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ABSTRACT

Pharmacogenomics emphasizes the correlation between the genetic code and variations in therapeutic drug
outcome or drug toxicity, or side effects. Nutrigenomics helps the identification of suitable food-based and diet-
based approaches along with Equipping individuals with T2DM with knowledge about the impact of genetic
polymorphisms on treatment response and the potential for personalized dietary interventions to empower them
to make informed decisions about their health. An in-depth literature review was permed relevant to the
treatment failure and its correlation with genetic polymorphism and its impact on genetic changes. Followed by
clinical evidence of nutrient gene interaction and treatment responses were enclosed in this study. Successful
implementation of nutrigenomics into clinical practice necessitates collaboration among healthcare
professionals, researchers, and policymakers, enabling the integration of genetic testing, dietary assessment, and
personalized nutritional interventions into routine T2DM management.Nutrigenomics, a field focusing on the
interaction between genes and nutrients, holds significant potential for advancing research in individuals with
T2DM who experience treatment failure due to genetic polymorphisms affecting drug transporters and targets.
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INTRODUCTION

Type 2 diabetes mellitus is the most common endocrine disease globally. The International Diabetes Federation
(IDF) estimates that 463 million adults (20-79 years old) globally have diabetes in 2019.The majority of these
cases roughly 90-95% of all diabetes cases involve type 2 diabetes. Due to a humber of variables, including
ageing populations, sedentary lifestyles, and bad eating habits, the prevalence is anticipated to increase in the
upcoming years.(1)In India, the prevalence of diabetes, especially type 2 diabetes, has significantly increased
during the past few decades. India had an estimated 77 million adults (20-79 years old) suffering with diabetes,
according to the IDF's Diabetes Atlas 2019. By 2030, this figure is anticipated to reach 101.2 million.(2)Earlier
diagnosis and more strict management strategies to prevent cardiovascular disease risk has become crucial in
TDM patients in order to decrease the rate of mortality and co-morbidities. The ultimate goal is to have a decent
glycaemic control which implies increasing the lifespan of T2DM patients also prolong the time for the patient
to develop macrovascular and microvascular complications.(3) Therefore the primary concern for the healthcare
team was to decrease the cumulative glycaemic burden of the T2DM patients in the past decade which may not
be considered as the best act since the patients since there were increased treatment failure due to idiopathic
causes, and inadequate availability of predictors of failure, and methods to identify the exact cause of treatment
failure in T2DM. (4) This narrative review aims to explore the role of pharmacogenomics and nutrigenomics in
addressing treatment failure in T2DM by investigating genetic polymorphisms' impact on drug response and the
potential for personalized dietary interventions. Through an in-depth literature review, we examine the
correlation between genetic variations and therapeutic outcomes, nutrient-gene interactions, and their influence
on treatment responses. We evaluate nutrigenomics' potential in developing personalized dietary strategies for
T2DM patients with genetic predispositions affecting drug efficacy, aiming to empower individuals to make
informed health decisions. The review underscores the need for collaboration among healthcare professionals,
researchers, and policymakers to integrate genetic testing and personalized nutrition into routine T2DM
management, ultimately enhancing treatment outcomes through tailored healthcare strategies.
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1. Treatment failure and genetic polymorphism in T2DM

One of many elements influencing treatment failure Less is known about genetic variation in therapeutic targets
and drug transporters since it has a complex and multifaceted association with T2DM treatment response, which
is influenced by lifestyle, comorbid disorders, and medication adherence.(5)By influencing gene expression,
which in turn significantly affects managing the metabolic pathways implicated in the aetiology of T2DM,
nutrition has a key role in impacting the health of diabetes patients from a lifestyle perspective. For instance,
processed foods such as refined grains, meats, sweets, and desserts sweetened artificially are associated to a
higher risk of inflammatory reactions and the expression of genes that promote cancer. In those who take in
more high-saturated fatty acids, the gene expression of glucose intolerance has been mostly observed. This is
also typical for the gene expressions of inflammation, increased neuropeptide expression, and liver lipid
accumulation. Obesity develops as a result of the aforementioned gene expression. On the other hand lack of
protein in the diet leads to glucose intolerance and inflammatory responses. (6)

