two is based on the location of the 
first double bond. The metabolism of LA leads to arachidonic 
acid (AA, 20:4ω6) while ALA metabolized to eicosapentaenoic 
acid (EPA, 20:5ω3) and docosahexaenoic acid (DHA, 22:6ω3). 
In humans, haplotype D aids the production of AA and EPA 
from LA and ALA respectively. Fatty acid desaturase 1 and 
2 (FADS1 and FADS2) also helps in fatty acid metabolism 
(47).In mammalian cells, Omega-6 fatty acids cannot be 
converted to omega-3 fatty acids as a result of lack of omega-3 
desaturase (converting enzyme). Omega-3 and omge-6 fatty 
acids are metabolically and functionally different and hence 
their balance is very important in diet. In soybean oil, there is 
an imbalance in the ratio of omega-6 and omega-3 (8:1) and 
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this affect the biosynthesis and increase the risk of diseases 
of inflammation such as obesity and cancer.
 

The absorption of lipids has some interesting hallmark. 
First and foremost, digestion of lipids occurs in the lumen 
before it enters the enterocytes. Secondly, many of the 
lipids congregate into lipoproteins which are primarily 
called chylomicrons [78]. The chylomicrons are secreted 
into intercellular space, diffused into the lamina propria, 
moved to the lacteals and finally reach the lymphatic system. 
However, the intracellular metabolism of fatty acids occurs in 
either of the two pathways which are the monoacylglycerols 
(MAGs) pathway or the portal route. In the MAGs pathway, 
the long chain fatty acids (LCFAs) (≥ 16 carbons) get as far 
as the endoplasmic reticulum membrane where they are 
re-synthesized into triacylglycerols (TAGs) [79]. In contrast, 
the short chain fatty acids (SCFAs) and medium chain fatty 
acid (MCFAs) (6-12 carbons) avoid the MAG pathway, being 
transported to the liver for rapid oxidation through the portal 
circulation [80].

Our focus in this section is the intracellular metabolism of 
coconut oil, soybean oil and lard. Coconut oil is a good source 
of MCFAs and it follows the portal route. However, soybean oil 
and lard are quality source of long chain fatty acids (LCFAs) 
which implies that they both follow the MAG pathway. In the 
MAG route, the MAGs are esterified with fatty acyl-CoA in 

a step by step process to form diacylglycerols (DAGs), this 
process is catalyzed by monoacylglycerol acyltransferases 
(MGATs). TAGs are also formed from DAGs and this process 
is catalyzed by diacylglycerol acyltransferases (DGATs).

MGAT are highly expressed in the small intestine and 
are classified in the following subtypes; MGAT1, MGAT2. 
The MGAT2 subtypes are present in the intestine of mice 
and human while MGAT3 are only present in the intestine 
of humans [81,82]. MGAT2 plays a critical role in the 
esterification of MAGs. Nelson and colleagues performed 
a study involving intestine specific MGAT2 null mice, and 
reported reduced uptake and esterification of MAGs and 
delayed fat absorption [83]. DGAT enzymes help in converting 
DAGs to TAGs. There are majorly two types which are DGAT1 
and DGAT2. DGAT2 has been proven to be more important 
than DGAT1. As reported by Smith et al. [84] and also Chen 
et al. [85], Dgat1-knockout mice have no deficiency in fat 
absorption. However, report from Stone et al. [86] showed 
that Dgat2 knockout mice reveal total absence of fat and 
die shortly after birth. Moreover, MGAT2 and DGAT1 
have shown protective effects against diet-induced obesity 
and related metabolic conditions. Some drugs such as 
cholestyramine, orlistat, lomitapide, PF-04620110, JTP-
103237 have been identified as inhibitors of lipids digestion 
and absorption because they act as lipase, MTP, DGAT and 
MGAT inhibitors (Table 3).

Publication Drug Class (Examples) Mechanism Report

Hofmann et al. 
[167]

Bile acid sequestrant 
(cholestyramine)

reduce bile acid pool size and 
increase hepatic bile acid 

synthesis from cholesterol

Approved as LDL lowering therapy in 
humans

Heck,et al. [168] Lipase inhibitor (orlistat) Inhibits gastric and pancreatic 
lipases to impair TAG Digestion Approved for obesity treatment in humans

Rizzo et al. [169] MTP inhibitor 
(lomitapide)

Inhibits MTP large subunit 
to impair lipid transfer for 
chylomicron assembly and 

lipidation

Lomitapide approved as LDL lowering 
therapy in homozygous familial 

hypercholesterolaemia in humans

Dow et al. [170] DGAT1 inhibitor (PF-
04620110)

Inhibits enterocyte DGAT1 to 
impair TAG re-esterification 

and absorption

Effective in treating obesity induced 
through diet and associated diabetes.

