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Abstract

Low-carbohydrate diets are often a controversial issue. They are not
only currently a popular diet method, but also significantly beneficial for
health. The influence on the reduction of the total body weight can be very
significant, as can the amount of body fat or visceral fat — which is the
main risk factor for developing cardiovascular and metabolic diseases. The
research in this area is limited. Respondents often fail to finalize it and the
studies often include few respondents and are short-term.

This article summarizes the published data that focus on the influence of
low-carbohydrate diets on visceral fat in the human organism. The goal was
to determine which physiological parameters were influenced by this type
of diet and how low-carbohydrate diet influences the selected parameters.

The results of individual studies are often optimistic, but there are some
references to a negative influence of low-carbohydrate diets. Regardless,
mostly statistically significant changes in body weight drops have been
observed (BMI drops as well), as well as total body fat drop, visceral fat
drop, waist circumference drop, and the risk of cardiometabolic diseases.
However, it is necessary to continue these studies and especially assess the
long-term effect.

Keywords: Anthropometric indicators; Carbohydrates; Cardio-
metabolic risk factors; Low-carbohydrate diet; Nutrition; Visceral fat

Abbreviations:

BMI — Body Mass Index; DM — diabetes mellitus; HDL a LDL cholesterol —
High density lipoprotein, Low density lipoprotein; CVD — cardiovascular
disease; LC diet (VLC diet) — Low Carbohydrate Diet (Very Low
Carbohydrate Diet); LF diet — Low Fat Diet; PAD — peroral antidiabetics;
TAG - triacylglycerols; TNF-alpha — tumour necrosis factor alpha

INTRODUCTION

The global incidence of overweight and
obesity is increasing. The WHO (WHO,
2020a) states that 1.9 billion adults were
overweight in 2016, of which 650 million
were obese. Overweight and obesity are
risk factors for the incidence of other dis-
eases, especially non-infectious chronic
diseases. Although it is known that the in-

crease of body weight, which is caused by
the increased amount of adipose tissue, is
preventable, we are unsuccessful in stop-
ping the rising incidence of these diseases
(WHO, 2020a).

One of the significant measures is
the therapy by suitable diet and physical
activity. Low-carbohydrate diets — and
mainly their effect on health conditions —
are a continuous research issue. Although
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the points of view are controversial (Noto et
al., 2013), it is assumed that such types of diet
could positively affect the level of visceral fat,
which is a significant risk factor of cardiomet-
abolic diseases (Hu and Bazzano, 2014).

The incidence of cardiovascular diseases
is globally rising and no country has succeed-
ed in reversing this growing trend with pre-
ventive measures (Ng et al., 2014). It is one
of the reasons why it is necessary to study
other possibilities of changing our popu-
lation’s contemporary health conditions.
A very-low-carbohydrate diet (VLC) or keto-
genic diet seems effective in losing weight (Lim
etal., 2010). VLC diet is positive for the reduc-
tion of weight, total fat, and the improvement
of cardiometabolic risk parameters. There
are also negative consequences, such as de-
creased muscular or bone mass (Tinsley and
Willoughby, 2016). VLC diet, along with phys-
ical activity, positively affects the decrease of
the muscular mass and, indirectly, bone mass.
However, the total effect in obese individuals
has been studied and the evidence is limited
(Ding et al., 2019). There is also data focused
on the effects of low-carbohydrate diets on in-
testinal microbiota. The research in this area
is very limited. It points out the decrease in
the variety of intestinal bacteria, as well as the
increased number of proinflammatory bacte-
ria (Paoli et al., 2020).

Low-carbohydrate diet is not a specific
concept that clearly establishes the percent-
age of carbohydrates in food. Asian food con-
tains a higher percentage of carbohydrates.
The carbohydrate intake here is approximate-
ly 70% (Kwon et al., 2012). Low-carbohydrate
diets (LC) have different levels of strictness
regarding the decrease of carbohydrate in-
take, e.g., according to Oh et al. (2020):

1) very-low-carbohydrate diet (VLC): <10%
of carbohydrates or 20—50 g/day;

2) low-carbohydrate diet (LC): <26% of car-
bohydrates or less than 130 g/day;

3) mild low-carbohydrate diet (MLC): 26—
44% of carbohydrates;

4) high-carbohydrate diet (HC): >45% of car-
bohydrates.

