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Abstract l
A dietary intervention is a common approach for managing weight, lipid
profiles, and other metabolic parameters. A high-fat ketogenic diet (HFKD)

and a low-fat diet (LFD) are two popular dietary strategies; however, their Article History

effects on various health metrics can differ. The aim of this study was to Received: 12 November
compare the effects of these diets on body weight and cardiovascular risk 2024

factors in overweight/ obese women. In this randomized controlled trial, 28 Accepted: 12 December
participants were divided equally into an HFKD group and an LFD group. 2024

The participants body weight, BMI, fat distribution, lipid profiles, glucose

levels, and blood pressure were measured at baselines and in 12-week g:%lvi\:)?/::iular Disease
of the intervention. The results shows that HFKD and LFD significantly (Cvd);

reduced body weight (13% and 10%, respectively, p <0.001) and BMI (13% Ketogenic Diet;

and 9%, respectively, p <0.001). HFKD significantly reduced triglycerides I(‘)%V;Si?/t Diet;

by 25% (p = 0.029), while LFD significantly reduced total cholesterol by 9% Weight Loss.

(p=0.014) and LDL by 21% (p = 0.030). HDL levels were not significantly
changed by either diet. HFKD significantly decreased glucose levels
(13%, p = 0.006) and systolic blood pressure (SBP) (7%, p = 0.044).: In
this study, both HFKD and LFD effectively reduced body weight and BMI
over 12 weeks but showed different effects on cardiovascular risk factors.
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Introduction

The global rise of overweight and obesity is a
pressing health concern which can increases the
risk of cardiovascular diseases (CVDs). According to
the World Health Organization (WHO), obesity has
tripled since 1975." Globally, over 2.5 billion adults
aged 18years and older were overweight, and 890
million were obese (43% of men and 44% of women)
in 2022.2 In Saudi Arabia, the situation is even more
concerning. In 2016 WHO reported that the obesity
in KSAis reached 20.2%, and overweight 38.2% and
were higher in women (21.4%) than men (19.2%).3
Various strategies, including dietary modifications,
increased physical activity, medication, and surgical
interventions, have been proposed to address
this growing public health issue.* Although there
is general agreement on weight loss strategies,
specific approaches, such as diet plans, exercise
routines, and medications, can vary.® Recently,
high-fat, low-carb ketogenic (keto) diets have gained
significant interest. According to McGaugh and
Barthel (2022), the keto diet was the most searched
diet on Google in the US in 2022, with over 25 million
searches.® The keto diet involves drastically reducing
carbohydrates to less than 50 grams per day and
replacing them with a high proportion of fats and

a moderate amount of protein.” This diet induces
a metabolic state called ketosis in which the body
shifts from using glucose as its primary source of
energy to using ketones, which are produced from
the breakdown of fats.® This shift occurs because
a low intake of carbohydrates significantly reduces
blood glucose and insulin levels, prompting the
body to utilize stored fat for energy.® In a review
study emphasized that ketogenic diets can lead
to significant reductions in body weight, BMI, and
waist circumference as well as improvements in
lipid profiles, including reductions in triglycerides
and increases in HDL cholesterol.” These changes
are crucial because abdominal obesity is a major
risk factor for CVD.'"%"" Although the Saudi Ministry
of Health (2020) acknowledged the effectiveness
of the keto diet for treating epilepsy with medical
supervision, worldwide, research on its use for
weight loss and other health benefits is ongoing. The
WHO emphasizes diversifying food choices to meet
the body’s needs and prevent chronic diseases.
The aim of the present study was to compare the
effects of a high-fat ketogenic diet (HFKD) and a
low-fat diet (LFD) on weight loss, lipid profiles, and
CVD risk factors in overweight and obese women.
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Fig 1. Flow of the study participants through the intervention
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Materials and Methods

