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INTRODUCTION 

Diabetes mellitus is not a single disorder, it 

represents a series of metabolic conditions associated 

with hyperglycaemia and caused by defects in insulin 

secretion and/or insulin action. Exposure to chronic 
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Abstract 

The prevalence of diabetes is rapidly rising all over the 

globe at an alarming rate. Over the last three decades, 

the status of diabetes has been changed, earlier it was 

considered as a mild disorder of the elderly people. Now 

it becomes a major cause of morbidity and mortality 

affecting the youth and middle aged people. According 

to the Diabetes Atlas 2006 published by the 

International Diabetes Federation, the number of people 

with diabetes in India currently around 40.9 million is 

expected to rise to 69.9 million by 2025 unless urgent 

preventive steps are taken. The main force of the 

epidemic of diabetes is the rapid epidemiological 

transition associated with changes in dietary patterns 

and decreased physical activity as evident from the 

higher prevalence of diabetes in the urban population. 

The most disturbing trend is the shift in age of onset of 

diabetes to a younger age in the recent years. This could 

have long lasting adverse effects on nation’s health and 

economy. Therefore, it is necessary to identify the 

diabetic patients at the earliest and provide appropriate 

lifestyle intervention in preventing or postponing the 

onset of diabetes. In the present review, detailed 

mechanism and management of the diabetes have been 

emphasized. 
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hyperglycaemia may result in microvascular 

complications in the retina, kidney or periphera. 

 

Mechanism 

Diabetes mellitus (DM) is a set of related diseases in 

which the body cannot regulate the amount of sugar 

(specifically, glucose) in the blood.  

The blood delivers glucose to provide the body with 

energy to perform all of a person's daily activities. 

The liver converts the food a person eats into glucose. 

The glucose is then released into the bloodstream. In 

a healthy person, the blood glucose level is regulated 

by several hormones, primarily insulin. Insulin is 

produced by the pancreas, a small organ between the 

stomach and liver. The pancreas also makes other 

important enzymes released directly into the gut that 

helps digest food. Insulin allows glucose to move out 

of the blood into cells throughout the body where it is 

used for fuel. People suffered diabetes either do not 

produce enough insulin (type 1 diabetes) or cannot 

use insulin properly (type 2 diabetes), or both (which 

occurs with several forms of diabetes). In diabetes, 

glucose in the blood cannot move efficiently into 

cells, so blood glucose levels remain high. This not 

only starves all the cells that need the glucose for 

fuel, but also harms certain organs and tissues 

exposed to the high glucose levels. 

 

TYPES OF DIABETES  

There are two main types of diabetes type 1 and type 

2 with their clinical relevance shown in Table 1 and 

another type of diabetes is gestational diabetes 

mellitus. 

 
Table 1: Types of diabetes with clinical relevance 

 

 Type I Type II 

Clinical 

Onset <20 years  
Normal weight 
Decreased blood insulin 
Anti-Islet cell antibodies 
Ketoacidosis common 
 

Onset >30 years  
Obesity 
Normal or increased blood insulin 
No anti-Islet cell antibodies 
Ketoacidosis rare 
 

pathogenesis 
Auto immunity, immunopathologic mechanism 
Severe insulin deficiency 

Insulin resistance 
Relative insulin deficiency 

Genetics 
50% concordance in twins 
HLA-D linked 

60-80% concordance in twins 
No HLA-D association 

Islet cells 
Insulitis early 
Marked atrophy and fibrosis 
Severe β-cell depletion 

No insulitis early 
Focal  atrophy and amyloid deposits 
Mild  β-cell depletion 

 

Type 1 diabetes 

Type 1 diabetes is an autoimmune disease in which 

the β-cells of the pancreas do not produce sufficient 

insulin, a hormone which helps use blood sugar 

(glucose) for energy. The cells become starved of 

energy and there will be excess of glucose in the 

blood. This is then followed by life threatening 

conditions of hypoglycemia, low blood sugar, and 

hyperglycemia, high blood sugar. When 

hypoglycemia develops, cells do not get enough 

glucose and patients suffer of confusion, loss of 

consciousness, and coma. Even death can results 

when the brain is deprived of glucose for too long. 