These divisions are different as well, and it
is always necessary to state a specific number
of carbohydrates in a specific low-carbohy-
drate diet. LC diet is a tool whose popularity

is growing for the reduction of adipose tissue,
control of glycaemia, and the decrease of the
risk of cardiovascular diseases. It is especially
popular in patients who suffer from type 2 di-
abetes (Sasakabe et al., 2015).

Low-carbohydrate diets lead to ketosis.
This is the condition when the organism con-
sumes instant energy sources (glucose), and
ketone production from fats in adipose tissue
increases (Oh et al., 2020).

MATERIALS AND METHODS

We used the method of analysis of available
resources in databases. We searched for rele-
vant sources in scientific databases using EB-
SCO Discovery Service. The search was con-
ducted with the keywords “low-carbohydrate
diet”, “low carbohydrate”, “low carb diet” in
combination with “visceral fat”, “visceral
adipose tissue”, using the Boolean operator
“AND”. A significant criterion was the peri-
od of publication of the studies (2010—20)
and their primary focus on the influence of
low-carbohydrate diets on the changes of
physiological parameters, especially viscer-
al fat. We found 58 studies, and after result
filtering, removing duplicates and those that
did not deal with our issues in the required
context, we were left with 11 full-text relevant
studies in English. Data collection and result
analysis were carried out between May and
August 2020.

Our goal was to determine what physical
parameters were affected by low-carbohy-
drate diets. Another goal was to determine
what effect low-carbohydrate diets had on
selected physical parameters, the respondent
selection criteria, a control group, and all oth-
er included interventions except dietary ones.
We included other criteria in the experiments,
such as physical activity, etc.

RESULTS

Low-carbohydrate diets are popular for their
relatively quick effect, especially regarding
the reduction of body weight. Carbohydrate
intake of most of the world’s population is ap-
proximately 50% of the total energy intake. In
Asian countries, the intake is higher (Kwon et
al., 2012). Kwon et al. (2012) also stated that
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the intake of carbohydrates, over 70% of the
energy intake, is related to the incidence of
the metabolic syndrome. Table 1 shows the
summary of the main findings of the realized

studies, including the basic information about
the sample group or experiment. The data are
later elaborated by the selected parameters.

Table 1 — Research results of the studies included in the analysis

Source

Findings

Other information

Goss et al. (2020)

| body weight, | adipose tissue,
| visceral fat, | total cholesterol,
| LDL cholesterol, | TAG,
increased HDL cholesterol

40 people, age 60-75 years, BMI
30-40 kg/m?, 8 weeks

Sasakabe et al. (2011)

| BMI, | LDL cholesterol in
women, increased HDL cholesterol
in men, | visceral fat

People with DM type 2, 6 months

Sasakabe et al. (2015)

| adipose tissue, | visceral
fat, | LDL cholesterol | TAG,
increased HDL cholesterol

76 people, 3 months, people with
DM type 2, PAD treatment

Perissiou et al. (2020)

| adipose tissue, | visceral fat,
| lean muscle mass

8 weeks, obese people, average
age 35 years, average BMI 30.3
kg/m?

Jang et al. (2018)

| body weight, | waist
circumference, | BMI, | systolic
and diastolic blood pressure,

| LDL cholesterol, | visceral fat

Patients with non-alcoholic fatty
liver

Yu et al. (2014)

| body weight, | visceral fat,
| adipose tissue, | waist
circumference

Patients with non-alcoholic fatty
liver, 8 weeks

Miyashita et al. (2004)

| body weight, | glycaemia,

| serum insulin, increased HDL
cholesterol, | total cholesterol and
| TAG, | visceral fat

People with DM type 2, 4 weeks

Gu et al. (2013)

| body weight, | BMI, | waist
circumference, | adipose tissue
and visceral fat

53 people, 8 weeks, obese
patients, without DM

Kalam et al. (2019)

| body weight, | adipose
tissue, | total cholesterol, | LDL
cholesterol, | systolic blood
pressure

