e-ISSN: 0975-9506, p-ISSN: 2961-6093
Available online on www.ijpqa.com doi: 10.25258/ijpqa.16.3.16

International Journal of Pharmaceutical Quality Assurance 2025; 16(3); 94-97

Original Research Article

Ketogenic Diet as an Adjunct Therapy for Type 2 Diabetes Mellitus: A
Systematic Review

Aditi Panditrao
Assistant Professor, Dept. of Pharmacology, N. C. Medical College & Hospital, Israna, Panipat, Haryana

Received: 20-01-2025 / Revised: 19-02-2025 / Accepted: 20-03-2025
Corresponding Author: Dr. Aditi Panditrao
Conflict of interest: Nil

Abstract:

The ketogenic diet (KD) is a high-fat, low-carbohydrate regimen that induces ketosis, shifting the body's
metabolism from glucose to ketone bodies. This systematic review consolidates evidence from 25 clinical and
preclinical studies published between 2000 and 2023 to assess the role of KD as an adjunct therapy for Type 2
Diabetes Mellitus (T2DM). The findings show that KD significantly improves glycemic control, with a reduction
in HbAlc by 0.9% (p <0.001), enhances insulin sensitivity, indicated by a HOMA-IR reduction of 1.2 (p <0.001),
and leads to weight loss of approximately 5.4 kg (p < 0.001). Pharmacologically, the ketogenic diet lowers insulin
requirements, but its interaction with sulfonylureas can increase the risk of hypoglycemia. Mechanistically, ketosis
suppresses hepatic gluconeogenesis, boosts mitochondrial efficiency, and reduces oxidative stress. However,
long-term safety data remain sparse, and maintaining adherence to the diet poses a challenge for many patients.
Despite these limitations, KD demonstrates potential as an adjunct therapy, though personalized treatment
strategies are required to mitigate potential risks.
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the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided

original work is properly credited.

Introduction

Type 2 Diabetes Mellitus (T2DM) is a major global
health challenge, affecting over 537 million adults
worldwide [1]. The disease is primarily
characterized by insulin resistance and f-cell
dysfunction, which lead to impaired glucose
regulation. Conventional pharmacological
therapies, such as metformin, sulfonylureas, and
insulin, aim to control hyperglycemia but often fail
to address the underlying metabolic dysregulation,
which includes abnormalities in lipid metabolism,
mitochondrial dysfunction, and inflammation.

In this context, the ketogenic diet (KD) has gained
attention as a potential metabolic intervention for
T2DM [2]. The diet is designed to restrict
carbohydrate intake to less than 50 grams per day,
while approximately 70—-80% of total caloric intake
comes from fats. This dietary composition induces
ketosis, a metabolic state where the liver produces
ketone bodies (such as B-hydroxybutyrate and
acetoacetate) from fats. These ketone bodies serve
as alternative energy sources to glucose, improving
insulin sensitivity and reducing glucotoxicity [3].

Preclinical studies have suggested that ketone
bodies may also enhance mitochondrial function and
reduce the production of reactive oxygen species
(ROS), which are implicated in the pathogenesis of
diabetic complications. Clinically, KD has been
shown to reduce HbAlc and facilitate weight loss,
potentially decreasing the need for pharmacological
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interventions [4, 5]. However, interactions between
KD and anti-diabetic medications, especially
sulfonylureas, require careful consideration due to
the increased risk of hypoglycemia. This review
aims to provide a comprehensive evaluation of the
pharmacological mechanisms by which KD affects
T2DM and to explore its potential as an adjunct
therapy [2, 5].

Methods

A systematic search of multiple databases, including
PubMed, Scopus, and the Cochrane Library, was
conducted for studies published between 2000 and
2023. Keywords such as “ketogenic diet,” “type 2
diabetes,” “insulin resistance,” and
“pharmacokinetics” were used to identify relevant
literature. Studies were included if they involved
human or animal models assessing the effects of KD
on T2DM. The inclusion criteria focused on
outcomes such as HbAlc, fasting glucose, insulin
sensitivity, and drug interactions. Studies that
involved non-T2DM populations, in vitro studies, or
case reports were excluded.

After screening 1,200 articles, 25 studies (15 clinical
trials and 10 preclinical studies) met the inclusion
criteria. Data were extracted regarding study design,
sample size, type of ketogenic diet (standard or
modified), study duration, and outcomes related to
metabolism and pharmacokinetics. The quality of
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the studies was assessed using the Cochrane Risk of
Bias (RoB 2.0) tool for randomized controlled trials
(RCTs) and the Newecastle-Ottawa Scale for
observational studies, with a mean quality score of
7.8/9.

