JAMBI MEDICAL JOURNAL

p-lssn : 2339-269x
e-Issn : 2580-6874

Jurnal Kedokteran dan Kesehatan

Vol. 12, No. 1, May 2024

DOI: 10.22437/jmj.v12i1.29416
Journal homepage: https://online-journal.unja.ac.id/kedokteran

Review

Effect Of Ketogenic Diet In Obese Patients With Type 2
Diabetes : A Systematic Literature Review

Shelly Juliska?!, Anita Rahmiwati?, Novrikasari®

123 Faculty of Public Health Sriwijaya University, Sumatera Selatan, Indonesia
E-mail Corresponding: shellyjuliska@gmail.com

Article History:

Received Nov 27, 2023
Accepted Jan 30, 2024

Keyword:

Ketogenic Diet
Type 2 Diabetes
Clinical Trial

ooge

© 2024 Jambi Medical
Journal
Published by Faculty of

Medicine and Health
Science Universitas
Jambi.

This is an open access
article under the CC BY-
NC-SA license

https://creativecommons.
org/licenses/by-nc-sa/4.0/

ABSTRACT

Background: Diabetes is nhon communicable diseases and fastest
growing diseases worldwide, that cause many complications, lead to
increased mortality and decreased quality of life in individuals.
Diabetes complications can controlled by dietary intervention.
Ketogenic Diet (KD) is one of trusted method that having beneficially
effects for patients with Type 2 Diabetes Mellitus (T2DM). This paper
aim to investigate the effect of KD in the patients T2DM.

Methods: This paper used the systematic review. Articles are selected
using the PRISMA (Preferred Reporting ltems for Systematic Reviews
and Meta Analysis) based on google scholar and PubMed. The
inclusion criteria in this writing are articles published within the last 5
years with keywords “Ketogenic Diet, Type 2 diabetes, clinical trial.
Results: The results show that KD had significantly beneficial effects
on weight, Body Mass Index, Cholesterol, Blood Sugar, Fasting Insulin
and HbAlc were decrease and quality of sleep were increased after
intervention (p value < 0,001).

Conclusion: KD can controlled the body weight, blood glucose, lipids
and also good for increased sleep quality in patients T2DM but have a
low adherence for long term persistence.

INTRODUCTION

Diabetes is one of the diseases of the
endocrine system characterized by increased
blood sugar levels and causes various
complications that can cause death and
disability that reduce a person's quality of life.
The prevalence of the disease continues to
increase every year and is expected to affect
693 million adults by 2045*. According to the
World Health Organization (WHO), diabetes is

a non-communicable disease that is a major
burden on health globally and is ranked 7th
cause of death due to non-communicable
diseases worldwide?.

Diabetes is categorized into two types,
namely type 1 diabetes (T1DM) caused by
damage to pancreatic beta cells that produce
insulin and type 2 diabetes (T2DM) caused by
disruption of the body's response to insulin
(insulin resistance)®4. T2DM is a type of
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chronic metabolic disease with a high
incidence rate of disease that causes high
morbidity and death rates worldwide due to
multiple complications®¢. T2DM can cause
complications in both the macrovascular
system (cardiovascular disease) and the
microvascular system (diabetic  kidney
disease, blindness, kidney failure and
neuropathy*+78 which pose a very high
financial burden for treatment and care both in
developed and developing countries?.

Therefore, research on the
management and efforts to prevent disease as
well as prevent disability and complications
due to this disease continues. One of them is
through an approach to nutritional modification
with various diet programs for people with
T2DM disease. There is a lot of empirical
evidence that supports that modification of the
diet of T2DM sufferers is a very cost-effective
strategy and has high efficacy in prevention
and management efforts in  T2DM
sufferers®1%, One diet recommended for
T2DM sufferers is a low-carbohydrate diet that
contributes to a decrease in blood glucose in
T2DM sufferers. However, the optimal amount
and source of carbohydrates in this case is still
unclear®.