6 months

Campanati et al. (2017)

| body weight, | adipose tissue,
| waist circumference, | visceral
fat, | total cholesterol and | TAG

Patients with psoriasis, TNF-alpha
inhibitory treatment

Kahleova et al. (2018)

| body weight, | BMI, | adipose
tissue, | visceral fat, | insulin
resistance

76 people, 16 weeks, vegetal diet

The influence of low-carbohydrate
diets on body weight

A positive effect on body weight was observed
in all mentioned studies. Goss et al. (2020)
observed a decrease in body weight during
a low-carbohydrate diet, although it was not
the primary goal. These authors primarily
wanted to observe the differences between
low-carbohydrate and low-fat diets (LF),
when the intake in both groups was set to

maintain body weight. In low-carbohydrate
diet, Goss et al. (2020) decreased the intake
to max. 10% of energy intake and increased
the fat intake to 65% of energy intake. The
group with the low-fat diet had a decreased
fat intake to 20% of energy intake, and car-
bohydrates were 55% of energy intake. All
respondents reduced their body weight. The
group with LC diet showed a more significant
reduction (p < 0,001).
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The participants in the study of Sasakabe
et al. (2011) also experienced weight loss while
being on a low-carbohydrate diet. These au-
thors focused on people with type 2 diabetes
mellitus. The intake of carbohydrates was not
restricted as strictly (only 30—45% of energy
intake). Sasakabe et al. (2011) first observed
the influence of this diet after 6 months. They
found out that body weight was significant-
ly decreased, as well as BMI. The authors
then studied changes in a shorter period —
3 months (Sasakabe et al., 2015). Again, they
used a mild low-carbohydrate diet (30—45%
of energy intake). All participants used per-
oral antidiabetics (PAD) and protein and fat
intake was not restricted. The patients had
an average BMI in the body weight range be-
tween normal and overweight, so the primary
goal was not weight reduction. Despite that
fact, the body weight and BMI of these pa-
tients decreased.

Perissiou et al. (2020) also monitored the
effects of LC diet on patients with the average
BMI of 30.3 kg/m2. The maximum carbohy-
drate intake was set to 50 g of carbohydrates
per day, but the energy intake was not re-
stricted. The diet in this group was combined
with physical activity (45 minutes, 4x a week).
Perissiou et al. (2020) discovered that adipose
tissue had decreased, which was undesirable.
The decrease was more noticeable in patients
with LC diet than in patients with a standard
diet — both groups were physically active.

Hession et al. (2009) point out the positive
influence of low-carbohydrate diet on weight
loss in comparison to low-fat diet. Jang et al.
(2018) also observed weight loss (p < 0.001)
in the Asian population, who were indicated a
low-carbohydrate diet (however, the intake of
carbohydrates was between 50% and 60% of
energy intake). Yu et al. (2014) also observed
weight loss (p = 0.001) during an 8-week ex-
periment. Here, the intake of patients with
non-alcoholic fatty liver was only 800 kcal/
day; the energy intake included less than 10%
of carbohydrates, i.e. up to 20 g/day. The av-
erage weight loss was 6.8 kg, i.e., 7%.

The difference between a low-carbohy-
drate diet and a low-fat diet was also dealt
with by Miyashita et al. (2004). They ob-
served weight loss in both monitored groups
after 4 weeks. At the same time, both moni-
tored groups had the intake of 1,000 kcal with
a different percentage of nutrients.

Gu et al. (2013) also used a low-carbo-
hydrate diet in obese patients of Asian ori-
gin. This was an 8-week experiment, which
included a significant restriction of energy
intake — 800 kcal/day, max. 20 g of carbohy-
drates per day. After 8 weeks, they observed
an average weight loss of 8.7 kg (p < 0.0001),
which corresponds with a BMI decrease of ap-
proximately 3 kg/m?2.