Hyperglycemia and prolonged absence of insulin may 

lead to ketoacidosis, which is accumulation of 

ketones in the blood when the body uses fat for 

energy instead of glucose. This is because fatty acids 

cannot be converted into glucose at steady state. 

Ketones make the blood acidic and slow down all 

body functions. This also leads to a coma and 

eventually death [1-6]. 

Type 2 diabetes 

Type 2 diabetes mellitus is a complex endocrine and 

metabolic disorder. The interaction between several 

genetic and environmental factors results in a 

heterogeneous and progressive disorder with variable 
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degrees of insulin resistance and pancreatic β-cell 

dysfunction. Overweight and obesity are major 

contributors to the development of insulin resistance 

and impaired glucose tolerance. When β cells have 

not longer able to secrete sufficient insulin to 

overcome insulin resistance, impaired glucose 

tolerance progresses to type-2 diabetes. 

Abnormalities in other hormones such as reduced 

secretion of the incretin glucagon-like peptide 1 

(GLP-1), hyperglucagonaemia, and raised 

concentrations of other counter-regulatory hormones 

also contribute to insulin resistance, reduced insulin 

secretion, and hyper glycaemia in type 2 diabetes[7-13]. 

Overweight and obesity contribute to insulin 

resistance through several pathways, including an 

imbalance in the concentrations of hormones (eg, 

increased leptin, reduced adiponectin, and increased 

glucagon), increased concentrations of cytokines (eg, 

tumour necrosis factor α, interleukin 6), suppressors 

of cytokine signalling (eg, suppressor of cytokine 

signalling), other inflammatory signals, and possibly 

retinol-binding protein 4.1[14-17], Concurrent 

alterations in β-cell function often include a period of 

compensatory hyperinsulinaemia with abnormal 

secretory dynamics. When insulin secretion is no 

longer sufficient to overcome insulin resistance, 

glucose intolerance progresses to type 2 diabetes. The 

decline in β-cell function seems to involve chronic 

hyperglycaemia (glucotoxicity), chronic exposure to 

non-esterifies fatty acids (lipotoxicity), oxidative 

stress, inflammation, and amyloid formation[18–20] 

Patients with type 2 diabetes usually have pancreatic 

α-cell dysfunction that results in increased (or non-

suppressed) glucagon secretion in the presence of 

hyperglycaemia and probably reduced prandial GLP-

1 secretion[21] 

Gestational diabetes 

Gestational diabetes mellitus (GDM) is defined as 

any abnormal carbohydrate intolerance that begins 

or is first recognized during pregnancy[22]. It does not 

exclude the possibility that unidentified glucose 

intolerance have preceded the pregnant state. GDM 

complicates approximately 7% of pregnancy, which 

accounts for more than 2,00,000 cases per year[23]. A 

recent study from India by Seshiah et al. reported the 

incidence of GDM as 18.9%[24]. The clinical 

importance of GDM lies in the fact that it is 

associated with significant maternal and fetal 

morbidity. In the present review we discuss about the 

pathophysiology, screening, diagnosis, complications 

and various management issues pertaining to GDM. 

 

Pathophysiology 

Type 1 diabetes 

T1DM is the result of a combination of genetic and 

environmental influences. It most commonly results 

from autoimmune destruction of insulin-producing 

β-cells in the pancreas. Eisenbarth proposed that one 

or more environmental factors, such as 

enteroviruses, dietary factors or toxins, might trigger 

the development of T-cell dependent autoimmunity 

in genetically susceptible individuals[25] 

Autoimmunity is manifested by detectable antibodies 

to ICA512/IA-2, insulin autoantibody (IAA) and 

glutamic acid decarboxylase (GAD). Insulitis with 

gradual β-cell destruction leads to pre-diabetes and 

finally to overt DM. These patients are susceptible to 

other autoimmune diseases, such as Hashimoto’s 

thyroiditis, celiac disease, Addison’s disease, and 

myasthenia gravis. Forty genetic loci have been 

associated with T1DM by a genome-wide association 

study and meta-analysis[26]. A number of genetic loci 

in the major histocompatibility (HLA) region are 

associated with increased susceptibility to developing 

T1DM, including the alleles DR3/4, DQ 0201/0302, 

DR 4/4, and DQ 0300/0302. The risk of T1DM is 

approximately 5% if there is an affected first-degree 

relative and slightly higher if the affected parent is 

the father rather than the mother. To date, 

interventional trials have failed to delay the onset or 

prevent T1DM in those genetically at risk. Ongoing 

research by international networks is exploring ways 

to prevent, delay or reverse the progression of T1DM 

(e.g. TrialNet, TRIGR) [27]. 
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Type 2 diabetes 