Based on relevant data, a low-
carbohydrate diet, adequate and quality sleep
and adequate physical activity can maintain
blood sugar levels and help lose weight in
T2DM sufferers with obesity®'°, There are
several types of low-carb diets, including the
ketogenic diet and the Mediterranean-plus
diet*6.10-15, The ketogenic diet is a diet pattern
with a very low carbohydrate diet composition
(20-50 grams per day), high in fat and enough
protein'®. Ketogenic diets force the body to
break down fat into energy. Very little
carbohydrate intake will encourage the
occurrence of a condition of "ketosis" where
the body will break down fat as a source of
energy as a substitute for glucose®1519,

At first, KD was used as a therapy for
epilepsy in children and adults then continued
to develop use in therapy in patients with
cancer, heart, diabetes including obesity?!®.
The application of KD as an intervention for
T2DM sufferers began with various studies
that found that obesity is one of the risk factors
that greatly affect the incidence of T2DM and
its complications®. In addition, KD is also
believed to improve sleep quality which is also
an important factor in the stability of blood
sugar levels?°. Seeing the many benefits of KD
on T2DM sufferers, it is necessary to conduct
further reviews on what are the effects of KD
on T2DM sufferers as an effort to improve the
quality of life of T2DM sufferers and efforts to
prevent complications from this disease.

METHOD

The systematic preparation of this
review is carried out by the process of
searching, identifying, reviewing, selecting
and selecting studies related to the effects of
dietary ketogenesis on T2DM patients. The
systematic preparation of the review begins
with the search for articles relevant to the
study on the search engines google scholar
and PubMed by applying the PRISMA
guidelines which contain guidelines for
preparation steps consisting of Identification,
Screening, Eligibility and Included.

To be eligibility, the article search
format in this study uses the PICO
(Population, Intervention, Comparator,
Outcome) question format:

P — Population = T2DM sufferers,
population at risk of DM

| — Intervention = Ketogenesis diet

C — Comparator = Other types of low
carbo diets

O — Outcome = HbA1C, body weight,
lipids, glycemic index and sleep quality.
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Figure 1. Study selection PRISMA flowchart diagram

The approach in data analysis used is
guantitative descriptive study design. Data
analysis was carried out by reviewing various
previous studies. Furthermore, the data will be
displayed in the form of a table containing
descriptive text about the effect of dietary
ketogenesis on T2DM sufferers. The inclusion
criteria in this study are research conducted in
the period 2018 — 2023, using a clinical trial
study approach with variables of weight,
cholesterol, fat, HbAlc, glucose in the blood
and glycemic index.

Initial search results in the database
using the keyword "diet ketogenesis and type

RESULT AND DISCUSSION

In all reviewed articles found that
ketogenesis diet has a significant effect on
weight loss, HbAlc levels in the blood, fasting
blood glucose, fasting insulin, glycemic index,

2 diabetes, clinical trial" resulted in 24 2
articles related to dietary ketogenesis and
type 2 diabetes in the last 5 years. After
screening, 31 articles with relevant titles and 3
duplicated articles were obtained so that 28
were obtained. Of the 28 articles, only 20
articles can be accessed in full, but 3 articles
do not use clinical trial methods, 2 articles do
not apply dietary ketogenesis as an
intervention and 1 article is a systematic
review so that the final results of the articles
reviewed are 7 articles.

triglycerides, High Density Lipid (HDL), Low
Density Lipid (LDL), Body Mass Index (BMI)
with significant values (p value < 0.005).
However, in one article it was also found that
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although ketogenesis diet provides benefits
for patients with type 2 diabetes mellitus
(T2DM).

In addition, one article found that
ketogenesis diet can continuously improve
sleep patterns in patients with T2DM and
prediabetes where sleep quality increases,
sleep disturbances decrease and sleep
duration becomes significantly longer (p value
< 0.001). Improvements in sleep quality in
patients with T2DM and prediabetes in this
study affect diabetes status (glicemic control
and drug use). However, this type of diet is
difficult to implement in the long term because
of the low level of adherence. The results of
the reviewed articles are as shown in the
following Table 1.

DISCUSSION

From the results of the systematic
review, it was found in the results of the 7th
study that ketogenic diet in T2DM patients has
a significant influence and can be considered
as one of the diet therapies in interventions to
lose weight and glycemic levels and control
the improvement of cholesterol levels in T2DM
patients with obesity and increase high density
lipid (HDL) levels which are good for health.
Obesity that is often found in diabetic patients
has a very close relationship with health
status, especially in inflammatory conditions in
mitochondrial dysfunction, oxidative stress in
the endoplasmic reticulum and
hyperinsulinemia. Weight control is one of the
efforts in intervention strategies to reduce
insulin resistance triggered by obesity®.