Kalam et al. (2019) combined a low-car-
bohydrate diet with ad libitum (at will) food
intake and alternate daily fasting. This study
dealt with the restriction of intake to 600 kcal/
day. The carbohydrate intake was restricted
to 30% of energy intake. The first 3 months
of this study were focused on reduction and
the other 3 months were focused on the stabi-
lization of parameters. During the first three
months, the average weight loss was 5.5%
(p < 0.001). In the second phase of the exper-
iment, the weight remained relatively stable.
The total weight loss during the 6-month pe-
riod was 6.3%.

Campanati et al. (2017) observed pa-
tients with psoriasis, who were treated with
TNF-alpha inhibitors. If these patients kept a
low-carbohydrate diet (carbohydrate income
between 30 and 100 g/day), they lost weight
(p < 0.0001).

The influence of a low-carbohydrate
diets on muscular tissue

An essential parameter is the influence of a
low-carbohydrate diet on the muscular tis-
sue. In their experiment, Perissiou et al.
(2020) observed a decrease of the muscular
tissue, which was undesirable. The decrease
was observed in patients with a low-carbohy-
drate diet, when the intake of carbohydrates
was restricted to max. 50 g of carbohydrates
per day. On the contrary, Manninen (2006)
states that ketogenic diets can have a pro-
tective effect on muscular mass if such diets
include a sufficient protein amount. Paoli et
al. (2019), who focused on the possible effect
of ketogenic diets on muscular hypertrophy,
stated that the effects of ketogenic diets on
muscular hypertrophy during the physical
training of muscles are insignificant or none.
The authors also state that, during low-carbo-
hydrate diets, ketogenic diets can have a pro-
tective effect against the decrease of muscular
mass.
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The influence of low-carbohydrate
diets on the levels of blood fat

Another parameter with positive changes is
blood fat, i.e., the level of cholesterol, the le-
vel of LDL or HDL cholesterol and the level of
triacylglycerol (TAG). In LC diet, Goss et al.
(2020) observed a significant increase of the
level of HDL cholesterol (compared to LFD)
and a decrease of the level of LDL cholesterol
and triacylglycerol (TAG).

Sasakabe et al. (2011) stated that the assets
of low-carbohydrate diets are the increase of
the level of HDL cholesterol and the decrease
of the level of triacylglycerol (TAG) in obese
patients. The authors discovered that, after
6 months of keeping a low-carbohydrate diet,
the level of HDL cholesterol in men increased
(p = 0.021) and the level of LDL cholesterol
in women decreased (p = 0.001). Sasakabe et
al. (2015) also observed the decrease of TAG,
LDL cholesterol and the increase of HDL cho-
lesterol after three months of research, but the
differences were not statistically significant.

Jang et al. (2018) observed the decrease of
LDL cholesterol (p < 0.001). In low-fat diet,
the authors did not observe the decrease of
the level of total cholesterol.

Miyashita et al. (2004) also observed the
increase of the level of HDL cholesterol in pa-
tients with a low-carbohydrate diet. The total
level of cholesterol and TAG decreased in both
monitored groups.

Kalam et al. (2019) observed the decrease
of the level of total cholesterol and LDL cho-
lesterol. They did not observe changes in HDL
cholesterol or TAG.

The influence of low-carbohydrate
diets on glycaemia and glycated
haemoglobin

Sasakabe et al. (2011) found that, after 6 mon-
ths of keeping to a low-carbohydrate diet, the
level of glycated haemoglobin significantly
decreased (p = 0.05). However, according to
Yu et al. (2014), patients with non-alcoholic
fatty liver did not show changes in glycaemia
on an empty stomach or after the restriction
of calories. After four weeks, Miyashita et al.
(2004) observed weight loss and glycaemia
decrease in both groups (patients with type 2
diabetes mellitus who kept low-carbohydrate
and low-fat diets). The levels of serum insulin
decreased in patients with a low-carbohydrate
diet.

Kalam et al. (2019) also observed the de-
crease of insulin on an empty stomach after
6 months. The level of glucose on an empty
stomach and glycated haemoglobin remained
unchanged.

