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Pre-diabetes: a major risk factor of 
diabetes
Prediabetes is a great risk factor for the development of type 
2 diabetes mellitus, cardiovascular disease, and stroke. Raised 
blood glucose levels above the normal range and below the 
diabetes diagnostic thresholds meet criteria for impaired 
glucose tolerance (IGT) based on a two-hour post 75 grams oral 
glucose load or impaired fasting glucose (IFG). These conditions 
are also called intermediate hyperglycemia or prediabetes.1 
The world wide prevalence of IGT in 2010 was estimated to 
be 343 million (7.8%) ranging from 5.8% in South East Asia 
to 11.4% in North American and Caribbean Countries of the 
nation’s population. International Diabetes Federation projects 
an increase in prevalence of prediabetes to 471 million globally 
by 2035. In a meta-analysis evaluating the progression of 
prediabetes to diabetes published in 2007, the annual incidence 
rate of diabetes was found to be 4%-6% for isolated IGT, for 
isolated IFG 6%-9% and for both IGT and IFG was 15%-19%. 
Therefore, once diagnosed with prediabetes patients should be 
checked for type 2 diabetes every one to two years and should 
immediately learn about prevention techniques to decrease their 
chances of developing these life-changing chronic illnesses.2

burden of tyPe 2 diabetes
Diabetes is a major lifestyle disorder which has become a global 
burden, and the prevalence rates are rising steeply in developing 
economies. Rapid socioeconomic transition with urbanization 
and industrialization are the main causes for the global diabetes 
epidemic.3 India is the diabetes capital with home to 69.1 million 
people with diabetes, the second highest number of cases after 
China. Estimated escalation in the prevalence of patients with 
diabetes in South-east Asia is 84% from 2017 (82 million) to 
2045 (151 million), depicted in Figure 1. Recent epidemiological 

evidence indicates a rising diabetes epidemic across all ages. In 
India, national prevalence is 8.30%; age adjusted prevalence is 
9.80%.1

drivers of diabetes

beta-cell dysfunction

Progressive loss in pancreatic β-cell function and insulin 
resistance (IR) are the two major pathophysiological 
abnormalities that are critical to the onset of type 2 diabetes, 
and occur early in the course of disease evolution in most 
cases.  Beta cell dysfunction results from inadequate glucose 
sensing to stimulate insulin secretion therefore elevated 
glucose concentrations prevail. Persistently elevated glucose 
concentrations above the physiological range result in the 
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Figure 1: Estimated escalation in the global prevalence 
of diabetes mellitus

Source: 1. American Diabetes Association. Standards of Medical Care in Diabetes—2018. 
Diabetes Care. 2018;41(Supplement 1). 2. IDF Diabetes Atlas – 8th Edition. Available at: 
http://www.diabetesatlas.org/across-the-globe.html. Accessed Jan 20, 2019.
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manifestation of hyperglycemia. With systemic IR, insulin 
signaling within glucose recipient tissues is defective therefore 
hyperglycemia perseveres. Beta cell dysfunction supersedes 
IR in inducing diabetes. Both beta cell dysfunction and IR 
influence each other and presumably synergistically exacerbate 
diabetes. Preserving beta cell function and insulin signaling in 
beta cells and insulin signaling in the glucose recipient tissues 
will maintain glucose homeostasis.4

Furthermore, islet β-cells failure in type 2 diabetes occurs 
when islets lose their ability to sustain β-cell compensation 
(expansion of β-cell mass, enhanced insulin biosynthesis, 
and increased responsiveness of nutrient secretion coupling) 
for the progressively building IR. This failure of β-cells is also 
progressive; mostly after hyperglycemia is established, leading 
to poorly functioning, de-differentiated β-cells and loss of β-cell 
mass because of apoptosis.5-7 The likely mechanisms of early 
β-cell failure include mitochondrial dysfunction, oxidative 
stress, endoplasmic reticulum stress, dysfunctional triglyceride/ 
free fatty acid (TG/FFA) cycling, and glucolipotoxicity  
(Figure 2).5,8,9 Additionally, fibrosis of pancreatic islets secondary 
to microangiopathy might also play a role in β-cell failure given 
that no organ or tissue is exempted from this complication.10

advanced glycation end products
Hyperglycemia remains the prime pathophysiologic factor for 
diabetes and this fact has been underpinned by clinical trials. 