Study Design and Participates

The study was a 12 week randomized controlled
trial with a single blind design, involving 28 healthy
overweight or obese women who were randomly
assigned to either the HFKD group (n = 14) or the
LFD group (n = 14). The randomization schedules
were created using a centrally controlled, computer
generated random number system accessible via
the internet, and were concealed until an eligible
participant was ready for enroliment.” All study
participants were recruited from Al-Ahsa Province,
Saudi Arabia from January to April 2023. The
inclusion criteria were an age of 18 and 40 years and
BMI (the weight in kilograms divided by the square
of the height in meters) between 25 and 34.6 kg/m?
and fat percentages between 30% and 50%, and
not suffering from chronic diseases. The exclusion
criteria included people with chronic diseases,
pregnancy, lactation, treatment for high blood lipids,
individuals who following a weight loss program or
took weight loss medication and/or use of dietary
supplements. The study was approved by the King
Faisal University Ethics Committee (KFU — REC —
2021 — OCT EA00089) and registered at (https:/
clinicaltrials.gov) (ID: NCT05811702). The study was
adhered to the Declaration of Helsinki guidelines.
All participants provided informed consent before
enroliment in this study (Figure 1).

Diet Interventions
Participants in the HFKD group (n = 14) were
designed to follow a high fat diet with 70% fat, 10%
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carbohydrates and 20% protein from total energy
intake (according to their daily calorie requirements
for 12 weeks.™'® The LFD group (n = 14) were
designed to follow a low-fat diet with 20% fat, 55%
carbohydrates and 25% protein from total energy
intake daily for 12 weeks (Figure 2). Both diets were
equal in terms of total energy intake but differed with
regard to macronutrient content (fat, carbohydrates
and protein). The LFD group was consumed various
carbohydrates in their daily meals however, avoiding
food high in sugar, white bread, pastries, sugary
drinks. Saturated fat was kept below 10% in both
diets and no supplements, artificial sweeteners, or
other food and drink items were allowed for both
group diets. All the participants received weekly meal
plans that included breakfast, lunch, dinner, and
snacks and counselling sessions with dietitian with
advice during the 12 weeks. The education session
for meal plans and supported participants provide
by the dietitian for all participants. The daily energy
requirement for each participant was based on the
basal metabolic rate, which was calculated using the
modified Harris—Benedict equation and multiplied
by an individua.'® All the participants were providing
photograph and lists food recorded that participant
ate daily in different diet groups.’ All participants
were required to wear smart watch during the 12
weeks of following the diets to record their regular
physical activity. Participant were advice to maintain
a physical activity level of 8,000-10,000 steps per
day throughout the 12 week intervention period. For
the HFKD group, ketone concentrations in urine were
measured using reagent slides to ensure ketosis.®
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Fig 2. Macronutrients content in a high-fat ketogenic diet (HFKD) and a low-fat diet (LFD).
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Anthropometric Measurements and Blood
Samples

The primary outcome on this study was change
in body weight, body fat and BMI. The secondary
outcomes including lipid prefile (Total cholesterol,
LDL, HDL and triglycerides), glucose levels, and
blood pressure. Anthropometric measurements
were conducted in the early morning, between
8:00 a.m. and 11:00 a.m. after an overnight fast of
8-12 hours. The body weight, and fat percentages,
of all participants were obtained weekly using
InBody (body composition analyzer) 170 device
(Biospace, Seoul, South Korea) at the nutrition

clinic at King Faisal University. Blood pressure was
measured weekly, and participants were rested for
30 min, and the mean of triplicate measurements
was recorded with an OMRON-M6 automatic
digital (HEM-7211-E8) Comfort Upper Arm Blood
Pressure Monitor. Blood samples were collected,
after participants had fasted for 8 hours to measure
plasma glucose, total cholesterol, triglycerides, LDL,
HDL, HbA1c, and urinary albumin (Analyzer Vitros,
5600, Ortho Clinical Diagnostics) at the health
center at King Faisal University. Blood samples were
analyzed at the baseline and at 12 weeks.