Ketogenesis diet which is a low-
carbohydrate, high-fat and normal protein diet
which in these 7 studies provides ketogenesis
diet intervention with an average carbohydrate
intake of 30 gr, 60 g protein and 130 g fat is
proven to be able to reduce HbAlc levels,
body weight and triglyceride levels in the
blood. This is in accordance with the results of
research that ketogenesis diet will cause a
ketosis condition in the body?!. Low
carbohydrates consumed will reduce glucose

levels in the blood and also force the body to
look for alternative ingredients as energy
sources, one of which is fat so that it affects
weight loss.

This restriction of carbohydrate intake
also contributes to a decrease in
monosaccharide absorption, more stable
fluctuations in blood glucose and even a
decrease in glucose in the blood which
indicates an improvement in glucose
metabolism for T2DM sufferers®. As in 2
studies which found that Kd caused a
decrease in average glucose concentration by
1.29 mmol / L and a decrease in HbAlc by
1.07%. in addition, KD also increases HDL
concentrations. So we can conclude that KD
has a good role in controlling glycemia and
lipid profiles in T2DM sufferers. The control
group in the study that followed a routine diet
of diabetes or other types of diets with higher
carbohydrate intake levels in 4 studies
showed higher HbAlc values and body weight
and lipid profiles compared to the group
identified with KD and slower decreases in
HbAlc and body weight when compared to
the KD group. Researchers also found that KD
would be more effective when applied as an
intervention to patients who were still in the
prediabetes phase*68.16,

In addition to macrovascular and
microvascular complications, T2DM sufferers
also tend to experience sleep disorders
related to hyprglicemia conditions. Lack of
quality sleep in patients with T2DM will be a
risk factor for obesity and various disorders of
the body system including causing oxidative
stress in the body'®2l. In one study it was
found that weight loss and blood sugar levels
in T2DM sufferers were effective in improving
the quality and quantity of sleep which
triggered a decrease in the incidence of apnea
and hyponea indices (AHI) which can help
reduce HbAlc levels in the blood in T2DM
sufferers?°.
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Table 1. Summary of characteristics of Included Studies

tasting plasma gluzoze (FPG) 7.0 mmall, ar
2-h glucose oral glucose tolerance test 111
mmall and age 48 - 72 vears,

cardiovascular, kidney, or ary ather
diabetes complications, involved in
aregular exercise routing [3 days of
structured exercize per week] LCHF
diet, or urwiling to conzume the
provided meat-containing diet

pefiods in a randomized crossover design:
Tl ~Fat low -Gl diet (GL), 2] low -
carbohydrate high-fat diet (LC), and 31 LC

with 15-min postmeal walks.