However, evidences connote to an equally important role of 
advanced glycation end products (AGEs) in the development 
of diabetes. AGEs are increasingly formed endogenously 
under hyperglycemic conditions and contribute to diabetic 
complications by increasing the level of intracellular oxidative 
stress (OS). Hence, AGEs are considered as possible risk factors 
for islet beta-cell injury, peripheral IR and diabetes.11 

In diabetes, there is increased AGEs formation due to 
greater concentration of circulating glucose, AGEs precursors 
and OS. Increased levels of serum and tissue AGEs including 
carboxymethyllysin (CML), methylglyoxal (MG)-derived 
hydroimidazolone, pentosidine and glucosepane have been 
found in patients with Type 1 and Type 2 DM. These elevated 
AGEs further contribute to diabetic complications. In addition, 
AGEs directly modify insulin and alter the insulin action 
thereby culminating in impaired glucose uptake, inhibited 
insulin clearance and therefore increased insulin secretion. This 
eventually causes impaired IR (Figure 3).12

The principal mechanism by which AGEs render harmful 
effects is through interaction with cell bound receptors. 
Certain receptors like AGE-R1 are involved in degradation 
of AGEs, while certain other receptors like receptor for AGE 
(RAGE) bring about counter effects exacerbating the situation. 
Accumulation of diverse AGEs, synergistically down regulate 
AGE-R1 while up regulate RAGE causing vicious cycle leading 
to enhanced formation and further accumulation of AGEs.13

Figure 2: β-cells stressors and mechanistic approach to the pathogenesis of type 2 diabetes

Source: 1. Halban PA, Polonsky KS, Bowden DW, Hawkins MA, Ling C, Mather KJ, et al. β-cell failure in type 2 diabetes: Postulated mechanisms and prospects for prevention and 
treatment. Diabetes Care. 2014;37(6):1751-8. 2. Prentki M, Nolan CJ. Islet β-cell failure in type 2 diabetes. J Clin Invest. 2006;116(7):1802-12.
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The possibility of reducing glycation and tissue AGEs or 
by blocking RAGE is an approachable target of delaying or 
preventing the onset of diabetic complications.

oxidative stress 

Robust causal association has been determined between 
hyperglycemia and oxidative stress. Oxidative stress acts via 
production of reactive oxygen species (ROS) and is believed 
to be the underlying cause of insulin resistance, beta cell 
dysfunction, impaired glucose intolerance, type 2 diabetes, 
and macrovascular and microvascular complications of 
diabetes. Conversely, it is also presumed that insulin resistance, 
hyperglycemia or glycemic variability and free fatty acids, in 
concert lead to the development of oxidative stress, activation 
of protein kinase C pathway, advanced glycation end product 
generation that result in vasoconstriction, inflammation and 
thrombosis.14

Glucose variability and glycemic excursions therefore 
promote mutually exacerbating cycle of oxidative stress and 
inflammation that presage and contribute to the development 
of cardiovascular complication of diabetes. It is emphasized 
that a common upstream pathway exists which consists of 
interaction between AGE’s and their receptors (RAGE) that  
supports synthesis of ROS leading cascade of diabetic 
complications.15 

Figure 3: Mechanism of action of advanced glycation end-products in causing insulin resistance and diabetes