This shows that genes control how much food an individual consumes and how those nutrients are metabolised,
while food also influences how many genes are expressed, either favourably or negatively. This suggests that a
viable focus for long-term lifestyle management that may result in an improved treatment response and health-
related quality of life (HR-QOL) is testing for genetic variation in obesity and T2DM-related genes.
Nutrigenomics is the study of how diet affects how genes are expressed and how the genome functions. It is also
possible to assess how nutrients affect different genes based on food intake.In order to improve disease
prevention and management strategies, nutrigenomics is used to identify personalised dietary recommendations
based on individual genetic profiles. To do this, we must also analyse and comprehend the complexities of gene-
nutrient interactions in T2DM and their implications for individualised nutritional intervention.(7)

2. Gene- Nutrient interaction: therapeutic failure in T2DM

Gene-nutrient interactions may contribute to the failure of treatment in type 2 diabetes mellitus. Treatment
failure occurs when the disease progresses despite treatment attempts or when sufficient glycaemic control
cannot be achieved. An outline of how gene-nutrient interactions may be responsible for type 2 diabetes
treatment failure is given below:

¢ Genetic variants

Genetic and molecular processes interact intricately to cause genetic variations to appear in T2DM. A
susceptibility to get the condition may be inherited. A combination of genetic variations that affect genetic
susceptibility will raise the likelihood of developing T2DM. There are 65 loci associated with T2DM, according
to numerous cutting-edge analytical techniques and collaborative case-control genome-wide association studies
of gene susceptibility. Among the individual risk factors the influence of age where the genotypes can help
predict the gene susceptibly and the risk of developing T2DM in young population, referred to as T2DM
genotypes. (8)Genetic risk scores are used to predict genetic risk variants where the scales are designed in such a
way the effect alleles or risk alleles of an individual carriers are used. (9)

e Nutrient intake

Consumption of nutrients is a critical and dual-edged factor in the development and treatment of diabetes.
Investigations revealed that diabetics' epigenetic patterns are altered by a hypercaloric diet rich in fatty acids and
glucose. (10)

e Treatment response

An individual’s type of carbohydrate diet intake is associated with the gene variant Transcription factor 7 like
2(TCF7L2)which increases the risk of patient to develop T2DM and glucose intolerance with abnormal lipid
metabolism henceforth increases the risk of cardiovascular diseases. (11)Likewise vitamin D deficiency due to
vitamin D receptor gene (VDR) variation can influence an individuals response to Vitamin D supplementation
and also decreases the sensitivity to insulin. (12)In some cases genetic variations in FADS1 and FADS2
interferes with the conversion of Omega-3 fatty Acid into their active forms which are responsible for
modulation of inflammation which is a major factor for development and progression of T2DM. (13)Genetic
variations in Methylenetetrahydrofolate Reductase (MTHFR) alters the metabolism of vitamin B and
homocysteine. Deficiency of vitamin B decreases the metabolism of homocysteine which is an amino acid
associated with increased risk of CVD.(14)Based on the examples given above, genetic variants can impact how
nutrients are absorbed, metabolized, and used by the body. These changes may affect the therapeutic value and
accessibility of particular nutrients. Drug and therapeutic agent metabolism can be affected by genetic
differences where there is deficiency or imbalance of nutrients. This may affect drug efficacy, clearance rates,
and potential side effects.

