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Abstract

Objective: In recent years, the use of a ketogenic diet (KD)
against obesity has gained popularity in KSA. This study
was designed to determine the impact of KD on anthro-
pometric indices and on the abnormal regulation of in-
flammatory activities in obese Saudi women. Moreover, we
investigated the potential of beta-hydroxybutyrate (BHB)

1658-3612 © 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1016/j.jtumed.2023.03.006


mailto:Dr.waleedmonem@qu.edu.sa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtumed.2023.03.006&domain=pdf
www.sciencedirect.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtumed.2023.03.006
https://doi.org/10.1016/j.jtumed.2023.03.006
https://doi.org/10.1016/j.jtumed.2023.03.006

1102 N. Alkhorayef et al.

supplementation on the inhibition of pro-inflammatory
activities.

Methods: We enrolled 31 Saudi women (aged, 35.3 4+ 8.4
years) with an average BMI of 33.96 + 4.44 kg/m2 un-
derwent an 8-week KD (8KD) from January to March
2021. Changes in anthropometric measurements were
collected at baseline and after 4—8 weeks of intervention.
Compliance with the dietary regimen was monitored
weekly by plasma BHB level.

Results: Twenty-nine females commenced the diets and
23 completed the study (a 79% completion rate). In
comparison to pre-intervention, the 8KD resulted in a
significant increase in the levels of plasma BHB
(P < 0.001) throughout the duration of the trial. This was
accompanied by a significant reduction in weight loss
(7.7 kg £ 11.3; P < 0.001), BMI, waist circumference
(P < 0.001), and levels of the inflammatory cytokine IL-
1B (P < 0.001).

Conclusions: An 8-week KD was found to be useful in
producing a positive impact on anthropometric indices,
biochemical and inflammatory processes. This study
indicated that the intake of a KD by obese Saudi women
induced the release of BHB in the blood without stimu-
lation of an overall starvation response. This may be
useful to alleviate the severity of chronic inflammatory
disorders associated with obesity.

Keywords: Inflammation; Ketogenic diet; Obesity; Saudi;
Women

© 2023 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Obesity is one of the most significant challenges as its
prevalence is rising globally, including the Kingdom of
Saudi Arabia (KSA).I’2 According to the KSA statistics in
the late 1980s to the mid-1990s, the national obesity rate
was about 20%, varying from 13.1% among men to 26.6%
among women. However, all prevalence estimates from
1995 and onwards are greater than 35%.° Obesity is also
linked to the development of a persistent low-grade
inflammation caused by adipocyte growth and fat mass
expansion which allows macrophages to penetrate the adi-
pose tissue.* In recent years, the management of calories
with a ketogenic diet (KD) has been proposed and has
gained significant attention of obese people as it has been
proven to be an effective way to reduce Weight."’(’ Several
reports showed that the applicability of KD in a normal
diet has no harmful effects on the management of total
cholesterol, low-density lipoprotein (LDL) or the levels of
triglycerides (TG).” Moreover, it is also documented that
the regular usage of KD also insulin levels, improves