Abbreviations: AGEs-Advanced glycation endproducts; RAGEs-Receptor of AGEs; AGER1-Advanced glycation endproducts receptor 1; SIRT1-Sirtuin 1; PKC-Protein kinase C; TNF-
Tumor necrosis factor.
Source: Nowotny K, Jung T, Höhn A, Weber D, Grune T. Advanced Glycation End Products and Oxidative Stress in Type 2 Diabetes Mellitus. Breitenbach M, Eckl P, eds. Biomolecules. 
2015;5(1):194-222.
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Type 2 diabetes bring about modifications in certain 
components of the immune system. These immunological 
modifications include altered levels of particular cytokines 
and chemokines, changes in the number and activation state 
of several leukocyte populations and enhanced apoptosis and 
tissue fibrosis. Collectively, these modifications are suggestive of 
the role of inflammation in the pathogenesis of type 2 diabetes; 
duly espoused by initial findings from clinical trials with 
salicylates and interleukin-1 antagonists. It has paved the way 
for immunomodulatory approaches for the treatment of type 2 
diabetes that reduce blood glucose levels, and at the same time 
probably decrease the severity and prevalence of the associated 
complications of this disorder.16 

Prevention and reversal of tyPe 2 
diabetes

Highlights from a symposium at the recent 2018 Diabetes 
UK Annual Professional Conference showed that effective 
prevention and long term reversal of Type 2 diabetes is feasible. 
Established Type 2 diabetes is now known to be a reversible 
condition in the early years, and the underlying mechanism is 
the removal of the excess fat from within liver and pancreas in 
these susceptible individuals. The Diabetes Remission Clinical 
Trial has shown that around half of a primary care population 
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of people with Type 2 diabetes of less than 6 years’ duration can 
be returned to non-diabetic blood glucose control which lasts 
at least 12 months.17

an easy way to prevention and reversal of 
type 2 diabetes

The evidence appears to support the proposition that protection 
against metabolic disturbances may be increased by augmenting 
the anti-oxidant milieu of the body. Furthermore, current 
treatment methods for diabetes usually do not exactly address 
the underlying causes of the disease and have limitations. 
Efforts have therefore been made at identifying novel adjuvant 
therapies to help achieving better control of the deranged 
metabolic environment for early disease remission. 

In this regard, several molecules, like Pterocarpus 
marsupium, Curcumin, Withania somnifera, Salacia reticulata, 
Gymnema sylvestre, Resveratrol, and Epicatechin have been 
under evaluation for use against diabetes.

PterocarPus marsuPium

Pterocarpus marsupium (P. marsupium) is a medicinal plant 
which is known for its anti-oxidant and anti-diabetic activity. 
The flavonoids and phenolic contents present in the tree viz., 
marsupiun, pterosupin, and liquiritegenin are reported to pose 
antihyperglycemic and antihyperlipidemic activities. Several 

studies have supported the use of P. marsupium in patients 
with diabetes. One such study reported that the phytoextract 
of P. marsupium showed prominent antioxidant, anti-glycation 
property and, inhibited accumulation of sorbitol and aldose 
reductase (ALR) enzyme, thus promising a beneficial role in 
reducing/delaying diabetic complications (Figure 4).18

Another study reported that P. marsupium extract has the 
ability to reduce oxidative stress and inflammatory cytokines, 
such as tumor necrosis factor-alpha (TNF-α) Interleukin-6 
(IL-6) messenger ribonucleic acid (mRNA), as well as protein 
expression and apoptotic marker, such as caspase-3 enzyme, 
in diabetic hepatic tissue. Biochemical findings were also 
supported by histological studies, such as improvement in 
pancreas and liver. In addition, P. marsupium could effectively 
reduce the inflammation and hyperglycemic condition in 
diabetic experimental models. Hence, the study results 
suggested that it could be a useful tool in the management of 
diabetes.19

Furthermore, an interesting data showed that the extracts of 
P. marsupium, and Gymnema sylvestre may have potent DPP-
4 inhibitory action, and their hypoglycemic action attributed 
through an increase in plasma active GLP-1 levels.20

Taken together, these evidences corroborates the use of 
P. marsupium can aid in reducing/ delaying diabetes and its 
complications.