e Nutrient metabolism

In people with type 2 diabetes, gene variations can affect how nutrients are metabolised and used. For instance,
differences in genes related to dietary fat or carbohydrate metabolism may have an impact on how the body
digests and uses these nutrients, which may have an impact on glycaemic control.(15)

o Insulin gene signaling
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Regulation of metabolism by involving the concentration of proteins or by induction of post- translational
modification of pre-existing molecules is handled by insulin. Insulin production, secretion, and action are
regulated by intricate molecular processes known as insulin gene signalling. The pancreas produces insulin,
which is essential for controlling the metabolism of glucose.(16)Insulin regulates glucose metabolism and is
produced in pancreatic beta cells. It undergoes transcription of the insulin gene to form preproinsulin, which is
then processed into proinsulin.(17)Increased blood glucose levels trigger insulin secretion through ATP
production, KATP channel closure, depolarization, and calcium influx. Insulin binds to receptors on target cells,
initiating a signaling cascade that promotes glucose uptake, glycogen and fatty acid synthesis, protein synthesis,
cell growth, and metabolic processes. Disruption of insulin gene signaling can contribute to T2DM.(18)The
intake of nutrition might influence the epigenetic modifications, in other words it can cause changes in gene
expression without altering the underlying DNA sequence. (19)

¢ Inflammation and oxidative stress

In T2DM patients chronic low grade inflammation is observed which contributes to insulin resistance, a key
characteristic of the disease where elevated levels of pro-inflammatory mediators like chemokines, cytokines,
and adipocytokines: CRP, IL-6, TNF-a, MCP-1, TIMP-1, RBP-4, leptin and lower level of adiponectin caused
due to various factors like obesity, a sedentary lifestyle, poor or unhealthy diet. (20)Reactive oxygen species
(ROS) production and the availability of antioxidants to neutralise them are out of balance, which causes
oxidative stress as a result of the chronic low-grade inflammation. Additionally, hyperglycemia in
T2DM intensifies oxidative stress, which causes cellular damage. Damage to essential biomolecules like as
DNA, proteins, and lipids results in the anti-oxidant defence mechanism failing.(21)For example, the balance
between oxidants and anti-oxidants is based on the cells ability to synthesize glutathione. When a patient is
diabetic the endogenous deficiency of glutathione contributes to oxidative stress due to polymorphism of
Glutathione- Metabolizing Gene.(22)These situations can lead to impaired insulin signalling pathways, and
worsening of insulin resistance. Also the inflammation and oxidative stress affects the beta cells of the pancreas
and promotes the development of various complications and co-morbidities associated with T2DM. Because of
this, managing blood sugar levels with common treatments like oral medicines or insulin therapy becomes
tougher.(23)

3. Treatment failure

Epigenetic modifications and nutrition are interconnected factors that influence the development and treatment
of T2DM, including the possibility of treatment failure. Epigenetic modifications, such as DNA methylation and
histone modifications, can affect gene expression patterns relevant to T2DM.(24)Altered epigenetic patterns can
contribute to insulin resistance and impaired glucose metabolism, key features of T2DM. (25)Additionally,
epigenetic changes influenced by nutrition can impact the response to T2DM treatment, including the
effectiveness of medications and lifestyle interventions.(26)

4. Gene related to T2DM and its treatment

e Sulfonylureas

Sulfonylureas (SU) belong to a class of drugs known as Oral Hypoglycaemic Agents (OHAS), which stimulate
the release of insulin from beta cells in the pancreas by binding to and blocking potassium (KATP) channels that
are ATP-sensitive on the surface of the cell.(27)ABCC8 gene encodes the sulfonylurea receptor 1 (SUR1)
protein which is a regulatory subunit of the KATP channels in the pancreatic beta cells, when SU binds to the
SUR1 along with the Kir 6.2, it inhibits the KATP channels resulting in depolarization of the beta cell
membrane, calcium efflux, and subsequent insulin secretion. Mutation in KCNJ11 or ABCC8 genes might
decrease or abolish the metabolic sensitivity of peta cell KATP channel function leading to hyperinsulinemia.
(28)The intended mechanism of action of SU is disrupted due to change in protein structure which can affect the
binding of SU to SURI, this is also referred to as “Loss of Function” resulting in diminished insulin secretory
responses and poor glycaemic control. (29)The TCF7L2 gene codes for the transcription factor 7-like 2 protein,
which controls gene expression and the insulin signalling pathway. Any specific SNP or mutation in this gene
may reduce the response to SU, which is linked to beta-cell malfunction and reduced insulin production.(30)