Chronic fuel surfeit is the primary pathogenic event 

that drives the development of type 2 diabetes in 

genetically and epigenetically susceptible 

people[28,29]. Many chronic ally overnourished and 

overweight or obese individuals, however, do not 

develop diabetes at all or develop it very late in life. 

They remain resistant to type 2 diabetes and safely 

partition excess calories to subcutaneous adipose 

tissue (SAT) rather than to the heart, skeletal muscle, 

liver, and islet β cells, owing to the following 

mechanisms: successful islet β-cell compensation; 

maintenance of near-normal blood nutrient 

concentrations; development of minimal insulin 

resistance; increased expansion of SAT relative to 

visceral adipose tissue (VAT); and limited increase in 

liver fat.[30,31] In this way, key organs of the body 

avoid nutrient-induced damage. Susceptible over 

nourished individuals develop type 2 diabetes owing 

to the failure of these adaptive responses to safely 

dispose of the fuel surfeit. The following metabolic 

defects are crucial to the development of type 2 

diabetes: inability of islet β -cells to compensate for 

the fuel surfeit; increased glucagon secretion and 

reduced incretin response; impaired expansion of 

SAT, hypoadiponectinaemia, and inflammation of 

adipose tissue; increased endogenous glucose 

production; and development of peripheral insulin 

resistance. Importantly, the fuel surfeit is not safely 

deposited into SAT, such that it has to be disposed of 

elsewhere. The “elsewhere” is less healthy VAT and 

“ectopic” storage in organs, such as the liver, heart, 

skeletal muscle, and pancreas, which causes 

widespread tissue damage. Worsening islet β-cell 

function can lead to the need for insulin therapy [30-

38]. 

Gestational diabetes 

Insulin resistance and impaired beta cell function, 

both contribute to GDM. Pregnancy is a diabetogenic 

state characterized by impaired insulin sensitivity. 

This is particularly noted as the pregnancy enters the 

2nd trimester. The major contributors are the 

placental hormones namely, human placental 

lactogen, progesterone, cortisol, growth hormone and 

prolactin. These hormones cause decreased 

phosphorylation of insulin receptor substrate and 

thus profound insulin resistance. Cytokines like 

tissue necrosis factor have also been implicated in 

pathogenesis of insulin resistance. Logically, the 

pancreas should compensate for this demand by 

increasing insulin secretion. However, in GDM there 

is deterioration of β cell function, particularly the 

first phase insulin secretion. In a study on Latino 

women with GDM, 67% reduction of β cell function 

was noted as compared to the normal pregnant 

control. The second phase insulin release is 

comparable to that in individual with normal glucose 

tolerance. The defects in β cell have been attributed 

either to autoimmune process or enzymatic defect 

like glucokinase. Autoimmunity should be suspected 

in women who do not have typical characteristics of 

increased risk of GDM, i.e. who are lean and 

Caucasians. Thus, the combination of insulin 

resistance and secretory defect during pregnancy 

results in GDM [39-45]. 

Diabetic ketoacidosis (DKA) 

DKA results from absolute insulin insufficiency, 

leading to metabolic acidosis (pH <7.3 or bicarbonate 

<15 m mol/L), hyperglycaemia (blood glucose >11 m 

mol/L), ketonaemia and ketonuria [46]. DKA is 

present at T1DM presentation in 15 to 67% of 

children, its frequency being inversely related to the 

incidence of T1DM in that area.[47] In those with 

established T1DM in the United States, the incidence 

of DKA has been reported to be 8 episodes per 100 

patient-years. Risk factors that predict DKA include 

female sex, longer duration of diabetes, higher mean 

HbA1c, higher reported insulin dose, the presence of 

psychiatric disorders,[48] 

insulin omission or insulin pump failure. DKA may 

also be present in up to 25% of young people 

presenting with T2DM. DKA should be treated as a 

medical emergency by an experienced medical team. 