Flace Study Design lnt;;::;';l:n Incluzion Criteria Exclusion Criteria Interventions M Outcomes
Sand Bay Area RCT 12 weeks figez 18 years with prediabetes weight {110 bz [S0kg] BMIz40 | Comparing 2 metabalically distinct diets 33 | Hb&lz, LOL Chalesteral,
diagnosis ( HbA1c 5.7 - 6.4% or fasting | kaim: LOL chalestero 130mgldL; | between wel-formulated ketogenic diet ‘weight Lozz and HOL
glucose 100-125 mg/dL) or T2DM | svstalicblood pressure > W0 matd), | (WFKD) and Mediterranean-plus diet (Med-
(HbA1c=6.5% or fasting glucose = 126 | & diazstalic blood pressure > 30 Pluz)
L) mmHg; taking antihwperglycemic
medications and weight lozz
medications
Fuijian Province, RCT 12weeks | Ageld-S0wears, EMIz25kalm2, newly | Patients who had complicationwith | Randomizedinterventionintotwo groups, | 60 [Hbdle, Weight, Body Maz=
China diagnosed as TZOM (Tupe 2 Disbetes | serious hear, liver, lung, kidnever | ketogenic: diet (KT group which waz given Incdes [EMI), Waist,
Mellituz), HbAlz <1024 and withaut brain dizease orhistory of serious | ketogenic diet and Contral Group with Triglyceride, Cholesteral,
medication history of hypoglucemic agent. | acute or chronic complications far routing diet for disbetes Fasting Gluzoze and
disbetes those who undervent Fasting Insulin
infection, pregnancy, trauma or
surgery and pregnant of lactating
women and thaze who used drugs
that may cause glucose metabaolizm
disorders
Kelowna,BC | Randomized | ddays | Individualz with phyzsician-diagnosed TZD | Patient with exogenous insulin, and | three short-term contralled-intervention = Glycemic Index
Canada Trial with glyzated hemaglobin [HbAl:) 6,55, have been diagnosed
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Flace Study Dezign lngz'::{i'gﬁn Incluzian Criteria Enclusion Criteria Interventions M Outeomes
Maszachuszets,)  Man Tyears | Patients between age 21 and B9 years with either 3 Fatient with diabetes Patients received individual ized quidance in achieving nutritional ketosis, | 262 Sleep quality indes, weight,
Boston | Randomized diagnosis of T20 and 2 BMI» 25 kgtmZ or complications bypic.ally inchuding restriction of daily distan carbokydrates toless than 30 q Fasting blood gueose, HiAl,
Trial pre diabetes and aBM 23 homeastatic model aszezsment
af inzulin resis tance [HOMA-
R, BHE and high senzitivity C-
reactive protein [hsCRP)
United States | Randomized | 3weeks | Age between 13 and 65 years of age with 8 BMIz | Taking any medications for weight| - 200 keal of mised nots (19 g at, 5 g protein, 4 g carbobydrate) 12 hafterthe | 78 | Weight Losz and Fasting Blood
Trial 30 kgfmd , body weight less than 192.8 kg (425 |bz,| loss or diabetes, have histony of | start of the fast for & days each week, The 1242 [control) group canzizted of Gzoze
the limit of the smart zcale), had 3 serious food allergies, medication | adaily 12-h Fast that began after dinner [between 5 and & pm) and ended with
tablettzmartphone with 3 camera andinkernet  (For severe peychiatric dizorders or | consumption of breakFast 12 hlater, Mo Fasting snack was administersd in
access, were not taking any medications for taking p=ychiatric the 1212 group. Dietam regimens for both the 1410 and 1212 groups were
weight losz or diabetes, had no histany of zeiouz|  medications,pregnant ar bazed an the Jenny Craig® Rapid Results™
bood allergies, no curment eating or severe breastieeding.
pychiatric dizarders, were not currently taking
paychiatric medications, had no special dietany
requirements, and were not curently pregrant of
breastfeeding.
Standfard BET | 12months | healthywomen and men, aged 18-50years, with | Obezity and Severe Oiseaze | During the first eight week= of Limbo phase, participants were instructedto | 609 [ Weight, Insulin Resistence,
body mazs indes [BMI) 28-40kgim?2 ek back on fat or carbohydrate intake progressively until they achisged & Blood Lipids
daily intake of no mare than 20g of carbohydrate (HLC) or fat HLF], which is
conzistent with a ketogenic o ultra low-Fat distan pattern, respectively,
Dluring the Titrate phase, participants were instructed ba increaze their fat or
carbobydrate inkake slowly, by 5-159 each week, until they achisved 3
comfortable maintenance level. Inthis phase participants were instructed b
strie for the owest inkake of Fat o carbohydrates they could realistically
mainkain for the 12-manth intervention period, and even beyand the end of the
trial should they esperience positive benefits from their dist assignment,
San Fransisco RCT Jmanths e 2 18 with diagnosis of T2OM Weighing ¢ M0lbs (45 ka), BME40; | Comparizon of the effects of KO and Med-Pluz diet on glycemic contral, | 34 | Hb@ e, weight losz, dicontinued
Bay Area LOL cholesterol 130mghdl; | medication use and weight lozs amang ouenveight or abese individuals with ang o more disbetes
hypertension bype 2 diabetes melituz or predisbetes medications
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However, KD intervention in T2DM
patients must also be kept under supervision
because KD not only has a positive effect on
the body but also negative effects such as
hunger, constipation, nausea, vomiting and
abdominal discomfort as well as muscle
cramps. In addition, the application of KD in
the long term can also increase ketone levels
in the blood which results in ketones detected
in urine, decreased appetite, acidosis and
headaches to the formation of kidney stones,
hypoproteinemia and macronutrients
deficiency®1113,