physical performance, and reduces the chances of obesity
onset.”” It is now well established that the KD dietary
approach has a positive impact on the obese population
in both physiological and biochemical terms and is also
helpful in triggering successful weight loss and reducing
the chances of a number of human disorders, including
diabetes and cardiovascular diseases.'"” > It is well
documented that ketosis is one of the key factors in the
effectiveness of very low-energy diets (VLED) and impor-
tantly that KD is reported to suppress the drive to eat, thus
leading to improvements in Body Mass Index (BMI) and a
reduced chance of excess weight and obesity.l}fl5 An
important observation by Davidson and colleagues,
suggested that ketones may protect against the cognitive
impairment induced by weight gain and obesity.'®
Elevated levels of ketones were shown to have therapeutic
neuroprotective effects in the hippocampus, the specific
brain region associated with cognitive perforrnance.l("l7
The precise mechanism(s) by which the KD affects the
body and reduces seizures is currently unknown, although
it is known that the diet mimics the same response to
starving, where the brain uses ketone bodies as its fuel
instead of glucose.'® It has now been well established that
a KD increases the production of beta-hydroxybutyrate
(BHB), which is known for promoting weight and fat
loss.'” BHB is a metabolic product synthesized by the body
and known to provide energy under starvation
conditions.”’ Due to high demands, BHB has been
synthesized artificially in the Ilaboratory and is
commercially available in the market as a supplement for
the management of obesity or weight loss.'~>! BHB
seems to improve brain and nerve function and is also
known to provide energy to muscles and to increase the
ability to perform physical activities. In addition, BHB is
also a good treatment for dry eye, migraine, Alzheimer’s
disease, Parkinson’s disease and many human disorders,
although solid scientific evidence is still needed to support
these potential applications of BHB.'”"% This study was
undertaken to investigate the impact of KD on various
anthropometric indices and on the abnormal regulation of
inflammatory activities in obese Saudi women. Moreover,
we also determined the potential of BHB as a supplement
against the onset or progression of pro-inflammatory ac-
tivities in obese women.

Materials and Methods
Participants, study design and ketogenic diet

Saudi women (aged range: 20—50 years) with a BMI
>30 kg/m2 were recruited from the Buraidah city of KSA via
advertisements on WhatsApp. All participating women were
obese (BMI >30 kg/mz) but free from any disabilities and
chronic diseases. All participants were medically examined at
the Nutrition Clinic in Buraidah Central Hospital. All
women with cardiovascular diseases, uncontrolled hyper-
tension, impaired kidney function, liver failure, and pregnant
or breastfeeding women were excluded from the study.
Written consent was taken from all participating women.
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The study was conducted at Buraidah Central Hospital
from January to March 2021. This was an uncontrolled
intervention study with repeated measurements. Potential
participants attended a lecture on KD that showed the spe-
cific diet plan, the importance of nutritional structure and the
daily time of eating. The recommended KD plan for all
participants for each day is summarized in the Supplemen-
tary Table. All potential participants were required to
consume a KD for 8 weeks and were requested to maintain
their usual levels of physical activity. Before written consent,
the study protocol and the potential risk were fully explained
to the participants. All participants gave their consent prior
to their participation in the study. During the intervention
period, they were asked to attend six sessions, at baseline
(pre-intervention), weeks 1, 2, and 4 (mid-intervention), and
weeks 6 and 8 (post-intervention), to assess body weight,
height, BMI, waist circumference, and BHB levels. The
participants were instructed against drug or antioxidant use
to eliminate potential confounding effects. Compliance with
the dietary regimen was monitored weekly by measuring
plasma BHB level.

Anthropometric measures

At baseline and after 4—8 weeks of intervention, we
determined the weight, height, BMI, and waist circumference
of each participant. BMI (kg/mz) was calculated in accor-
dance with the equation described by Mohorko et al.®

Lipid profile assessment

Total cholesterol, triglycerides, LDL-C, and HDL-C
levels were measured before and at the end of the study by
a Chemistry Analyzer (Beckman Coulter UniCel DxC 600),
as described previously.z3

Determining the levels of ketone bodies

Levels of beta-hydroxybutyrate (BHB) in the capillaries
was identified by a portable meter (FreeStyle Optium Neo
Blood Glucose and Ketone Monitoring meters). As with
anthropometric assessments, all identifications of capillary
ketonemia were made after an overnight fast of 8§—10 h.
During the entire KD diet, these measurements were per-
formed in five sessions (1, 2, 4, 6, 8 weeks) by each partici-
pant, and the corresponding values were reviewed on the
system’s memory to control adherence.”*

Quantification of serum IL-18 levels

Serum IL-1P levels were quantified by enzyme-linked
immunosorbent assay (ELISA) kits specific for IL-1B ac-
cording to the manufacturer’s instructions (Cloud-Clone
Corp., USA).>

