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Abstract
The ketogenic diet (KD) is a high-fat, moderate-protein, and low-carbohydrate dietary regimen; resulting in ketosis–a 
metabolic state where fats become the primary energy source. This diet was originally used to as a dietary treatment 
for epileptic seizures but recently been explored to manage type 2 diabetes, and obesity. Due to KD’s high-fat content, 
it may increase blood lipid levels but studies had been inconclusive. Furthermore, there is no systematic review in 
PubMed examining the effects of KD on blood lipids to-date. Hence, we present a systematic review on the effects of 
KD on blood lipids using articles indexed in PubMed prior to 15 October 2024. Fifteen students were included from 
128 articles. Of which 12 of the 15 studies indicated that KD increases total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), and triglycerides (TG), while 3 studies suggested lipid profile improvements in obese individuals. 
This suggests that KD is likely to impact blood lipid profiles negatively for non-obese individuals but may improve 
blood lipid profiles for obese individuals.

Introduction
The ketogenic diet (KD) [1] is a diet consisting of high fat 
intake (60-75% of calories), moderate protein intake (20-
30% of calories) and very low carbohydrate intake (5% of 
calories); which has been known to be beneficial in aiding 
weight loss, enhancing mental clarity and boosting energy 
levels. KD induces a state of ketosis where the body utilizes 
fats as the main energy source in place of carbohydrates; 
and has been found to reduce risk or managing certain 
chronic diseases such as type 2 diabetes, hypertension, 
cancer and hyperlipidaemia [2]. Ketogenesis occurs 
when the liver produces ketone bodies from fatty acids 
and ketogenic amino acids, and is inhibited by insulin. 
There are three main ketone bodies produced in the 
human body: 3-hydroxybutyrate (3-OHB), acetoacetate 
and acetone. Majority of the ketone bodies that circulate 
during ketogenesis comprises of 3-OHB. The ketone 
bodies are used as the main energy source in the heart 
and brain during KD [3]. KD has been used as a dietary 
treatment for epileptic seizures for about 100 years [4]. 
With the advancement of modern medicine, this method 
of treatment has fallen out of favour, except among those 
with drug-resistant epilepsy [5]. The efficacy of KD for 

treating epilepsy is high in patients ranging from infants 
to adults [6]. However, the efficacy is higher for certain 
syndromes compared to others, KD was found to have 
higher reduction rate in patients with Dravet syndrome 
compared to infantile spasms [7]. Besides epilepsy,  KD 
has many potential benefits [8]; such as, reduction disease 
biomarkers, increased mental clarity, weight loss and 
others. 

The incidence of obesity is rising worldwide every year, 
turning it into an epidemic [9]. The rise of obesity in turn 
will cause a rise in cardiovascular diseases, dyslipidaemia, 
diabetes and hypertension in the long run, as obesity is 
a major risk factor for such non-communicable diseases 
[10]. Thus, came the rise of weight loss diets such as KD. 
The KD has been recommended by medical professionals 
to patients that require weight loss diets to combat 
obesity, which has been effective in the short to medium 
time frame [11]. 
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The state of ketosis reduces lipogenesis and increase 
lipolysis [12, 13]. Other drivers of fat loss includes; 
reduction of appetite due to the higher satiety effects 
of high protein consumption [14], better regulation of 
appetite controlling hormones [15], direct action from 
ketone bodies to suppress appetite [16]. 

The effects of KD on type 2 diabetes is due to the fact 
that fat has no major impact on blood glucose levels and 
subsequent insulin secretion as compared to carbohydrate 
consumption [17], with a study found that 46% of patients 
achieved diabetes remission as a result of weight loss 
intervention [18]. However, the study does not address 
those who are not overweight. This led to a rise in research 
for the potential benefits of KD as a treatment for type 2 
diabetes. As such, dietary alterations such as KD should 
be recommended as a potential treatment or disease 
management protocol [19]. 

Despite so, there may be negative effects of KD on blood 
lipid levels – Dreon et al. [20] showed an increase in low 
density lipoprotein (LDL) to high density lipoprotein 
ratio (HDL). Other studies showed that this increase in 
LDL was due to increase in larger sized LDL particles 
with a decrease in small dense LDL particles which are 
more atherogenic [21, 22]. However, there is no existing 
systematic reviews on the effects of KD on blood lipids. 
Therefore, this systematic review examines the effects of 
KD on blood lipids.  