¢ Thiazolidinedione

Thiazolidinediones (TZDS) are one among the OHAS that are insulin sensitizing drugs and they are the potent
peroxisome activated receptor (PPAR)- y agonists and their major site of target is adipose tissue where it
prevents the production of fat in the liver, skeletal muscle and pancreatic beta cells and directing the storage in
adipose tissues; stimulation of adipogenesis. (31)Patients who had the Pro12Ala genotype in the PPAR2 gene
responded to rosiglitazone more favourably than those who had the Prol2Pro genotype. Patients with
T2DM mellitus may respond differently to rosiglitazone medication depending on genetic differences in the
PPAR2 gene.(32)There are two polymorphisms observed in peroxisome proliferator- activated receptor -y
coactivator-1a (PGC-1a) and they are Thr394Thr and Gly482Ser on the response to the diabetes medication
TZDS in patients with T2DM where the patients with A allele of the Thr394THr polymorphism had less
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enhancement in HDL-c and no positive correlation with glycaemic profile TZDS treatment when weighed
against patients who are carrying G alleles.(33)

e Biguanides

Drugs in the biguanide class, including metformin, function by lowering liver glucose production and raising
peripheral tissues' sensitivity to insulin. (34)The amount of glucose released into the bloodstream is decreased
by biguanides by suppressing gluconeogenesis, the process by which the liver produces glucose.Likewise they
increase insulin sensitivity and encourage glucose uptake by cells by activating an enzyme known as AMP-
activated protein kinase (AMPK) in numerous tissues. (35)Additionally, these drugs may lessen the intestinal
absorption of glucose. In conclusion, biguanides lower blood sugar levels by reducing the amount of glucose
produced by the liver, increasing insulin sensitivity, promoting the uptake of glucose by tissues, and affecting
the release of gut hormones and the absorption of glucose from the intestine.(36)

Organic Cation Transporter-1 (OCT-1) also known as SLC22A1 is responsible for the transportation of organic
cations across cell membranes which is majorly expressed in the liver. OCT-1 helps in uptake and elimination of
endogenous and exogenous substances.(37)The OCT-1 involves in the transport of metformin into hepatocytes
and it is encoded by SLC22A1 gene. This process takes place in order to promote the uptake of metformin from
the bloodstream into the liver, where it exerts it glucose lowering effects. Genetic variation (rs622342,
rs628031, rs683369, rs12208357, rs8192675) in the OCT-1 on metformin’s mechanism of action was studied in
the year 2007, which suggests deletion of OCT-1 led to decrease in the effect of metformin on AMPK
phosphorylation and gluconeogenesis.(38, 39)

OCT2 is another transporter encoded by SLC22A2 gene expressed in the kidney which plays a prominent role
in the renal secretion of metformin and involves in the uptake of metformin from the blood stream into the
tubular cells and promote urinary excretion. rs316019 is the SNP is negatively associated with abnormal renal
clearance of metformin especially in individuals who carry G allele tends to decrease the renal clearance and
potentially leading to higher systemic exposure and risk of ADR or toxicity.(40)Similar results were found when
the researches were conducted to study the effect of SNP in SLC22A2/ OCT2.(41, 42)Metformin is expelled
from the cells through the multidrug and toxin extrusion (MATE) 1 or SLC47A1 enzyme, which is expressed in
the luminal membranes of the renal proximal tubules and bile canalicular membranes of hepatocytes.(43)Results
of metformin treatment have been investigated in relation to rs2289669. Metformin renal excretion may be
affected by the minor allele (G) of rs2289669, which has been linked to lower MATE1 expression and function.
This could lead to higher metformin plasma concentrations and a greater risk of metformin induced lactic
acidosis.(44)

o Meglitinides

Meglitinides are secretagogues, like SU, but they have different structural characteristics. They bind to the
pancreatic beta cell receptors, engage in the control of KATP channels, and boost insulin secretion. OATP1B1
encoded by SLCO1B1 transports meglitinides into the liver, where they are then processed by isoenzymes of the
CYP family. (45)SLCO1B1 gene variants especially SLCO1B1*5 may affect the function of OAT1B1 protein
which in turn decreases the uptake of repaglinide resulting in lower drug concentration in the liver and results in
decreases therapeutic response. (46, 47)