Statistical analysis

The Statistical Package for Social Science (SPSS) version
23 (IBM, Chicago, IL, USA) was used for data entry and
analysis. Statistical tests were used to analyze quantitative
data: (1) basic frequencies and percentages to describe and

compare responses to individuals, (2) mean, standard devi-
ation, and a paired t-test were used to compare the means at
baseline and each experimental time point. Analysis of
variance (repeated measures) was used to examine the effects
of the KD on changes in anthropometric measurements at
differeg}t times. The statistical significance was set at P
<0.05.~

Results
Participant characteristics

Thirty-one female volunteers out of forty were found to
meet the study’s eligibility criteria. All 31 females passed all
the initial tests, except for two who showed unwillingness to
adhere to the prescribed diet. During the study, three women
withdrew due to their inability to continue the diet, and
another three were excluded after week 6 due to carbohy-
drate consumption, which was confirmed by a drop in BHB
levels. Twenty-three obese participants completed the study.

Demographic data of the participants are presented in
Table 1. The mean age of the participants was 35.3 + 8.4
years and most of were overweight, with an average weight
of 84.7 + 12.26 kg with a mean BMI of 33.96 4+ 4.44 kg/
m’. The subjects were in good health and did not have any
food allergies that may have interfered with the diet.

Alterations in anthropometric indices

Nutritional intervention resulted in a significant reduction
in body weight, BMI and waist circumference (p < 0.001).
After the first month, body weight decreased progressively.
The BMI and waist circumference also decreased progres-
sively throughout the period of study (p < 0.001) (Table 2).

Table 1: Demographic data of participants.

Parameters Mean + S.D.
(n = 23)
Age 353+ 84
Height (cm) 156.8 + 5.6
Weight (kg) 84.7 £ 12.3
Waist circumference (cm) 99.04 + 11.62
BMI (kg/m?) 3394+ 44
Marital status
Single 6 (26.1%)
Married 15 (65.2%)
Divorced 2 (8.7%)
Educational qualifications
High school 1(4.3%)
University level 20 (87.0%)
Postgraduate studies 2 (8.7%)

Financial status
High 4 (17.4%)

Average 19 (82.6%)
Medical condition

Diabetes 1 (4.3%)

Irregular blood pressure 1(4.3%)

Healthy 21 (91.3%)
Food allergy

No 21 (91.3%)

Yes 2 (8.7%)
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Table 2: Changes in body weight and anthropometric indices.

Parameters 0-day 8-week P value
Weight 84.7 + 12.3 77.0 £ 11.3 <0.001
Waist circumference 99.0 £ 11.6 84.8 £ 7.6 <0.001
BMI 339+ 44 309 + 4.2 <0.001

N = 23; data presented as mean & SD and paired t-test was used
to compare the changes in anthropometric measurement
(Weight, Waist and BMI). Statistical significance was set at
(P < 0.0001).

Levels of blood f—hydroxy butyrate (BHB)

Analysis showed that there were significant differences in
the serum level of BHB between baseline and the fourth
week, indicating that all participants were committed to the
KD (p < 0.001). Participants showed ketosis at the first
session where the blood BHB level was 1.24 £+ 0.956 mmol/L
(P < 0.0001); the extent of ketosis increased up to week 4
(1.5 =+ 1.129 mmol/L). After the sixth week, a slight decrease
in BHB was observed; however, the level of BHB increased
again in week 8 and participants still had ketosis
(1.26 £ 0.894 mmol/L of BHB) (Figure 1). There was a
significant increase in the levels of blood BHB at the study
intervals as compared with the levels on day 0.

Lipid profiles

There was no significant change in total cholesterol when
compared before and after intervention. TG changed slightly

30 7 | evels of blood BHB at different times of study

jiii‘i

0-day 1-week

BHB level (mmol/L)

2-week 4-week 6-week 8-week

Figure 1: Levels of blood BHB at different times.

Table 3: Alterations in blood lipids.