Okuma et al. 
[171]

MGAT2 inhibitor (JTP-
103237)

Inhibits enterocyte MGAT2 to 
impair TAG re-esterification 

and absorption

Effective in treating obesity induced 
through the diet and associated diabetes.

Table III: Some inhibitors of lipids digestion and absorption.

Contrarily, in case of coconut oil, because they are good 
quality source of MCFAs, they bypass the MAG pathway and 
the fatty acids are conveyed to the liver from the portal blood. 
They are transported with albumin in the blood directly. In 
addition, one of the merits of this type of fat is that it has 
the ability of being absorbed quantitatively in the intestinal 

lumen with reduction in lipase activity. They do not go 
through processes like degradation and re-esterification [87] 
and this make them unique compared to the long chain fatty 
acids. It has been said that coconut oil has some thermogenic 
effects and also help in high density lipoprotein cholesterol 
(HDL-c) improvement [88,89]. This report is based on the 
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fact that coconut oil can undergo faster absorption and can 
be metabolized quickly, compared to other fatty acids [42]. 
The speed of absorption and metabolism are influenced 
because it is partly independent of the cartinine transport 
mechanism and it is rapidly oxidized for energy production 
[90].

Changes in Gene Expression

There have been reported cases of changes in gene 
associated with obesity and also dysregulation in the genes 
associated with cancers after coconut oil, soybean oil and 
lard consumption. Gene that has been dysregulated after 
the consumption of coconut oil is the HMGCR (3-hydroxy-
3-methylglutaryl-CoA reductase). HMGCR bring about the 
biosynthesis of cholesterol which has been reported to 
reduce the risk of cardiovascular disease [91,92]. Study 
carried out by Liu et al. [93] showed dysregulation in HMGCR 
gene after the intake of coconut oil which alters the statin 
mechanism and tends to have a negative effect. Cyp7a1 
(Cytochrome P450 Family 1 Subfamily A Member 1) play a 
significant role in the degradation of cholesterol to bile ducts. 
Dysregulation of this gene resulted in hypercholesterolemia, 
leading to cardiovascular disorder [94].

The fatty acid translocase Cd36 helps in the absorption 
of free fatty acids, playing a vital role in hepatic steatosis 
[95]. Moreover, fatty acid binding protein Fabp4, which links 
obesity induced by diet to insulin resistance, plays a significant 
role in maintaining hepatic metabolic balance [96,97]. Deol 
et al. [38] described an increase in the level Cd36 and Fabp4 
after the intake of soybean oil in a group of mice. Fatty acid 
binding protein 5, Fabp5, helps in the prevention of lipid 
dysregulation and also helps in detoxifying free fatty acids 
[98]. It was observed in the experiment carried out by Deol 
et al. [38] that there was a three-fold decrease in this gene 
when compared to the control group. Studies also showed an 
increase in Igfbp1, a regulator of Insulin-like growth factor 1 
(IGF1) after the intake of soybean oil by mice. Ooi et al. [99] 
has earlier reported that increase in the hepatic expression 
of Igfp1 is linked to diabetes. There is evidence that soybean 
oil causes dysregulation in hepatic cytochrome P450 (Cyp) 
genes, causing a decrease of Cyp7b1 expression in mice after 
the intake of soybean oil [38,100], which helps in converting 
cholesterol to bile acids [101].

According to Deol et al. [38], about 31 genes attributed 
to inflammation were dysregulated after mice were fed with 
either soybean oil or coconut oil. Cancer-promoting genes 
that were upregulated included Ctgf, H19, Mmp12, Mybl1, 
Vnn1, whereas cancer-inhibiting genes Cish, Dkk4, Onecut1, 
Scara5, Socs3, Wif1 were also suppressed. The dysregulation 
of cancer genes after the intake of soybean oil suggested 
that not only high consumption of soybean oil can cause 

obesity, but it can also increase the susceptibility to liver 
cancer. In addition, just like obesity, the prevalence of liver 
cancer has been recently increased globally [102,103]. In 
this study, an increase in the expression of Acot1 and Acot2 
genes was observed after the intake of coconut oil. Elevation 
in the expression of these genes can lead to accumulation of 
hepatic lipids. In the study, cell death activator Cidea, Cidec 
(CIDE family member) and Plin4 (PAT family member) were 
also up-regulated after the intake of coconut oil and these 
three genes have been linked to obesity [104].