Methods
A PubMed search was conducted on 15 October 2024, 
for existing studies on KD and effects on lipidaemia 
and cholesterol published before 15 October 2024. The 
search terms were (“ketogen*” OR “keto diet*”) and 
(hyperlipidaemia OR “high lipid*” OR “high cholesterol”) 
with the following search URL https://pubmed.ncbi.nlm.
nih.gov/?term=(ketogen*+OR+”keto+diet*”)+AND+(hy
perlipidaemia+OR+”high+lipid*”+OR+”high+cholestero
l”)&filter=dates.1000/1/1-2024/10/15. The exclusion 
criteria are as follows: (A) articles with no full text access, 
(B) articles on non-human subjects, (C) articles with non-
primary studies, (D) articles not about ketogenic diet or low 
carbohydrate diet, (E) articles not about hyperlipidaemia 
or high cholesterol. The articles that passed the exclusion 
criteria were then used in this review.

Results and Discussion
A total of 128 articles were found with the search term 
on PubMed; including 2 systematic reviews, which are 
focused on seizures [23] and epilepsy [24]. After screening 
through the exclusion criteria (Figure 1), only 15 articles 
were included in this review. Of which, 12 studies [25–36] 

show that KD increased blood lipid levels while 3 studies 
[37–39] show that KD decreased blood lipid levels.

Ketogenic Diet Increases Blood Lipid Levels 

Twelve of the 15 studies [25–36] showed increases in blood 
lipid levels. Cervenka et al. [28] investigated the effects 
of Modified Atkins Diet (MAD) – a variation of KD – on 
lipid profiles in adults with epilepsy. They demonstrated 
increases in total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), triglycerides (TG) from a baseline 
before starting KD even though there was also a decrease 
in high-density lipoprotein cholesterol (HDL-C) in the first 
few months of KD up to a year. As majority of the studies 
presented utilised KD as a form of short-term intervention 
during the study, the thematic classification of the papers 
was decided based on lipid profiles presented within a 12-
month period of starting KD. This is supported by Budoff 
et al. [25] who followed participants that underwent KD 
for 4.7 ± 2.8 years and found highly elevated levels of TC, 
LDL-C compared to a control cohort that had no dietary 
intervention. The KD subjects had a mean TC of 369 ± 95 
mg/dL and LDL-C of 272 ± 91 mg/dL compared to the 
control cohort of 205 ± 40 mg/dL for TC and 123 ±38 mg/
dL for LDL-C. This study exhibited an 80% difference in 
mean TC and a 121% difference in LDL-C between the KD 
subjects and control subjects. 

Kwiterovich et al. [31] examined the effects of KD on 
plasma levels of lipoproteins and lipids in 141 children 
by measuring TC, LDL-C, very low-density lipoprotein 
cholesterol (VLDL-C), HDL-C and TG. Results at 6 months 
showed significant increases in TC (mean increase: 58 mg/
dL), LDL-C (50 mg/dL), VLDL-C (8 mg/dL), TG (58 mg/
dL) while HDL-C decreased by 7 mg/dL. At the 12 and 24 
months, the changes persisted but there was a reduction 
in compared to the 6-month mark. Similarly, Nizamuddin 
et al. [33] also investigated the effects of KD in children. At 
baseline before starting KD, 25% of children has TC levels 
above 200 mg/dL, while 1% had levels above 300 mg/
dL. After initiating KD, the proportions rose with 60% of 
children exceeding 200 mg/dL 20% exceeding 300 mg/dL. 
TG levels also increased with 51% of children exceeding 
130 mg/dL and 26% exceeding 200 mg/dL compared to 
the 18% and 5% respectively at baseline before KD. LDL-C 
also showed a rise with 52% of children exceeding 130 
mg/dL compared to 19% at baseline. Conversely HDL-C 
decrease with 24% of children falling below 35 mg/dL 
compared to 7% at baseline. After adjusting for variables 
like age, they found that formula-based diets were 
associated with lower risks of cholesterol levels above 200 
mg/dL. Interventions to the KD, such as changing ratio 
of fats to other macronutrients or addition of medium 
chain triglycerides, were implemented to children that 
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developed high cholesterol. These interventions resulted 
in a 20% reduction in cholesterol levels in 60% of the 
bases [33]. 