The influence of low-carbohydrate
diets on adipose tissue and visceral fat
Goss et al. (2020) observed a significant re-
duction of adipose tissue in patients with a
low-carbohydrate diet. Patients with VLC
diet had 9.7% reduction, and patients with
LFD showed the decrease of adipose tissue
by 2%. Both values are statistically significant
(p < 0.001). In particular, a large difference
was observed in the values of visceral fat. Its
decrease was statistically significant (p < 0.01)
in patients with a low-carbohydrate diet. The
values of visceral fat decreased on average by
22.8%. In low-fat diet, visceral fat decreased
by 1%.

Sasakabe et al. (2011) also observed the
decrease of visceral fat by 20 cm? (on average)
in both genders (p < 0.001). Sasakabe et al.
(2015) focused on the effect of a 3-month mild
low-carbohydrate diet regarding the values of
visceral fat as well as the total amount of fat in
people with type 2 diabetes mellitus. The re-
searchers started with the previous study and
observed the decrease of visceral fat during
a 6-month period. They assumed that it was
possible to decrease the values of visceral fat
faster and set the period for 3 months. After
three months of a mild low-carbohydrate diet,
the level of visceral fat significantly decreased,
as well as subcutaneous fat (p < 0.001). The
decrease of carbohydrate intake correlated
with the decrease of visceral fat. A more sig-
nificant decrease was observed in men. At the
same time, men showed a significant loss of
visceral fat during this 3-month period, re-
gardless of the decrease of the total energy
intake.

Perissiou et al. (2020) observed that the
ketogenic condition caused a significant de-
crease (p = 0.025) of visceral fat and total fat,
as well as muscular mass (p = 0.042). Accord-
ing to the authors, a short-term low-carbohy-
drate diet with physical activity decreases the
risk of cardiovascular disease and improves
the cardiometabolic profile. However, the
sample group showed decreased muscular tis-
sue when compared to the group with a stand-
ard diet and the same level of physical activity.

111



Simona Simkova

Haufe et al. (2011) also studied the effect
of low-carbohydrate and low-fat diets and
observed a positive effect on fat decrease in
the liver. Jang et al. (2018) discovered that
low-carbohydrate diet influenced the decrease
of visceral fat (p < 0.05), but low-fat diet did
not cause a significant difference.

After an 8-week experiment, Yu et al.
(2014) discovered that weight loss was statis-
tically significant. The change was caused by
the decrease of visceral fat, which decreased
by 1/3 (p = 0.007). Subcutaneous fat also
decreased. On average, waist circumference
decreased by 5 cm (p = 0.04). Patients with
non-alcoholic fatty liver had their liver fat de-
creased by 2/3 (p = 0.004).

The decrease of visceral fat was also
observed by Miyashita et al. (2004). The
decrease was more considerable in the
group with low-carbohydrate diet —40 cm?
(p < 0.05) than the group with low-fat diet
—10 cm?. The results show that low-carbohy-
drate diets could be better for weight loss and
the decrease of visceral fat in patients with di-
abetes mellitus type 2.

After 8 weeks of low-carbohydrate diet,
Gu et al. (2013) observed an average waist cir-
cumference decrease of 5.9 cm (p < 0.0001). A
statistically significant decrease was observed
in the amount of subcutaneous fat and viscer-
al fat by 66.5, i.e., 35.3 cm?, as well as liver fat.

Kalam et al. (2019) carried out a 6-month
experiment and observed a decrease in the to-
tal adipose tissue (p < 0.01), but the non-ad-
ipose tissue and visceral fat remained un-
changed.

Campanati et al. (2017) based their re-
search on the fact that visceral fat was relat-
ed to a larger number of inflammatory and
immunity cells, and a larger glucocorticoid
expression and androgen receptors than sub-
cutaneous fat. The rising level of visceral fat
brings a greater risk of death, risk of hyper-
tension, hyperlipidaemia, diabetes mellitus
and other diseases. The research is based on
the fact that the amount of fat is a better indi-
cator of the risk of a disease than body weight
or BMI. The research group of Campanati
et al. (2017) showed a decrease of total fat
(p < 0.0001) and visceral fat (p < 0.0001). The
waist circumference decrease was also signif-
icant. Campanati et al. (2017) concluded that
the TNF-alpha inhibitory treatment alone can
cause weight increase, but it does not cause

the increase of visceral fat. The combination
of medical and dietary treatments appears
good for the improvement of anthropometric
indicators in patients with psoriasis.