Table 1. Baseline characteristics of study population’

Characteristic HFKD LFD

n 14 14
Age, y 26.2+56 26.9+7.0
Body weight, kg 76.9+85 73.1+6.7
High, cm 158.6 £ 2.6 157.5+4.2
BMI, kg/m 30627 29.0+3.0
Waist circumference, cm 88.6 +9.8 84.4+7.6
Subcutaneous fat, % 449+7.3 435+7.0
Visceral fat, level 12.7 11.6+4.6
Total cholesterol, mmol/L 187.6 + 32.1 169.2 +21.2
Triglycerides, mmol/L 71.1+35.0 85.9 + 38.1
HDL cholesterol, mmol/L 67.4 +28.8 59.7 +16.3
LDL cholesterol, mmol/L 112.5+29.8 120.3+64.4
Glucose, mmol/L 98.6 +9.2 89.4 +11.1
HbA1c, % 50+04 52+0.3

'Data are presented as mean (SD), unless otherwise indicated. BMI
refers to body mass index (calculated as weight in kilograms divided
by height in meters squared). HDL stands for high-density lipoprotein,
and LDL stands for low-density lipoprotein.

Statistical Analysis

Power calculations were conducted based on
changes in body weight, BMI, and body fat
percentage from a previous study.'® The required
sample size was estimated using a t-test for the
two groups with the G*Power program. Data
were expressed as mean + standard deviation
(SD) and percentages to describe and compare
responses among individuals. The normality of the
data was assessed before analysis. Paired t-tests
and chi-square tests were employed to compare
mean values at baseline and after 12 weeks. An

independent samples t-test was used to compare the
effects of the diets after 12 weeks. IBM’s Statistical
Package for Social Sciences (SPSS) version 23
was used for analysis, with statistical significance
setat p < 0.05.

Results

Characteristics of the Participants

The characteristics of the study population are
summarized in Table 1. A total of 28 eligible
overweight/ obsess participants were randomly
assigned to the HFKD (n=14) and LFD (n=14).
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The participants were women aged 18-40 years
with a BMI of 25-34.6 kg/m? and a fat percentage
of 30-50%. The participants were in good health
and free from any food allergies that could impact
their dietary adherence. There were no significant
differences between two group in the participants’
baseline characteristics, anthropometric data, or
laboratory measurements. The average age, weight,
height, BMI, and waist circumference values were
show in Table 1. The serum lipid, blood glucose,
and HbAIc levels were within the normal range for
all participants. No side effects were reported by the
participants during the intervention. The participants
in this study demonstrated a high compliance
rate, with over 95% adhering to the prescribed
macronutrient targets. This adherence was verified
through dietary records and, for the HFKD group,
ketone monitoring. Any deviations from the dietary
protocols were promptly identified and rectified
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during counseling sessions, ensuring consistent
adherence throughout the intervention period.

Body Composition

As presented in Table 2, both dietary interventions
resulted in statistically significant reductions in body
weight, BMI, and body fat. Body weight decreased
from 76.9 + 8.5 kg to 66.54 + 7.7 kg in the HFKD
group, representing a 13% reduction, and from
73.11 £ 6.7 kg to 65.4 + 6.1 kg in the LFD group,
representing a 10% reduction. BMI decreased by
13% in the HFKD group and by 9% in the LFD
group; both changes were statistically significant
(p < 0.001). Visceral fat level in HFKD group were
dropped from 12.7 £ 4.9 to 9.6 + 4.0, representing
a 24%, and subcutaneous fat % decreased by 10%
in the HFKD group; these changes were statistically
significant (p < 0.001).

Table 2. Changes on body weight, BMI and body fat before and after the 12-weeks intervention?