Two articles presented are case series presentation. 
Firstly, Goldberg et al. [29] presented a series of case 
reports, all independent of each other, that examined 
the effects of KD on blood lipid levels. The cases saw an 
increase in LDL-C, with one patient having an increase 
of over 300%, from 120 mg/dL at baseline to around 
400 mg/dL while on KD. There was variability in the 
TG response, with some showing a reduction while 
others showing significant increases. This highlighted 
the different outcomes of starting KD with different risk 

factors of metabolic diseases, with some already pre-
existing and others a genetic predisposition from familial 
history. Secondly, Schmidt et al. [36] also examined the 
effect of KD on blood lipid levels in seventeen cases. The 
mean baseline LDL-C before KD was 129 mg/dL (SD ± 
26.6 mg/dL). The patients did a low-carbohydrate, high-
fat diet for an average 12.3 months before measuring the 
blood LDL-C again. Upon second measurement, the mean 
LDL-C was 316 mg/dL (SD ± 160.2 mg/dL) with a range of 
210 – 810 mg/dL among the patients. The authors drew 
the conclusion that undergoing KD for an average of 12.3 
months resulted in an average increase in LDL-C by an 
average of 187 mg/dL, which represents a 245% increase 
from baseline before KD.

Figure 1. PRISMA flowchart.
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Five articles are individual case reports. Firstly, Anekwe 
et al. [26] presented the case of a 57-year-old woman with 
Class I obesity who adopted a KD for weight loss. After 
initiating KD, there was significant increase in TC (from 
206 mg/dL to 353 mg/dL), LDL-C (from 134 mg/dL to 248 
mg/dL) and a slight increase in TG (from 55 mg/dL to 68 
mg/dL). HDL-C saw an increase as well from 63 mg/dL to 
72 mg/dL. The patient then discontinued KD as per her 
doctor’s recommendations and the lipid levels returned 
to baseline after one year post KD. The subject also had 
elevated liver enzymes during her blood tests on the KD, 
which returned to baseline one year after discontinuation. 
Secondly, Buse et al. [27] presented a case report of a 
51-year-old male with history of hypertriglyceridemia 
on treatment with gemfibrozil, developing acute 
pancreatitis after initiating KD for weight loss. Baseline 
TG was approximately 200 mg/dL while on gemfibrozil. 
After starting KD, TG levels rose to 1200 mg/dL, while 
maintaining gemfibrozil dosage. In his case, he developed 
acute pancreatitis by mechanism of increase free fatty 
acids from the elevated triglycerides. The free fatty acids 
potentially causing tissue damage and inflammation which 
led to the pancreatitis,  highlighting the risk of starting KD 
with a pre-existing metabolic disorder. Thirdly, a 5-year-
old girl with Glut1D and seizures was provided with a KD 
as dietary treatment for seizure prevention [30]. This girl 
developed severe hypertriglyceridemia with significant 
elevations in TG and TC. TG levels elevated from a baseline 
of 106 mg/dL to 577 mg/dL after 3 months on the KD. TC 
levels also elevated from a baseline of 135 mg/dL to 231 
mg/dL within the same period of 3 months. Fourthly, Naveh 
et al. [32] presented a case of a 38-year-old man with acute 
hyperlipidaemia. He was an active smoker with normal 
body mass index (BMI) of 21.6 kg/m2. Before starting KD, 
his baseline LDL-C during a 15-year period was ranging 
between 100 mg/dL and 140 mg/dL. After initiating KD, 
his LDL-C rose almost five times his usual range, up to 
496 mg/dL. He was then recommended pharmacotherapy 
via ezetimibe and a change of dietary patterns to include 
lower saturated fat consumption. LDL-C levels decreased 
to 173 mg/dL after a few weeks on the treatment. Lastly, 
Norwitz et al. [34] showcased a 26-year-old man with 
ulcerative colitis adopting a KD experiencing significant 
elevations in his lipid profile. LDL-C rose from 95 mg/dL 
pre-KD to 521 mg/dL after one year on KD. TC also saw a 
significant rise from 160 mg/dL after one year to 649 mg/
dL after one year on KD. 