5. DISCUSSION

e Current status of pharmacogenetics

The term “pharmacogenomics” has evolved to highlight this broader approach in drug discovery, development,
and personalized therapy respective to one drug fits “to “ right drug for the right patient at the right dose and
time” based on the existing use of genomics and other -omics technologies. However, this does not imply that
every patient will receive individualized care. Still, patients will be identified based on specific groups created
based on genetic and other markers that forecast illness development and response to
treatment.(48)Pharmacogenetics is the variation in drug reactions brought on by hereditary and environmental
traits in people. (49)Pharmacogenomics emphasizes the correlation between the genetic code and variations in
drug therapeutic outcome or drug toxicity or side effects. An early knowledge of this gene-drug pairing for a
wide range of NCD treating essential medicines will helps in clinician to select drugs with the best efficacy,
appropriate dose and lowest likelihood of serious side effects. Studies in humans, animals, and cell cultures have
shown that various micronutrients, macronutrients and bioactive chemicals govern gene expression in distinct
ways. (50)

Currently, clinical pharmacogenomics is still in its infancy. The inborn pharmacogenetic errors of metabolism
are interlinked with the concept of nutrigenomics, Which includes interactions between food and inherited
genes, called ‘inborn errors of metabolism’ The metabolism errors are treated by manipulating the diet. One
such example is lactose intolerance; most adults in the world are lactose intolerant, meaning that they cannot
digest milk products because the gene encoding lactase, the enzyme that breaks down lactose, usually ‘turned
off after weaning. This single nucleotide polymorphism—an SNP—resulted in the continued expression of the
lactase gene into adulthood. (50)
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e Interplay between pharmacogenetics and nutrigenomics - Implications for targets and transporters of
T2DM treatment
A new era in both medicine and nutrition has been sparked by the accomplishments of the Human Genome
Project and the amazing advancement of wide genomics techniques. As we all know, pharmacogenetics and
nutrigenomics are expanding in the field of healthcare. They have the potential to act as an excellent tool in
battling chronic diseases like T2DM, Cancer, and many other metabolic disorders as well as to prevent early
onset of these conditions by reducing the occurrence of risk factors with advancements in large-scale genomics
technologies.Pervious studies suggest that excessive and concurrent intake of refined carbohydrate is strongly
associated with KCNJ11 gene polymorphism and also this results in increased risk of worsening of insulin
resistance and obesity in the Indonesian population.(51, 52)While another study investigated the correlation
between dietary intake, physical activity and genetic variation in TCF7L2 and KCNJ11 and their effect on
Glucagon like peptide (GLP) 1 which is responsible for insulin secretion. The results suggest that improper diet
with high carbohydrate and high fat consumption influences the body weight and also insulin signaling/GLP-1
in subjects with EK genotypes of KCNJ11 gene and also points out importance of functional foods.(53)
High fat diet consumption increases the risk of T2DM and also worsens the existing condition in individuals
with TCF7L2 for rs12255372 TT risk genotype .(54)In Finnish people with IGT, the GGAA haplotype of the
SUR1 gene predicts the development of type 2 diabetes. Furthermore, we showed that the SUR1 and Kir6.2
gene polymorphisms add to the risk of type 2 diabetes and unhealthy eating habits.(55)Genetic variations or
specific SNPs can reduce the efficacy or may result in therapy failure in patients who consume a high-fat or
refined carbohydrate diet, as the KCNJ11, TCF762, SURL1 gene plays a vital role in the effectiveness of SU
treatment in T2DM patients.Researchers looked at the relationship between a particular gene variation called
"Prol2Ala" in the PPAR- gene and its effects on insulin resistance, obesity, and weight loss. The Pro12Ala gene
variant and insulin levels and insulin resistance were shown to be significantly correlated by the researchers.
Insulin levels were lower in people with the Alal2 gene variant than in people with the Prol2Pro variant. In
terms of body mass index (BMI) and body fat, they also found a connection between the Pro12Ala gene variant
and consumption of monounsaturated fatty acids (MUFA). People with the Alal2 gene mutation lost less weight
when they ingested a lot of fat than people with the more frequent variant and showed signs of insulin
resistance.(56)Other previous studies showed similar results.(57, 58)PGC-1alpha, which plays a crucial role in
how our bodies use energy in various tissues, including skeletal muscle. PGC-lalpha controls a metabolic
program that influences how we burn fat for energy and how sensitive we are to insulin, a hormone that
regulates blood sugar levels. Interestingly, this metabolic program is also activated by exercise and suppressed
by a sedentary lifestyle and high-fat diets. (59)This demonstrates that nutrients-gene interaction reduces the
effectiveness of TZDs in specific individuals.(60)
A high-calorie diet, especially one rich in fat and containing high-fructose corn syrup, can affect the expression
of certain drug transport proteins in the liver and kidney of rats. Specifically, the levels of MATE1, OCT1, and
OCT2 were examined. In the liver, the levels of certain enzymes involved in drug metabolism were decreased in
the high-fat diet and high-fructose corn syrup/fat diet groups compared to the control group. The protein levels
of OCT1 and MATEL, which are responsible for transporting metformin, were also significantly reduced. In the
kidney, the protein levels of OCT1 and OCT2 were downregulated in the high-fat diet and high-fructose corn
syrup/fat diet groups. These findings suggest that a high-calorie diet, particularly one high in fat and containing
high-fructose corn syrup, can influence the expression of drug transport proteins such as MATEL, OCTL1, and
OCT2.This may have implications for metformin treatment failure, as reduced levels of these transport proteins
can affect the uptake and elimination of metformin, potentially leading to decreased drug efficacy.
Based on the aforementioned discussion, it can be inferred that a diet rich in high-fat content or high-refined
carbohydrates significantly contributes to the interaction between nutrients and genes, leading to treatment
failure in individuals with type 2 diabetes mellitus (T2DM) who are undergoing oral hypoglycaemic agent
(OHA) therapy. Consequently, it is imperative to explore and examine dietary approaches that can mitigate the
adverse effects of this nutrient-gene interaction and improve treatment efficacy in T2DM. In the following
sections, we will delve into the scientific investigation of optimal dietary strategies to minimize the impact of
nutrient-gene interactions and enhance the therapeutic outcomes in individuals with T2DM receiving OHAsS.