Figure 4: Pterocarpus marsupium inhibits AGEs formation, sorbitol accumulation and aldose reductase, thereby, 
aiding in reducing/delaying diabetic complications

Source: Gupta P, Jain V, Pareek A, et al. Evaluation of effect of alcoholic extract of heartwood of Pterocarpus marsupium on in vitro antioxidant, anti-glycation, sorbitol accumulation 
and inhibition of aldose reductase activity. J Tradit Complement Med. 2016;7(3):307-314. 
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role of curcumin in diabetes 
management 

Turmeric (Curcuma longa) is a rhizomatous herbaceous 
perennial plant of the ginger family which has been used for 
the treatment of diabetes in Ayurvedic and traditional Chinese 
medicine. The active component of turmeric, curcumin, has 
caught attention as a potential treatment for diabetes and 
its complications primarily because it is a relatively safe and 
inexpensive drug that reduces glycemia and hyperlipidemia in 
experimental models of diabetes.21

Curcumin favorably affects hepatic glucose regulating 
enzymes by increasing glucokinase activity and inhibiting 
hepatic gluconeogenesis through suppression of glucose 
6-phosphatase and phosphoenolpyruvate carboxykinase. 
Another positive effect of curcumin in diabetes is the reduction 
of circulating FFAs. FFA-induced lipotoxicity is an important 
contributor of insulin resistance. This mechanism has been 
suggested to deteriorate pancreatic β-cell function and impair 
the insulin signaling pathway through activation of NF-kb. 

Downstream products of the NF-kb pathway, such IL-6, 
interfere with the transcription of insulin receptors (such as 
insulin receptor substrate-1) and transporters (such as GLUT-
4), thus impairing insulin sensitivity. Finally, curcumin can 
induce peroxisome proliferator-activated receptor gamma 
activation. The effect of curcumin in pathophysiology of 
diabetes mellitus is depicted in Figure 5.22

effect of curcumin on Pancreatic ß-cell 
dysfunction
The effect of curcumin on pancreatic cells has been extensively 
studied. Use of curcumin has shown to increase islet viability 
and delay islet ROS production and normalizing cytokine 
(TNFα, IL-1β, and interferon-γ)-induced NF-κB translocation 
without affecting normal islet function in vitro. Secondly, 
inclusion of curcumin in cryopreservation medium contributed 
to islet rescue by elevating HSP-70 and HO-1. Curcumin 
treatment increases the number of small pancreatic islets and 
decreases lymphocyte infiltration in pancreatic islets. Inclusion 
of curcumin in bone marrow transplantation increases islet 

Figure 5: The effect of curcumin in pathophysiology of diabetes mellitus

Source: Blaslov K. Curcumin - a polyphenol with molecular targets for diabetes control? Endocr Oncol Metab. 2017;3(2):43-8. 
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regeneration and insulin secretion. Additionally, curcumin 
and its analogues plays antioxidant defense by induction of 
the expression of anti-apoptosis molecules and increased basal 
insulin secretion in human islet, thus improving the outcome 
of islet transplantation. Furthermore, curcumin increased the 
opening and activation of anion channels and depolarized 
the membrane potential, resulting in production of electronic 
activity and insulin release.21 

Intriguingly, in a human pancreatic cell line, curcumin 
increases expression of the transcription factor 7-like 2 
(TCF7L2) gene in the Wnt signaling pathway, which is 
associated with type 2 diabetes. Type 2 diabetes involves 
aberrant misfolding of human islet amyloid polypeptide 
(h-IAPP) and formation of pancreatic amyloid deposits. 
Curcumin offers potential benefits by reducing h-IAPP fibril 
formation and aggregation, modulating IAPP self-assembly 
by unfolding α-helix, and inhibiting MCP-1-induced amylin 
mRNA expression.21 

All of the stimulatory actions of curcumin on pancreatic 
β-cells could contribute towards hypoglycemia in diabetes.

ePicatechin in diabetes
Epicatechin is a natural flavonoid found in green tea. It has 
been reported to possess an immense antioxidant effect 
which contributes to its therapeutic effect against a handful of 
ailments. The consumption of epicatechin has been shown to 
reduce blood glucose levels in diabetic patients. Furthermore, 
evidence suggests use of epicatechin has beneficial effects on 
insulin sensitivity. In addition, it has been revealed that the 
consumption epicatechin could reduce glucose and oral testing 
insulin values, in addition to reduced glucose and fasting 
insulin concentrations.23 Intriguingly, Epicatechin may exert 
antioxidant effects indirectly by modulating redox enzymes. 
Moreover, Epicatechin treatment also promotes pancreatic 
β-cell regeneration in diabetic experimental models.24