To assess the impact of KD on glycemic control and
insulin sensitivity, a random-effects meta-analysis
was conducted. Subgroup analyses were performed
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to compare the effects of KD across different classes
of anti-diabetic drugs.

Results

The studies included in this review varied in design,
participant characteristics, and the duration of
intervention. A summary of the study characteristics
is shown in Table 1.

Table 1: Study Overview (5-10)

Study Type Participants KD Duration Key Outcomes

RCT (n=8) 450 adults 12-24 weeks HbAlc | 1.2%, weight | 6.1 kg

Cohort (n=7) 750 adults 6—12 months Insulin dose | 30%, HDL 1 10%
Preclinical (n=10) Rodent models 4-12 weeks Hepatic gluconeogenesis | 40%

One of the key outcomes from the clinical studies
was the significant reduction in HbAlc. KD led to a
0.9% reduction in HbAlc (p < 0.001) and a
reduction in fasting glucose by 29 mg/dL (p =
0.003). In a clinical trial, 68% of participants
achieved an HbAlc of less than 7%, compared to
only 22% in the control group. Additionally, the
ketogenic diet was associated with improvements in
insulin sensitivity, as indicated by a decrease in
HOMA-IR by 1.2 (p <0.001). This improvement in
insulin sensitivity was also correlated with weight
loss (r=—0.65), suggesting that the weight-reducing
effects of KD may play a role in its impact on
glucose metabolism.

Further analysis of pharmacological interactions
revealed that KD has distinct effects on various anti-
diabetic medications. For example, the insulin
requirement was reduced by 30-50% in patients
following KD, which could reduce the risk of
hypoglycemia. However, the ketogenic diet was
found to increase the risk of hypoglycemia when
used in combination with sulfonylureas, raising the
need for careful dose adjustments. Metformin did
not show significant interaction with KD, and the
combination was considered safe.

Table 2: Drug-Diet Interactions (10-16)

Drug Effect of KD Clinical Implication
Insulin Dose reduced by 30-50% Lower hypoglycemia risk
Sulfonylureas Hypoglycemia risk 1 2.5x Requires dose reduction
Metformin No significant interaction Safe combination
Discussion metabolism. In one trial conducted in 2022,

The mechanisms through which the ketogenic diet
improves insulin sensitivity in T2DM are
multifaceted. One primary mechanism is ketone-
mediated pathways. p-hydroxybutyrate, a key
ketone body, inhibits histone deacetylases, which
enhances antioxidant responses through FOXO1
activation [16-19]. Additionally, the ketogenic diet
modulates lipid metabolism by increasing the levels
of free fatty acids, which activate PPAR-o and
reduce hepatic glucose production. This process not
only improves insulin sensitivity but also helps
lower blood glucose levels in the long term [20].

Moreover, KD has been shown to influence gut
microbiota. The diet increases the abundance of
Akkermansia muciniphila, a beneficial bacteria that
plays a role in improving gut barrier integrity and
reducing systemic inflammation, both of which are
important in the pathophysiology of T2DM [21, 22].

Clinically, KD appears to be most beneficial for
obese individuals with T2DM, as weight loss is
closely linked to improvements in glucose
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combining KD with metformin led to remission in
12% of participants [23-25]. However, maintaining
long-term adherence to KD can be challenging, with
a 45% attrition rate observed in one study at six
months. This highlights the need for strategies to
improve adherence and patient support for
sustainable outcomes [26].

Despite its potential, the ketogenic diet does come
with risks. The most significant concerns include
hypoglycemia, particularly when used in
combination with sulfonylureas, and dyslipidemia.
Some studies reported a 15% increase in LDL
cholesterol in 20% of patients, raising
cardiovascular concerns [27, 28]. Additionally, the
restrictive nature of the diet may lead to nutrient
deficiencies, particularly in fiber and essential
micronutrients, requiring supplementation to ensure
balanced nutrition [29].

Conclusion

The ketogenic diet shows promising potential as an
adjunct therapy for T2DM, with evidence
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supporting its role in improving glycemic control
and reducing medication dependency. Key
pharmacological benefits include enhanced insulin
sensitivity, weight loss, and possible B-cell
preservation. However, the diet’s safety profile is
still not fully understood, particularly with respect to
long-term cardiovascular and renal outcomes.
Personalized treatment strategies are essential to
minimize the risks associated with KD, such as
hypoglycemia and dyslipidemia. Further research is
needed to identify biomarkers that can predict which
patients will benefit most from KD and to establish
guidelines for safely combining KD with other anti-
diabetic medications.
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