6. Dietary approaches in T2DM

e American Diabetes Association diet

American diabetes association laid the guidelines for diet to manage T2DM. the diet is strategically planned and
focuses mainly on preventing T2DM progression, reducing the risk of cardiovascular complications and
maintaining the weight and BMI of diabetic and pre diabetic patients. The diet lowers lipid levels, blood glucose
and blood pressure. The diet is mainly focused on balancing nutrients and is based on the fact that every nutrient
plays its own pivotal role in the management of T2DM and keeps the benefits sustained(61).

e Low glycemic index diet

https://ijmtim.org 536



International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 1s, 2024

Low glycemic index diet exerts versatile effects by lowering blood glucose levels, lipid levels, waist
circumference, BMI and weight in diabetic and pre diabetic conditions. (62)Although the pattern helps in
preventing cardiovascular complications, prevent progression of T2DM and maintain healthy weight and
balanced blood pressure, it is highly dependent of the choice of food, pattern of cooking and type of starch and
other nutrients present. This diet plan does not lay any limitation on the carbohydrates and can sometimes
enhance the levels of blood glucose. Overall, it is a good option for the management of T2DM but caution
should be taken to note the choice of food and pattern of cooking.(63)

o Mediterranean diet

Mediterranean diet has proven to be beneficial and better than low carbohydrate diet and low-fat diet. The diet is
directly involved in diabetes homeostasis by which it exhibits vital actions like antioxidant effect, anti-
inflammatory effect and also largely enhances gut health. Compared to other diet patterns, this approach has
been significantly seen to reduce HbALC levels. This diet aids in T2DM by maintaining oxidation balance
thereby resolving insulin resistance to an extent.it also in involved in extrinsic and intrinsic pathways which help
in lowering blood glucose levels. (64)

e Low carbohydrate high fat diet (LCHF)