Due to its varied actions at different concentrations, 
application of epicatechin as a nutraceutical could be beneficial 
in diabetic individuals.

effects of withania somnifera in 
diabetes management 
Withania somnifera, known in India as ashwagandha, is 
used traditionally to treat many medical problems including 
diabetes and has demonstrated therapeutic activity in various 
animal models as well as in diabetic patients.25 The protective 

effect of Withania somnifera in diabetes is probably due to the 
counteraction of free radicals by its antioxidant nature and 
is also evident from the histological observation of pancreas 
which shows improvement in the pancreatic β-cells. Evidence 
demonstrates that the use of Withania somnifera treated 
experimental models shows almost normal sized islets in 
the pancreas in contrast to small sized and reduced number 
cells in diabetic controls. Furthermore, Withania somnifera 
supplementation reduces lipid peroxidation, possibly by 
scavenging free radicals, and increasing the defense status of 
antioxidants and associated enzymes.26

Intriguingly, evidence suggests that the use of Withania 
somnifera decreases blood glucose level, prevents 
hyperinsulinemia and improves glucose tolerance in NIDDM 
experimental models. These study results suggested that 
Withania somnifera can improve insulin sensitivity.27 Another 
study28 reported that Withania somnifera root extract was 
found useful in reducing oxidative stress and mitochondrial 
impairment in hypothalamus of diabetic experimental models.
Thus, accumulating these results, it can be suggested that this 
natural medicine can be beneficial in diabetic individuals.

salacia reticulata
Salacia reticulata Wight (Hypocrataceae) is a woody climbing 
shrub with greenish‐brown bark that is indigenous to India. 
This natural preparation has been used for hundreds of years for 
the folkloric treatment of diabetes and other health problems.29

It is well-known for its action of decreasing postprandial 
glucose sugar by inhibiting α-glucosidase and α-pancreatic 
amylase. It also inhibits aldose reductase which otherwise 
results in microvascular complications. Importantly, its 
peroxisome proliferator-activated receptor (PPAR)-γ agonist 
(such as thiazolidinediones, the insulin sensitizers) action 
increases the uptake of FFA and facilitates their storage in 
subcutaneous fat rather than the visceral fat. This reduces 
plasma FFA and insulin resistance. Furthermore, it increases 
the expression of and translocation to the cell surface of glucose 
transporter 1 and 4 receptors which result in glucose uptake 
by the liver and skeletal muscle and decreases plasma glucose 
levels. It also decreases inflammatory cytokines and increases 
adiponectin expression.30

Evidence suggests that the use of salacia extracts 
demonstrates clinically significant reductions of HbA1C and 
plasma insulin.31 Thereby, it has a beneficial role in improving 
insulin resistance, and glucose metabolism; may aid in diabetes 
management.
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gymnema sylvestre
Gymnema sylvestre is regarded as one of the plants with potent 
anti-diabetic properties. The active compound of the plant 
is a group of acids termed as gymnemic acids. The atomic 
arrangement of gymnemic acid molecules is similar to that of 
glucose molecules. These molecules fill the receptor locations 
on the taste buds thereby preventing its activation by sugar 
molecules present in the food, thereby curbing the sugar 
craving. Similarly, Gymnemic acid molecules fill the receptor 
location in the absorptive external layers of the intestine thereby 
preventing the sugar molecules absorption by the intestine, 
which results in low blood sugar level. There are some possible 
mechanisms by which the leaves and especially Gymnemic 
acids from G. sylvestre exert its hypoglycemic effects are: 1) 
it increases secretion of insulin, 2) it promotes regeneration 
of islet cells, 3) it increases utilization of glucose: it is shown 
to increase the activities of enzymes responsible for utilization 
of glucose by insulin-dependant pathways, an increase in 
phosphorylase activity, decrease in gluconeogenic enzymes and 
sorbitol dehydrogenase, and 4) it causes inhibition of glucose 
absorption from intestine.32