Treatment of DKA in children differs in several 
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respects from that in adults: first, both fluids and 

insulin are calculated on per kilogram rather than an 

empirical basis. Fluid repletion should occur 

gradually with sodium chloride 0.9%. Boluses of fluid 

and insulin should be avoided. Bicarbonate should be 

given only in the setting of life-threatening 

hyperkalaemia, inotrope-resistant shock, or cardiac 

arrest. DKA is the major cause of hospitalization, 

morbidity and mortality in young people with T1DM. 

The most serious complication is cerebral oedema 

(CE), which occurs in 0.5 to 1.0%of DKA episodes, 

with 25%mortality. Demographic risk factors 

associated with increased risk for CE include younger 

age, new-onset diabetes, and longer duration of 

symptoms. Risk factors that are present at time of 

diagnosis or during treatment are increased serum 

urea, severe acidosis, greater hypocapnia after 

adjusting for the degree of acidosis, administration of 

sodium bicarbonate, and an attenuated rise in the 

measured serum sodium during treatment.[46] 

Diabetic Nephropathy 

The concept of the apparent renal benignity of type II 

diabetes is a paradox in view of the fact 

that renal involvement in non-insulin-dependent 

diabetes had been known for a long time. The large 

body of medical literature documenting renal 

sequelae in type II diabetes has been forgotten or 

ignored, but according to Hegel,“What history 

teaches is this: that people have never learned 

anything from history or acted on principles deduced 

from it.” In 1764, Cotugno noted that heat coagulated 

the urine of some diabetic patients.’ In 1839, Rayer 

described renal hypertrophy in diabetic patients (by 

necessity of type II), and noted that the cortical 

substance was more fully developed, the vessels were 

enlarged, and “Malpighi’s glands” were more 

prominent In 1859, Griesinger stated that “renal 

involvement complicates diabetes in a decisive 

fashion. 

These reports support the fact that renal involvement 

in type II diabetes has been known for a long time.  It 

is impossible to discuss all aspects of nephropathy in 

type II diabetes in the limited space of this review. 

Rather than attempting to be comprehensive, we 

shall discuss only those problems that appear to be at 

the cutting edge as we move into the second half of 

the 1990s. Therefore, we apologize to those authors 

whose work will not be recognized in this report[49-55] 

. 

Beta Cell in Autoimmune Diabetes: Many 

Mechanisms and Pathways of Loss 

T cells activated by antigens found in pancreatic β 

cells cause type-1 diabetes. T-cell activation results in 

the synthesis of cell-surface and secreted molecules 

normally used by the immune system to neutralize 

invading microorganisms. In type 1 diabetes, these 

immune effector mechanisms result in β-cell death. 

CD4 (T helper) and CD8 (cytotoxic) T cells and 

macrophages are found within the ‘insulitis’ lesion of 

affected humans and mice. Type-1 diabetes in 

humans has been transferred by bone marrow 

transplantation, but dependence on individual cell 

types is unlikely to be formally proven. Both CD4 and 

CD8 T-cell clones have been described that is capable 

of causing diabetes when injected into non-diabetic 

recipient mice. We have shown that CD8 T cells 

directly recognize b cells [via peptides bound to cell 

surface major histocompatibility complex (MHC) 

class I proteins], but CD4 T cells are unlikely to 

recognize β cells directly because they do not express 

MHC class II proteins, which are required for 

recognition by CD4 T cells. It is more likely that CD4 

T cells recognize local antigen-presenting cells 

(APCs), including dendritic cells, macrophages or β 

cells. CD4 T-cell dependent β-cell death then 

precedes indirectly, without antigen-specific 

interaction between CD4 T cells and β cells. As well 

as being able to kill β cells in a CD8 T-cell 

independent manner, CD4 T cells participate in the 

activation of CD8 T cells by activating APCs (Ref. 3). 

APC activation by CD4 T cells involves CD4 ligand 

interactions, and probably takes place in draining 

lymph nodes. Activation of β-cell-specific T cells will 

not be considered in detail in this review. β-cell death 

R
e

v
ie

w
 P

a
p

e
r
 

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
5 



might also play a role in the initiation of β-cell 

autoimmunity. Although inconclusive, this is 

suggested by the requirement for CD8 T cells and 

evidence that the cell death receptor FAS might be 

necessary for initiation of insulitis[56-58].  