LCHF diet has shown great potential in weight loss and overall glycemic control. It significantly reduces
HbA1C levels and also ensures reducing medication load. The diet also lowers LDL, triglycerides and total
cholesterol thereby ensuring cardioprotective effects. It also improves HDL, reducing cardiac complications and
other associated metabolic disorders. The diet is considered feasible and is highly recommended as it offers
multiple benefits.(65)

e Low carbohydrate diet

Low carbohydrate diet is characterized by limited carbohydrate intake paired with high intake of protein and
unsaturated fats to balance the energy requirements of the body. The diet plan aids in weight loss and helps to
maintain waist circumference and healthy BMI. With implementing this dietary approach, we observe a decline
in the overall blood glucose levels specially HbA1C levels. Although, this diet is helpful in short term metabolic
conditions, proper alterations are required when choosing for a long run. (66)This diet limits fibre intake which
can severely create an impact on gut health and overall strength. Long term adherence to this diet can cause
nutritional imbalance which can ultimately result in enhanced insulin resistance paving way for T2DM.
(67)Certain diabetology centres do not approve of this diet in concern to its safety. (68)

o High cereal fibre diet

This diet focuses on high consumption of insoluble cereal fibres that do not increase the blood glucose levels
and strictly avoids soluble dietary fibres which can greatly influence blood glucose levels.(68)The diet plan also
limits carbohydrates, fats and proteins to a certain extent. A reduction in the fasting blood glucose levels and
HbALC levels is observed as the result. However, the impact of this diet is largely dependent on the type of
fibres consumed rather than the whole diet. Also, selection of other fibres can result in increasing the risk of
T2DM.(69)A high cereal diet also helps to maintain the blood pressure levels in an individual, maintain healthy
weight and waist circumference and also largely helps to lower Lipid levels in the body.(69)

¢ Paleolithic diet

Paleolithic diet is also referred to as the old stone age diet as it dates back to million years. This dietary
approach is considered to be effective in the management of T2DM and cardiovascular complications and has
also shown positive effects on insulin resistance.(70),(71) The diet lowered the levels of cholesterol and blood
glucose and also ensured weight loss, BMI balance etc. While the diet provided sufficient benefits few
requirements like the calcium levels were not matched. The diet did not meet the calcium and other nutrient
requirements which can affect bone health and other issues on a long run(70).

o Ketogenic diet

A ketogenic diet in general is established as a rapid weight loss technique which is primarily used in pediatric
epilepsy and is now being studied for its effect in T2DM and cardiovascular diseases. This diet works on the
principle of ketogenesis and gluconeogenesis. (72, 73)It has been reported that patients who are on OHA
therapy are not appropriate to follow this diet as it will further reduced the glycemic status of the body that can
potentially result in hypoglycemia. This diet plan limit the intake of carbohydrates and proteins and focuses on
the consumption of fats combined with physical training. Although, this approach is being studied in various
disease conditions like brain injury, cancers and other metabolic disorders, this can cause potential harm to the
patients by inducing dyselectrolytemia, dehydration and hypoglycemia.(74-76)The outcomes of different diet
plans advised for T2DM are listed in the table 1.

7. Role of clinical pharmacist

In people with T2DM who experience treatment failure due to genetic polymorphism, clinical pharmacist play a
critical role in encouraging dietary adherence and enhancing treatment response. They can give individualised
counselling, create custom meal plans, and inform patients about the importance of dietary changes. Clinical
pharmacists can help patients overcome obstacles and form lifelong eating habits by using motivational
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interviewing and behaviour modification approaches. On collaboration with healthcare experts, a clinical
pharmacist can ensures that patient care is provided in a multidisciplinary manner. Regular monitoring and
follow-up enable continuing support and progress evaluation can be performed by a clinical pharmacist. Clinical
pharmacist can actively engage T2DM patients with these interventions, empowering them to make
knowledgeable dietary decisions that eventually improve treatment responsiveness and overall health outcomes.