Parameter Before HFKD After HFKD P-value % Before LFD After LFD P-value %

Body weight (kg) 76.9+85 66.54+7.7 <0.001* 13% 73.11+6.7 654+6.1 <0.001* 10%
BMI 30.57+27 26.50+27 <0.001* 13% 29.0+£3.0 26.2+29 <0.001* 9%
Subcutaneous fat, % 43.4+7.0 389+7.3 <0.001* 10% 44.89+7.3 39.0+x51 <0.001* 13%
Visceral Fat (level) 12.7+4.9 96+4.0 <0.001* 24% 11.6+4.6 96+4.2 <0.001* 17%

2Body weight, BMI, and body fat of participants before and after following the high-fat ketogenic diet (HFKD) (n=14)
and low-fat diet (LFD) (n=14). Values are presented as means + SD. Data were analyzed using paired-samples

t-test, with *p < 0.05 indicating statistical significance.

Cardiovascular Diseases Risk Factors

Our results indicate a decrease in total cholesterol
levels with a statistically significant effect
(P < 0.05) in the LFD group, showing a reduction
of 9%. In contrast, the HFKD group experienced
a 3% decrease in total cholesterol, which was not
statistically significant (P > 0.05). For participants
following the HFKD, there was a significant decrease
in triglyceride levels by 25% (P = 0.029), whereas
the LFD group showed a slight 6% increase
in triglycerides with no significant difference
(P > 0.05) at a 95% confidence level. Additionally,
significant differences in LDL levels were observed:
the LFD group had a significant 21% decrease
(P < 0.05), while the HFKD group had a very slight,
non significant decrease of 1% (P > 0.05). As for

HDL levels, both diets saw a decrease 4% for the
HFKD and 15% for the LFD—with no significant
differences before and after the participants followed
the diets (Table 3). In the HFKD participants, there
was a significant decrease in fasting glucose levels
of 13% in this group (p = 0.006) after followed the
diet for 12 weeks but no significant change in the
LFD group (p > 0.05). However, there was a slight
decrease in cumulative sugar of 0.9%, which was not
statistically significant (p > 0.05) in the HFKD group.
Regarding SBP, there was a statistically significant
decrease of 7% in the HFKD group (p = 0.04). These
results showed that, while both diets resulted in
some changes, HFKD had more significant effects
on triglyceride, glucose levels and SBP than LFD
(Table 3).
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Table 3. Impact of HFKD and LFD on Cardiovascular Risk Factors during the 12-Week Intervention®

Before LFD  After LFD P-value

Parameter Before HFKD After HFKD P-value %
Total cholesterol (mg/dl) 187.6 +32.1 180.7 £ 31.4

Triglycerides (mg/dl) 85.8+38.1 64.3%15.1

HDL (mg/dl) 59.6+16.3 57.1+184

LDL (mg/dl) 112.5+29.8 111.4+249

HbAic (%) 5.0+04 49+04

Glucose (mg/dI) 98.6 +9.2 85.0+9.0

SBP (mm Hg) 123.5+11.8 114.7+14.3

DBP (mm Hg) 744+75 747 £11.2

0.398 3% 169.2+21.2 153.0+23.0 0.014*
0.029* 25% 71.1+£35.0 756445 0.419
0.653 4% 67.4+288 56.6+x185 0.053
0.870 1% 120.3+64.4 93.9+457 0.030*
0.709 09% 5.2%0.3 52+05 0.696
0.006* 13% 89.4+11.1 904106 0.522
0.044* 7% 115.0+155 113.9+11.8 0.836
0.921 03% 71.9+9.7 671.£76  0.155

3Total cholesterol, triglycerides, HDL (high-density lipoprotein), LDL (low-density lipoprotein), HbA1c, glucose,
SBP (systolic blood pressure), and DBP (diastolic blood pressure) of participants before and after following the
high-fat ketogenic diet (HFKD) (n=14) and low-fat diet (LFD) (n=14). Values are presented as means + SD. Data
were analyzed using paired-samples t-test, with *p < 0.05 indicating statistical significance.