Parameters 0-day 30-day p-value
Total cholesterol (mg/dl) 4.76 +0.87 4.99 £ 1.07 0.151
Triglycerides (mg/dl) 1.04 £ 0.71 091 £0.63 0.198
HDL-C (mg/dl) 1.35+0.23 1.33+0.27 0.710
LDL-C (mg/dl) 293 +0.71 3.26+0.94 0.024

Data presented as mean + SD and paired t-test was used to
compare the changes in concentrations of serum cholesterol,
Triglycerides, HDL, and LDL. No significant differences be-
tween before and after intervention. Statistical significance was
set at *(P < 0.05).

Table 4: Serum levels of IL-1[3.
0-day
121.4 4+ 96.1

Parameter P value
IL-1B (Pg/ml) <0.001

Data presented as mean + SD and paired t-test was used to
compare the changes in Serum levels of IL-1B. A significant
reduction between before and after is observed. Statistical sig-
nificance was set at (P < 0.0001).

30-day
20.7 + 40.8

but not significantly (1.04 + 0.71 vs. 0.91 + 0.63). During the
intervention period, no significant changes in HDL-C were
found, and a minor but non-significant reduction in serum
was observed (1.35 £+ 0.23 vs. 1.33 + 0.27). In addition, a
significant increase in serum LDL-C was observed
(P < 0.05). High levels of LDL-C were observed in the post
intervention period, most probably due to the sensitivity of
LDL-C levels in the blood to high fat intake, but this would
most likely decrease in the following weeks because the diet
was only for 2 months, which is normal (Table 3).

Effect of KD on the serum level of IL-18

As shown in Table 4, the level of inflammatory cytokine
IL-1b was significantly decreased at the end of the study
when compared to that at the beginning of the study. Results
indicated that the levels of proinflammatory cytokine
decreased due to an increase in BHB.

Discussion

This study investigated the benefits of the KD on
anthropometric indices and levels of the inflammatory
cytokine IL-1f in obese Saudi women. Our data showed that
the KD intervention resulted in considerable weight loss, a
reduced BMI, and a reduced waist circumference in the
subjects, as well as a decrease in IL-1f levels. Our finding is
consistent with most studies that investigated such effects in
that this method of weight loss has not been found to cause
skeletal muscle loss. In obese people, low-carbohydrate and
ketogenic diet therapy can effectively reduce body fat mass
while significantly increasing skeletal muscle mass.”>?7 All
individuals in the present study lost weight, had a lower
BMI, and had a smaller waist circumference. Due to the
mechanism of ketone bodies resulting from the
decomposition of stored fats to be produced as energy for
the body, a recent study found that there is a correlation in
weight loss and waist circumference with an increase in
ketones bodies in the body during the ketogenic diet.”®
Also, our findings agree with the previous findings of
Mohorko et al.® who revealed that the KD caused
significant reduction in the weight, BMI, and waist
circumference. The KD has long been recommended for its
ability to cause numerous changes in the body. The results
of a previous study found that the KD reduced body
weight and fat mass in all subjects, while skeletal muscle
mass remained unaffected in the keto group, thus
indicating that the KD reduces body weight and waist
circumference without affecting the muscles.”*”’  Our
results showed that total cholesterol, TG and HDL Ilevels
were ameliorated after a KD diet; however, the levels of
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LDL were elevated at the end of the study. This may be due
to the sensitivity of blood LDL levels to higher fat intake, but
this is likely to reduce in subsequent weeks because the diet
used in this study only lasted for 2 months, which is the
usual period used for KD diets. However, the KD resulted
in beneficial changes in blood lipid subgroups but had no
effect on total LDL cholesterol, except that it shifted it
from small dense LDL to large buoyant LDL, which could
reduce the risk of cardiovascular disease.’’ The findings of
a previous study concurred with our present findings
regarding higher levels of LDL, as their findings showed
that people who ate a high-fat and low-carbohydrate diet
had unique cholesterol features, such as a continuous rise in
LDL and HDL when compared to subjects who ate low fat
and more carbohydrates. The high LDL was distinguished
by its differing distributions in which the total concentration
of large and floating LDL particles was much higher than
that of small and dense LDL particles, which are defined by
their propensity to cause damage. In addition, the lipopro-
tein profiles were consistent with a high level of insulin
sensitivity.3 ! On the other hand, previous studies
demonstrated that ketosis was related to lower levels of
total cholesterol, triglycerides, and LDL, in addition to a
significant increase in high-density lipoprotein choles-
terol.* Endogenous cholesterol is produced when insulin
levels rise because of high blood sugar levels. The KD has
been found to have the opposite effect by reducing
carbohydrate consumption and lowering cholesterol
synthesis due to the lack of insulin.*® High-fat meals have
been demonstrated to have a considerable favorable effect on
TG when compared to low-fat diets, reducing total choles-
terol and LDL cholesterol while raising HDL cholesterol.™
Our data showed that the increased BHB levels in our
participants resulted in several positive outcomes, including
weight loss, reduced waist circumference, and relief from a
variety of symptoms. Notably, the intervention reduced
levels of IL-1B, a cytokine that activates the immune
system causing a variety of inflammatory disorders when
its levels are elevated. A previous study concurred with our
current findings in that they found that increased levels of
BHB inhibited the secretion of IL-1B from neutrophils in
elderly adults and that increased BHB levels did not
exacerbate the disease but rather reduced their bacterial
burden. This means that BHB has a high potential to
inhibit inflammatory attacks such as gout.3 ° Furthermore,
a previous study also found that BHB is an essential
mediator of amino acid and fatty acid catabolism that has
been shown to be beneficial in treating several
inflammatory and autoimmune diseases, including colitis
and experimental allergic encephalitis.36 The effect of BHB
on the migration of C6 glioma cells in vitro has been
previously investigated, as well as the activation of the
inflammatory mechanism. During therapy, BHB ketone
bodies reduced C6 cell motility, caspase-1 activation, and
the formation of mature IL-1p; these authors showed that
BHB inhibits the response of human glioma cells to IL-1 B.’w
Evidence showed that pro-inflammatory cytokines, including
IL-1B, play an important role in the pathophysiology of
major depressive disorder (MDD), and when rats with this
disorder were treated with BHB, the ketogenic bodies
attenuated depressive behavior as well as the elevation of