Another challenge in implementing KD
as an intervention in T2DM sufferers is the low
level of patient compliance in carrying out KD.
In the studies reviewed, almost all studies had
samples drop out because they did not want to
continue the diet that was considered strenuous
and tended not to continue when patients were
asked to prepare their own food for KD therapy.
In one study, ketogenesis diet was difficult to
run persistently due to limitations in the ability
to provide food, difficult access to food,
increased hunger and discomfort that arose
after running KD for more than 3 months (9),
while KD therapy applied only in the short term
tended to provide more positive results and
higher patient compliance in running KD*8216,

The limitation of this study is that the
number of articles reviewed is only 7 articles

REFERENCES

and the group of cases taken is only limited to
cases that do not have complications of
diabetes and are not in other treatments such
as hypertension and other diseases. In
addition, there have been no studies in specific
age groups in the study, so it is not yet known
how effective the ketogenic diet is at various
age levels.

CONCLUSION

The results of the current meta-
analysis reveal that ketogenic diet intervention
has remarkable benefits on body weight and
glycemic control, as well as the improvement of
lipid profiles in overweight T2DM patients.
Specifically, a ketogenic diet can reduce body
weight, waist circumference, HbAlc, and
triglycerides, and increase HDL levels. Thus,
the ketogenic diet intervention for overweight
T2DM patients could be considered. Moreover,
the ketogenic diet could reveal more benefits to
the improved body compositions for mitigating
the development and progression of T2DM due
to overweight or obesity by lowering body
weight, reducing glycemic levels, and
improving lipid profiles. In the future,
comprehensive mechanistic studies need to be
conducted to underpin associations between
ketogenic diets and overweight patients with
T2DM, and even confirmed by experimental
exploration.

1.

Cole JB, Florez JC. Genetics of diabetes mellitus and diabetes complications. Vol. 16, Nature Reviews
Nephrology. Nature Research; 2020. p. 377-90.

Dwi SA, Rahayu S. Faktor-Faktor yang Berhubungan Dengan Kepatuhan Diet Pada Pasien Diabetes Melitus
Tipe Il. Jurnal llmiah Keperawatan Stikes Hang Tuah Surabaya [Internet]. 2020;15(1). Available from:

Nurhamsyah Donny, Wahyuningsih T Yanni, Sutisni A Ajeng, Kirana D Anggita. Pemantauan glukosa secara
berkelanjutan terhadap ketidakstabilan kadar glukosa darah pada pasien diabetes mellitus tipe 1 dan tipe 2.

Dynka D, Kowalcze K, Ambrozkiewicz F, Paziewska A. Effect of the Ketogenic Diet on the Prophylaxis and
Treatment of Diabetes Mellitus: A Review of the Meta-Analyses and Clinical Trials. Vol. 15, Nutrients. MDPI,;

Zhou C, Wang M, Liang J, He G, Chen N. Ketogenic Diet Benefits to Weight Loss, Glycemic Control, and Lipid
Profiles in Overweight Patients with Type 2 Diabetes Mellitus: A Meta-Analysis of Randomized Controlled
Trails. Vol. 19, International Journal of Environmental Research and Public Health. MDPI; 2022.

Gardner CD, Landry MJ, Perelman D, Petlura C, Durand LR, Aronica L, et al. Effect of a ketogenic diet versus
Mediterranean diet on glycated hemoglobin in individuals with prediabetes and type 2 diabetes mellitus: The
interventional Keto-Med randomized crossover trial. American Journal of Clinical Nutrition. 2022 Sep

2.
www.journal.stikeshangtuah-sby.ac.id
3.
Jurnal limiah Keperawatan Indonesia. 2023;6(2):124-40.
4,
2023.
5.
6.
1;116(3):640-52.
7.

Tan E, Khoo J, Gani LU, Malakar RD, Tay TL, Tirukonda PS, et al. Effect of multidisciplinary intensive targeted
care in improving diabetes mellitus outcomes: A randomized controlled pilot study - The Integrated Diabetes
Education, Awareness and Lifestyle modification in Singapore (IDEALS) Program. Trials. 2019 Sep 2;20(1).