Skrivan et al. [105] performed an experiment to 
assess the effect of different dietary fat types on intestinal 
digestibility of fatty acids and expression of lipid-related 
genes in broiler chickens. It was observed that there was an 
increase in the expression of fatty acid synthase in chicken 
fed palm oil when compared to chicken fed lard. There was 
also an increase in the expression of HMG-CoA reductase in 
the group fed palm oil compared to the group fed lard. The 
reduction in the expression of HMG-CoA reductase in the 
group fed lard revealed lard association with obesity and 
adiposity.

Sex differences in Obesity

Sex refers to the biological characteristics of the result of 
XX (female) or XY (male) sex chromosomes, which influence 
gonadal hormones levels and types. Sex differences play a 
role in the initiation and development of different diseases. 
Women are known to suffer more autoimmune diseases than 
men (such as scleroderma, Sjogren’s depression) [106-111]. 
Also, autism occurs more in boys compare to girls [112]. 
However, in obesity, sex differences play a vital role.

Initially, it was believed that male mice had greater fat 
mass expansion than female in the visceral and subcutaneous 
region; this was believed to be as a result of sex hormones 
[113-115]. Recently, Salinero et al. [116] demonstrated 
that the sex differences in diet-induced obesity after the 
consumption of high-fat diet is much more dependent on the 
age of the mice. Feeding six-week old mice for 3 months with 
high-fat diet led to a higher increase in the body weight of 
the male compared to the female. However, in the adult mice 
(31 weeks), females presented higher body weight when 
compared to male, after the intake of high-fat diet. Another 
important issue that may contribute to sex differences in 
adipose tissue expansion is the number of pluripotent stem 
cells (adipocyte precursor cells) in the mouse gonadal or 
subcutaneous fat regions. As reported by Joe and colleagues 
(2009) [117], female mice have more adipocyte precursor 
cells than their male counterparts in gonadal (visceral) 
and inguinal (subcutaneous) fat depots. This result was 
also confirmed in other experiments by different authors 
[118,119]. Wu et al. [119] reported that when mice was fed 
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with high fat diet (45% calories as fat), there was an increase 
in the adipocyte precursor cells and mature adipocytes in 
the female mice, whereas the male mice did not show any 
increase of the mature fat cells in the gonadal fat depots.

National Health and Nutrition Examination Survey 
(NHANES) from 2013–2014 in US estimated an increase 
prevalence of obesity in women than in men (40.5 vs. 35.2%) 
[120]. In fact, male and female have differences in the adipose 
tissue distribution, such as while men amass large amount of 
visceral adipose tissue, women amass fat accumulation in the 
sub-cutaneous depots [121,122]. Diet and hormonal status 
influences sex-specific fat distribution [123]. In addition, 
some studies also assessed the lineage tracing to trace the 
fate of proliferating adipocyte progenitor cells. The results 
from these studies showed that male gonadal fat revealed 
enlargement, whereas female showed adipocyte hyperplasia 
in both the gonadal and the subcutaneous fat regions after 
the intake of high-fat diets [124,125]. Another important 
factor that influences obesity and adiposity are the gonadal 
hormones. The contribution of the gonadal hormones 
in obesity in women can be explained by comparing the 
women’s body condition before and after menopause: 
the reduced levels of ovarian hormones after menopause 
caused an increase in body condition. When comparing 
pre-menopausal and post-menopausal women, the effect of 
gonadal hormones on fat storage becomes very conspicuous. 
Immediately after menopause, the level of estrogen and other 
gonadal hormones reduces, promoting a natural increase 
in fat storage of the abdominal depots, tending to further 
increase the rate of cardiovascular diseases and insulin 
resistance [126-129]. On the other hand, androgen levels 
have impact on metabolic diseases. Testosterone levels in 
men reduce with age, and low testosterone levels in men are 
linked to increased body fat and cardiovascular disease [130-
132]. As reported by Santosa et al. [133], when estrogen was 
reduced (4 weeks, short term), there was no alteration in the 
fat storage but post-prandial circulating triglyceride level 
was affected. Interestingly, the suppression of testosterone 
level in men (for 4 weeks) led to the increase storage of 
fatty acids in the gluteal-femoral fat region [134]. Overall, 
hormone levels, estrogen and androgen receptors may likely 
influence gonadal hormone on fat region development and 
metabolism.

Public Health Policies

The prevalence of obesity has increased globally to 
the extent that nearly one third of the world population is 
now classified as being overweight or obese [135]. Obesity 
affects physiological functions of the body and has now 
been considered a public health threat. It also affects all 
ages and can occur in both sexes regardless of geographical 
locality, ethnicity or socioeconomical status. However, the 

prevalence of obesity is generally greater in elderly people 
and women [136]. Non-communicable diseases (NCD) Risk 
Factor Collaboration reported that by 2025, the prevalence 
of obesity will be 18% in men and 21% in women [137]. This 
high prevalence of obesity globally has been linked to dietary 
fat and it has led to different nutritional guidelines across the 
globe.