IL-1B and TNF-a in the hippocampus of rodents.”®?’ As
previously indicated, other macronutrients in KD can
cause hormonal changes and alterations in the plasma lipid
profiles of patients. Furthermore, during KD, restricted
glucose availability can activate autophagy, which inhibits
the inflammasome at the cellular level.*® Previous studies
also identified several complications associated with KD;
the most common complications were constipation and
increased levels of cholesterol and triglycerides. Moreover,
women often experienced amenorrhea or other
complications associated with the menstrual cycle.’”*" The
obese females investigated in our present study also
experienced similar complications as the levels of total
cholesterol and LDL were slightly increased after 30 days
of KD intake although these increases were statistically
insignificant. The strength of this study is that we show the
positive impact of KD on anthropometric indices and on
the negative regulation of inflammatory activities in the
obese population. In addition, these findings also shed light
on the immunological activities of metabolic signals such
as BHB, implying that dietary or pharmacological
treatments to raise the levels of BHB without generating
the overall starvation response could help to alleviate the
severity of chronic inflammatory disorders. The importance
of KD intake strongly supports our hypothesis in obese
females and also supports the use of BHB as a supplement
for health improvement. However, this study has some
limitations; the most obvious limitation of this study is the
sample size and region from which participants were
selected. It would have been better to include around one
hundred obese females from several different regions. In
addition, the inclusion of a diverse range of participants,
including both females and males from different regions
associated with obesity would further strengthen our
findings.

Conclusions

This study shows that KD intervention resulted in a
considerable loss of body weight, improved BMI, reduced
waist circumference, and also reduced the levels of inflam-
matory activities in obese Saudi women. Specifically, over a
period of 8 weeks, the KD was useful for detecting the pos-
itive impact of the KD on anthropometric indices, along with
biochemical and inflammatory processes. The study also
provides support to the belief that the intake of a KD diet by
obese women induces the release of BHB in the blood
without stimulation of an overall starvation response. This
may be useful to alleviate the severity of chronic inflamma-
tory disorders associated with obesity.
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