14



Jambi Medical Journal: Jurnal Kedokteran dan Kesehatan
Volume 12, No 1, May 2024, Page: 08-15 Shelly J, et al. Effect Of .....

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Li S, Lin G, Chen J, Chen Z, Xu F, Zhu F, et al. The effect of periodic ketogenic diet on newly diagnosed
overweight or obese patients with type 2 diabetes. BMC Endocr Disord. 2022 Dec 1;22(1).

Landry MJ, Crimarco A, Perelman D, Durand LR, Petlura C, Aronica L, et al. Adherence to ketogenic and
mediterranean study diets in a crossover trial: The keto—med randomized trial. Nutrients. 2021 Mar 1;13(3):1—
21.

Aronica L, Landry MJ, Rigdon J, Gardner CD. Weight, insulin resistance, blood lipids, and diet quality changes
associated with ketogenic and ultra low-fat dietary patterns: a secondary analysis of the DIETFITS randomized
clinical trial. Front Nutr. 2023;10.

Zhaoping Li, David Heber. Ketogenic Diets. JAMA Patient Page. 2019;3(319):215-7.

Meghwal M. Ketogenic Diet for Human Health. 2020; Available from:
https://www.researchgate.net/publication/348919864

Yakupova El, Bocharnikov AD, Plotnikov EY. Effects of Ketogenic Diet on Muscle Metabolism in Health and
Disease. Vol. 14, Nutrients. MDPI; 2022.

Kim ER, Kim SR, Cho W, Lee SG, Kim SH, Kim JH, et al. Short Term Isocaloric Ketogenic Diet Modulates
NLRP3 Inflammasome Via B-hydroxybutyrate and Fibroblast Growth Factor 21. Front Immunol. 2022 Apr
28;13.

Diana R, Raditya Atmaka D. Attribution-NonCommercial-ShareAlike license (CC BY-NC-SA 4.0). KETOGENIC
DIET FOR WEIGHT LOSS AND ITS IMPLICATION ON HEALTH: A LITERATURE STUDY. Media Gizi
Indonesia  (National  Nutrition Journal) 2020 [Internet]. 2020;15(3):184-93. Available from:
https://doi.org/10.204736/mgi.v15i3.

Peeke PM, Greenway FL, Billes SK, Zhang D, Fujioka K. Effect of time restricted eating on body weight and
fasting glucose in participants with obesity: results of a randomized, controlled, virtual clinical trial. Nutr
Diabetes. 2021 Jun 1;11(1).

Myette-Coté E, Durrer C, Neudorf H, Bammert TD, Botezelli JD, Johnson JD, et al. The effect of a short-term
low-carbohydrate, high-fat diet with or without postmeal walks on glycemic control and inflammation in type 2
diabetes: a randomized trial. Am J Physiol Regul Integr Comp Physiol [Internet]. 2018;315:1210-9. Available
from: https://mealprepforyou.

Gotera W, Bagus I, Nugraha A, Siska K, Sugitha L. Manfaat Diet Ketogenik pada Tata Laksana Obesitas
[Internet]. Vol. 50. 2019. Available from: www.freepik.com

Lewis J, Haubrick K. Following a Low Carbohydrate, High Fat Diet Compared to Reduced Calorie, High
Carbohydrate Diet as a Nutritional Intervention in Type Two Diabetes Mellitus Patients: A Systematic Review.
Journal of Food Studies. 2020 May 16;9(1):1.

Siegmann MJ, Athinarayanan SJ, Hallberg SJ, McKenzie AL, Bhanpuri NH, Campbell WW, et al. Improvement
in patient-reported sleep in type 2 diabetes and prediabetes participants receiving a continuous care
intervention with nutritional ketosis. Sleep Med. 2019 Mar 1;55:92-9.

Tan EIA, Irfannuddin I, Murti K. PENGARUH DIET KETOGENIK TERHADAP PROLIFERASI DAN
KETAHANAN SEL PADA JARINGAN PANKREAS. JAMBI MEDICAL JOURNAL “Jurnal Kedokteran dan
Kesehatan.” 2019 May 1;7(1):102-16.

15



	Shelly Juliska1, Anita Rahmiwati2, Novrikasari3
	ABSTRACT