Thus, this herb exhibits a broad range of therapeutic effects 
as an effective natural remedy for diabetes.

conclusion
Natural preparation with proven anti-diabetic and related 
beneficial effects used in treatment of diabetes, includes, 
curcumin, P. marsupium, Salacia, Withania somnifera, Gymnema 
sylvestre and Epicatechin. Mechanism by which these natural 
drugs act include: increase peripheral utilization of glucose, 
increase hepatic and muscle glucagon contents, modulate 
insulin secretion, promote B cells repair and regeneration, 
anti-inflammatory properties, anti-oxidant properties, protects 
beta-cells from oxidative stress, and minimizes long term 
diabetic complications. Use of natural preparation may thus 
aid in alleviating diabetes and its complications. 
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Use of Adjunctive Therapy in 
a Young Male with Diabetes

case study

case history
A 36-years-old male presented to the clinic complaining of 
fatigue, and increased urination from past 6 months. He was 
a known case of high blood pressure and dyslipidemia, which 
have been well controlled on a combination of perindopril, 
indapamide and atorvastatin. About 1 year back, he was 
also diagnosed as having type 2 diabetes. His blood glucose 
control has been a struggle and HbA1c is regularly around 
8.4% currently using metformin 1000 mg bd. His parents were 
diabetic and his father in addition was suffering from chronic 
kidney disease. He belonged to a high socioeconomic class 
and had a tight work schedule with long working hours, for 
which he was worried and concerned. Alcohol consumption 
was occasional.

examination
On examination, the patient was alert, appeared ill, but did 
not have any pallor, icterus, or cyansois. He was found to 
have increased body mass index (BMI; 31.97 kg/m2; weight 
88 kg, height 164 cm). His vitals were: blood pressure, 128/86 
mmHg (in arm at resting position); heart rate, 74 bpm (with 
normal rhythm and tone; temperature, normal. Pallor, icterus, 

and edema were absent. JVP was not raised and carotid bruit 
could not be auscultated. Cardiovascular examination was 
normal, with normal S1 and S2; S3 and gallop rhythm could 
not be auscultated. Rest of the systemic examination was non-
contributory.

investigations
 • Laboratory data showed raised fasting plasma glucose 

(FPG), postprandial glucose (PPG), and HbA1c: FPG 142 
mg/dl, PPG 240 mg/dl, HbA1c 8.4%

 • Liver function test (LFT): aspartate aminotransferase (AST) 
31 IU/l, alanine aminotransferase (ALT) 27 IU/l, total 
bilirubin (T Bil) 1.0 mg/dl

 • Lipid profile: total cholesterol 198 mg/dl, triglycerides 150 mg/
dL, LDL-cholesterol 100 mg/dL, HDL-cholesterol 40 mg/dL

 • Abdominal ultrasound revealed diffuse echogenicity 
observed in liver parenchyma, indicative of Grade 1 fatty liver

 • Serum creatinine: 0.9 mg/dL (normal range: 0.6 to 1.2 mg/
dL); Routine urine and microscopy were normal.

 • Microalbuminuria was not detected
 • ECG: No abnormality detected

diagnosis
Hypertension with dyslipidemia and type 2 diabetes mellitus 

treatment
His treatment regime was modified with addition of glimepiride 
4 mg in morning. In addition, an adjunctive preparation 
containing diverse bioactive compounds such as-curcumin, 
resveratrol, P. marsupium, and Withania somnifera was added. 
He was advised to strictly follow diet and physical therapy 
(exercise). The change in therapy resulted in improved effects. 
At follow-up after eight weeks, his blood glucose improved 
as found on repeat testing (FPG 110 mg/dl, PPG 148 mg/dl, 
HbA1c 7.0%).

Dr. Brij Mohan Makkar 
MD, FIAMS, FICP, FRCP(Glasg), 
FACP(USA), FACE(USA), 
Diabetologist & Obesity Specialist  
New Delhi
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MBBS
Sr. Executive Editor, 
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