Besides the mentioned parameters, the
authors pointed out the changes in blood
pressure. Jang et al. (2018) observed that the
group with a low-carbohydrate diet had a de-
crease of systolic and diastolic blood pressure
(p < 0.001). Kalam et al. (2019) also pointed
out the decrease of systolic blood pressure.

DISCUSSION

Opinions are divided on low-carbohydra-
te diets. They are most frequently compared
to low-fat diets. Although the significance of
low-carbohydrate diets is related to weight
loss and the increase of insulin sensitivity,
their influence on other illnesses that are re-
lated to these risk factors is also studied.

The analysis carried out showed that most
authors agreed that low-carbohydrate diets
had a positive effect on weight loss (Goss et
al., 2020; Gu et al., 2013; Jang et al., 2018;
Miyashita et al., 2004). Low-carbohydrate di-
ets also affected the increase of HDL choles-
terol (Goss et al., 2020; Miyashita et al., 2004;
Sasakabe et al., 2011; 2015). We found a de-
crease of energy intake of monitored partici-
pants in all studies (Kalam et al., 2019).

The influence of low-carbohydrate diets
on the decrease of visceral fat seems very pos-
itive. Visceral fat is considered as one of the
main risk factors for cardiometabolic diseases
(Goss et al., 2020; Gu et al., 2013; Miyashita
et al., 2004; Perissiou et al., 2020; Sasakabe
et al., 2011; 2015;).

Perissiou et al. (2020) point out the nega-
tive effect, which is the decrease of muscular
tissue and bone mass. Other studies did not
find changes of HDL or LDL cholesterol (Yu
et al., 2014). Glycaemia on an empty stomach
also remained unchanged (Yu et al., 2014).
Campanati et al. (2017) pointed out that, in
patients with psoriasis, the level of visceral
fat can decrease while keeping a low-carbohy-
drate diet; the patients’ weight gain and other
parameters are related to using medicaments.

In particular, the limitations of the studies
include short monitoring periods and the par-
ticipants keeping to a low-carbohydrate diet,
small groups of respondents, or the presence/
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absence of a control group. The studies are
often combined with other, considerable pa-
rameters that can have a significant influence
(e.g., physical activity, medical treatment,
etc.). If a control group is present, there are
indications regarding diet and there can be
significant individual differences. Significant
factors that influence food intake also include
whether the participants had their daily diet
adjusted in carbohydrates or substituted by
dietary shakes.

CONCLUSIONS

Low-carbohydrate diets are often compared
to diets that are based on low-fat intake. There
are various assets as well as risks related to this
type of diet. The goal of this article was to de-
termine which physical parameters low-car-
bohydrate diets affect, and their influence
on selected parameters. Low-carbohydrate
diets affect basic physical parameters, which
include physical weight, BMI, the amount of
adipose tissue including visceral fat, the level
of blood fat or blood pressure, glycaemia, or
glycated haemoglobin.

The realized studies mostly agree on the
positive influence on weight loss and the de-
crease of adipose tissue. Low-carbohydrate
diets often lead to the decrease of visceral fat,
which is a risk factor of cardiometabolic dis-
eases. The decrease of total cholesterol is an-
other benefit (LDL cholesterol, insulin on an
empty stomach, maintenance or increase of
HDL cholesterol, increase of insulin sensitiv-
ity). The realized studies almost always have
limitations. Some studies use food supple-
ments, which enables the participants to keep
to the regime more easily, but, in the long run,
the condition is mostly unsustainable. Also es-
sential is whether the participants are willing
to be included in the study; thus, the groups
are often small and the experiments short. It
is necessary for further research to be carried
out that will assess the long-term influence of
low-carbohydrate diets. It is necessary that
the health benefits of low-carbohydrate diets
be assessed.
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