Discussion

In this intervention study, we tested the hypothesis
that a high-fat ketogenic diet (HFKD) would be more
effective for weight loss compared to a low-fat diet
(LFD) in overweight and obese healthy women.
Our finding found that significant weight loss and
body mass reductions in both groups. Similarly,
studies have observed comparable weight loss
results between high-fat ketogenic diets (HFKD)
and low-fat diets (LFD), primarily due to reduced
calorie intake.?*?' Research comparing the effects
of different diets on liver fat percentage in obese
adults also found similar weight loss across groups.??
Moreover, evidence suggests that HFKD and LFD
are equally effective for weight loss, although some
findings indicate that HFKD may lead to greater
reductions in body weight.'®? The difference in
these results could be due to individual differences
in response to diet, study duration, or calorie intake.
Our study also revealed improvements in blood
lipid levels in both groups, total cholesterol and LDL
levels significantly decreased in the LFD group,
while triglyceride levels significantly decreased in the
HFKD group. These findings support the importance
of dietary fat type in cardiovascular health.?42°
As previously mentioned, in our study, both diets
limited saturated fat to less than 10% and primarily
used olive oil, which is high in monounsaturated
and polyunsaturated fatty acids and beneficial for
cardiovascular health.?6?7 Elevated triglyceride
levels are associated with high carbohydrate intake
because excess carbohydrates can be converted to

triglycerides.? Furthermore, excess carbohydrates
can be converted into triglycerides through a process
called de novo lipogenesis.?® When carbohydrate
intake exceeds the body’s immediate energy needs,
the surplus is converted into fatty acids in the liver,
which are then esterified to form triglycerides.*®
These triglycerides are transported to adipose tissue
for storage.?® Arecent study reported that participants
who followed a high-carbohydrate diet had higher
triglyceride levels than those on a low-carbohydrate
die.® Moreover, recent studies suggested that
carbohydrate reduction and restriction can help
lower triglyceride levels and improve overall lipid
profiles and cardiovascular health.3233

This study showed decreases in total cholesterol
and LDL levels in the LFD group, which is consistent
with previous research.?* No significant difference in
LDL levels was observed in the HFKD group, which
is in line with previous studies that observed weight
loss but increased LDL levels with HFKD.23:34.3%
Previous studies have investigated the effects
of LFD on lipid profiles and found a significant
reduction in LDL cholesterol levels, possibly due
to reduced saturated fat and cholesterol intake.®®
A 12 month randomized trial revealed that a low-fat
diet (LFD) significantly reduced LDL cholesterol
compared to a low-carbohydrate diet.> This finding
aligns with our findings and suggests that reducing
dietary fat intake can lead to favorable changes
in LDL levels. Furthermore, our results indicated
that HFKD contributed to a statistically significant
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reduction in blood glucose levels, which aligns with
studies that found a significant reduction in the blood
glucose levels of participants following low-carb
diets.?'%:3940 One of the mechanisms of decreased
level of blood glucose is induces a state of ketosis
in which the body relies on fat for energy instead
of carbohydrates, leading to various metabolic
adaptations.® HFKD involves limited carbohydrate
consumption (10% of total energy intake in this
study), which directly reduces blood glucose levels.
Moreover, the metabolic state of ketosis enhances
fat oxidation and reduces glucose utilization, which
leads to lower insulin levels.4'42

Conclusion

To the best of our knowledge, this trial is the first
controlled intervention study to directly compare the
effects of a high-fat ketogenic diet (HFKD) and a
low-fat diet (LFD) on overweight and obese women
in Saudi Arabia. Our findings demonstrate that
HFKD and LFD both led to significant weight loss
and improvements in CVD risk factors, with distinct
benefits observed for each diet. HFKD was led to
significant lower triglyceride levels, improvements in
glycemic control and SBP and visceral fat reduction,
emphasizing its potential for enhancing metabolic
health. In contrast, LFD was particularly effective in
lowering cholesterol levels, making it advantageous
for individuals focusing on lipid profile management.
These results underscore the importance of calorie
restriction, dietary fat type, and individual variability
in managing obesity and associated health risks.
Future research should involve larger sample sizes
that include both genders, with extended study
durations, to explore the long-term effects of these
dietary interventions on obesity treatment and
weight loss. Additionally, further investigation into
the mechanisms underlying the impact of HFKD and
LFD on health outcomes is needed.
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