8. CONCLUSION

Nutrigenomics, a field focusing on the interaction between genes and nutrients, holds significant potential for
advancing research in individuals with T2DM who experience treatment failure due to genetic polymorphisms
affecting drug transporters and targets. This underscores the critical need to raise awareness about this emerging
area. By elucidating the complex interplay between genes and dietary components, nutrigenomics enables the
development of personalized dietary interventions, known as "precision nutrition," to optimize treatment
outcomes. Furthermore, the exploration of biomarkers and the integration of genetic and dietary factors into
predictive models can facilitate individualized therapy selection and proactive interventions. Nutrigenomics
research opens doors to novel therapeutic strategies, such as tailored dietary interventions and repurposing
existing drugs, to modulate gene expression and enhance treatment response in T2DM. Equipping individuals
with T2DM with knowledge about the impact of genetic polymorphisms on treatment response and the potential
for personalized dietary interventions empower them to make informed decisions about their health. Successful
implementation of nutrigenomics into clinical practice necessitates collaboration among healthcare
professionals, researchers, and policymakers, enabling the integration of genetic testing, dietary assessment, and
personalized nutritional interventions into routine T2DM management.

Table 1. Outcomes of different dietary approaches on T2DM

Diet plan Nutritional Sources Impact
composition Reference
American Carbohydrates,  Fat, | Non-starchy vegetables, | Body weight balance.
Diabetes protein, fibre, calcium, | eggs, nuts, grains, milk Lower high glycemic levels, | 77)
Association diet | vitamins blood pressure and lipid levels.
Prevent complications associated
with T2DM
Low glycemic | carbohydrates, fat, | Whole grains, cereals, | Lower post prandial blood
index diet protein, calcium, | milk, legumes, fish, nuts, | glucose levels, HbA1C, FBS, | 62)
magnesium, vitamins | olive oil cholesterol, LDL, BMI
and minerals
Mediterranean Unsaturated fatty | Sea food, herbs, whole | Lower cholesterol, maintain
diet acids, limited | grains, legumes, fruits, | blood glucose levels
carbohydrates, protein | spices, olive oil, seeds 78)
Modified Protein, fibre, | Fresh fruits, vegetables, | Lower overall blood glucose and
Mediterranean carbohydrates whole grains. Limit salt | maintains healthy weight 79)
diet <2g/day. Avoid meat,
dairy and dairy related
products.
Low Fats (60%-75% of the | Meat, eggs, fish, low carb | Reduce HbA1C levels, enhanced
carbohydrate total calorie intake), | nuts, olive oil, coconut oil | weight loss and led to reducing | 80)
high fat diet | protein, carbohydrates medication for hyperglycemia
(LCHF) (very low), low fibre
Low Fat and wvery low | Limit cereals, fruits, | Low carbohydrate diet with high
carbohydrate carbohydrates vegetables protein and fat consumption tends | 66)
diet to lower the risk of T2DM in
women
High cereal fibre | Fibre, protein, | Insoluble cereal fibres, | Reduced risk of T2DM, increased
diet unsaturated fat, | Whole grains, cucumbers, | insulin resistance. 81)
minerals nuts
Paleolithic diet Protein, fat, low carb, | Lean meat, eggs, root | Lowers HbAILC, triacylglycerol,
vitamins, fibre, | vegetables, fish, nuts and | overall body weight, BMI and | 82)
sodium, iron, zinc fruits. Avoid, dairy, sugar, | blood pressure. Increase HDL.
salt and refined fats
Ketogenic diet High fat, very low | Nuts and seeds, fish, | Decline in HbA1C, reduced body
carb, moderate | fruits, unprocessed | weight. (83)
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proteins. grains. Avoid red meat, | But may cause electrolyte
sodium and sugar. disturbances, hypoglycemia and
dehydration
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