Ketogenic Diet Decreases Blood Lipid Levels 

Three of the 15 studies [37–39] show that KD decreased 
blood lipid levels. Firstly, Yancy et al. [39] conducted 

a randomised controlled trial over 24 weeks with 120 
overweight participants with elevated lipid levels (TC, 
LDL-C or TG) but no serious medical condition, to compare 
effects of KD to a low fat and low cholesterol, calorie 
reduced diet. The study found that the KD group had 
greater changes in lipid levels. There was a decrease in TG 
(157.8 mg/dL to 83.6 mg/dL), and an increase in HDL-C 
levels (55.4 mg/dL to 60.9 mg/dL), in the KD group. For 
LDL-C, there was no change on average (157.2 mg/dL to 
158.8 mg/dL). Secondly, Paoli et al. [38] examined the 
effects of ketogenic Mediterranean diet with phytoextracts 
on weight, body composition and cardiovascular risk over 
six weeks with a measurement before and at the end. 
Participants were of BMI ≥ 25 kg/m2. Results showed 
significant decrease to TC (204.2 mg/dL to 181.1 mg/
dL), LDL-C (149.7 mg/dL to 135.8 mg/dL), and TG (118.6 
mg/dL to 93.8 mg/dL). There was a significant increase in 
HDL-C levels (46.2 mg/dL to 52.1 mg/dL). By the end of six 
weeks, there was an average decrease in body weight, BMI, 
waist and hip measurements, as well as an improvement 
in body composition. Lastly, Dashti et al. [37] studied the 
effects of long-term KD in obese subjects with pre-elevated 
TC levels by following 66 healthy obese individuals with 
BMI > 30 kg/m2 for 56 weeks, taking measurements 
every eight weeks. Out of the 66 participants, they were 
grouped into two groups, group I had pre-existing high 
cholesterol level above 6 mmol/L, and group II with 
normal cholesterol level less than 6 mmol/L. There were 
35 subjects in group I and 31 subjects in group II. By week 
56, only 49 subjects completed the full study, 26 from 
group I and 23 from group II. Over the 56 weeks there 
was a significant reduction in TG, it decreased from 4.25 
mmol/L to 1 mmol/L, and from 2 mmol/L to 1 mmol/L 
on average in group I and II respectively. LDL-C also 
decreased significantly from an average of 5.4 mmol/L to 
3.5 mmol/L in group I, and 3.6 mmol/L to 2.5 mmol/L in 
group II. TC significantly decreased for group I, going from 
an average of 7 mmol/L to 5 mmol/L, which falls within 
the study’s normal range for TC of 3.4 to 6 mmol/L. TC 
decreased for group II as well, going from 5 mmol/L to 4.6 
mmol/L. HDL-C saw a significant increase for both groups, 
going from 1.05 mmol/L to 1.6 mmol/L and 1.23 mmol/L 
to 1.62 mmol/L for group I and II respectively. Both groups 
saw significant reduction in body weight and BMI. 

Of the three studies found to show a decrease in lipid 
levels, Dashti et al. [37] conducted the longest study of 56 
weeks, with the shortest being 6 weeks by Paoli et al [38]. 
All three studies had subjects who were obese – BMI ≥ 25 
kg/m2 – with varying degrees of lipidaemia. This suggests 
a reduction of lipid levels in obese individuals undertaking 
the KD.
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Conclusion
The KD presents an alternative dietary therapy to 
individuals looking to lose weight as well as a form of 
treatment for individuals with epilepsy. The individuals 
can have high adherence to the diet as they only need to 
keep carbohydrate intake under control. The presence 
of excess fat intake leads to the rise of serum lipid levels, 
specifically LDL-C, TC and TG. The exposure to elevated 
lipid levels can have negative impacts on health and CVD 
risk. However, KD has proven beneficial in lowering blood 
lipids in obese individuals, although longer term studies 
are required to understand the effects after individuals 
are within the normal weight range.
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