The increase rate in the consumption of coconut oil and 
soybean oil might be linked to the increase rate of obesity in 
the United States of America. In United State of America, it 
was estimated that a single individual with obesity incurred 
health cost of about US$ 1,901 per annum in 2014, amounting 
to US$ 149.4 billion, considering the total American obese 
population [138]. Given this scenario, the US Department of 
Agriculture [139] and the World Health Organization [140] 
recommended that the daily intake of saturated fat should 
not exceed 10% of the total calories.

As reported by Chooi et al. [141], China witnessed about 
9-fold increase in the prevalence of obesity between 0.6% in 
1980 and 5.3% in 2016. The high consumption of coconut oil, 
soybean oil and lard can be linked to this increase prevalence 
of obesity in China. As a result of this increase rate in obesity, 
the Chinese Nutrition Society recommended a new dietary 
guideline for Chinese residents in the form of Chinese Food 
Pagoda in 2016 [142]. It was recommended that the daily 
intake of cooking oil in adult should not exceed 25 – 30g. 
They recommended that for trans fatty acids, the daily intake 
should be less than 2g.

In Europe, the increase in the consumption of coconut 
oil, soybean oil and lard is alarming. Likewise, the prevalence 
of obesity in the region is also at increase rate. In Europe, 
total (direct and indirect) cost attributed to obesity was 
estimated to be 0.47-0.61% of the Gross Domestic Product 
(GDP) [143]. Though, the European Food Safety Authority 
(EFSA) did not specify the limit but it recommended that the 
consumption of saturated fat should be as low as possible 
[144]. Some arguments have come from the angle that 
coconut oil is a saturated fat, but it is composed of majorly 
medium chain fatty acids (MCFAs) about 60% and MCFAs 
helps in the reduction of weight, the EFSA. (2011) [145] 
and the American Heart Association (AHA) [146] team draw 
the inference that there is not enough evidence in human 
intervention studies to buttress the claim that MCFAs helps 
in weight management. In addition, the European Union 
Commission Regulation recommended that the content of 
free fatty acids present in the daily intake of soybean oil must 
not exceed 1.5% [147].

In Brazil, the Brazilian Society of Endocrinology and 
Metabolism (SBEM) and the Brazilian Association for the 
Study of Obesity and Metabolic Syndrome (ABESO) have also 
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released a warning on the use of MCFAs as weight reducing 
agents. Both scientific agencies affirmed that there is not 
enough scientific proof to support this claim and so, the use 
of coconut oil should be restricted [148]. Additionally, the 
National Health Surveillance Agency [149] recommended 
that the content of free fatty acids present in the daily 
intake of soybean oil must not exceed 0.9%. However, 
the interpretation of nutrient-based recommendations 
to the general public has been an issue, because only few 
people accurately estimate, without guidance, their daily 
consumption of nutrients such as calories, fats, cholesterol, 
fiber, salt, or single vitamins. Hence, considering the public 
health threat that obesity is causing and its link to dietary fat, 
we strongly recommend that people should limit the intake 
of coconut oil, soybean oil and lard. 

Conclusion

Coconut oil has a negative effect on lipid metabolism, it 
is positively linked with increased low-density-lipoprotein. 
Lard increase adiposity and insulin resistance which in turn 
lead to obesity. Although, coconut oil and lard induced obesity, 
studies have shown that soybean oil is more obesogenic than 
both and increased caloric intake causes adiposity, diabetes, 
glucose intolerance and insulin resistance. High intake of 
these dietary fats also leads to changes in the expression of 
genes linked to obesity and inflammation. Obesity is now a 
global threat affecting developed and developing countries 
and high intake of coconut oil, soybean oil and lard has been 
strongly linked to it. We, therefore, recommend that people 
should limit the intake of these dietary fats and oils. As 
regards coconut oil, the daily intake must not exceed 10% of 
the total calories; as regards soybean oil, the free fatty acids 
present in daily intake must not exceed 1.5%; while as for 
lard, the daily intake must not exceed 10% of total calories.

 Future research studies that consider the components 
sex-biasing effects which include not only the gonad type 
but also the sex chromosome should be encouraged; as such 
research line is very important to ascertain the adequate 
nutritional recommendation to both male and female. This 
will certainly give an insight to the relationship between 
gender and obesity before, during and after the consumption 
of dietary fats.
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