Interleukin 1 

IL-1 was found to be responsible for the toxic effects 

of supernatants of activated inflammatory cells. It 

decreases glucose-stimulated insulin release, which is 

initially temporary but can become permanent; an 

effect that is enhanced by other cytokines. Although 

there is some evidence for DNA strand breaks 

secondary to cytokine treatment 

independent of NO production, β-cell toxicity caused 

by IL-1 is mediated mainly by induction of iNOS and 

production of NO beta cells are known to express 

high levels of IL-1 receptors. Recently, Okamoto and 

coworkers have shown that the synthesis of iNOS, 

under the control of the promoter of the gene 

encoding insulin results in β-cell destruction and the 

development of diabetes in the absence of insulitis. 

Administration of the NOS inhibitor aminoguanidine 

prevented the development of diabetes in these 

transgenic mice and in NOD mice. However, iNOS-

deficient NOD mice develop diabetes normally. 

Cytokines (particularly TNF) and lipopolysaccharide 

(LPS) might exert their effects by inducing the 

production of IL-1 by intra-islet macrophages and, 

after cytokine treatment, most intra-islet iNOS is 

found in β cells. Intra-islet IL-1 has been found in the 

NOD mouse and the biobreeding (BB) rat, and both 

soluble IL-1 receptor and anti-IL-1 antibodies protect 

NOD mice from disease. Compared with IFN-g and 

TNF, the role of IL-1 in causing β-cell destruction in 

the NOD mouse has been much less directly tested. 

Essentially no studies have attempted to localize the 

effect of IL-1 to the β cell and there are no studies 

published on the effects of genetic manipulation of 

the gene encoding IL-1. The local concentration and 

effects of IL-1 in the NOD islet are also uncertain. 

The production of IL-1- responsive molecules, such 

as iNOS and FAS, is not easy to detect in b cells 

isolated from NOD mice in contrast to β cells treated 

with IL-1, whereas IFN-g responsive genes are easily 

detected[59-64]. 

Perforin and Non-perforindependent 

Mechanisms 

Perforin is a key component of cytotoxic T-cell (CTL) 

granules and is a major effector molecule causing 

cytotoxicity of virus-infected cells, the classic targets 

of CTLs. NOD mice made deficient in perforin by 

gene targeting have insulitis but significantly 

decreased diabetes, which occurs later than in wild-

type (wt) NOD mice. Although this clearly indicates a 

role for perforin, it is also good evidence for other 

mechanisms of β-cell destruction. There is a host of 

candidates to account for non-perforin-dependent β-

cell destruction. These include cytokines such as the 

interferons, interleukin 1 (IL-1), TNF and TNF family 

members, including FAS ligand (FASL). The 

receptors for these are expressed on β cells, whereas 

receptors for other proinflammatory cytokines such 

as those that signal via GP130, including IL-6, might 

be missing (H. Thomas and T.W.H. Kay, 

unpublished). Interferon g (IFN-g), IL-1 and TNF, 

especially in combination, activate pathways of gene 

regulation leading to production of nitric oxide (NO) 

and other free radicals within the β cell. TNF and 

FASL can also activate caspase cell death pathways in 

b cells. It is unclear whether this is the case for IFN-

g, IL-1 and free radicals, although they can cause 

DNA damage[65-69]. 

 

Interferon g 

Many direct effects of IFN-g on β cells have been 

demonstrated, including MHC class I and 

intercellular cell adhesion molecule 1 (ICAM-1) 

upregulation, as well as regulation of inducible NO 

synthase (iNOS) and FAS (Ref. 19) (both of which 

require a combination of IL-1 and IFN-g). MHC class 

I regulation has been studied in particular because of 

evidence that CD8 T-cell interactions with β cells are 

required for diabetes 2. It has been known for over a 

decade that combinations of cytokines that include 
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IFN-g are toxic to β cells as measured by microscopy, 

glucose-stimulated insulin release or, more recently, 

by DNA fragmentation. Nevertheless, drawing a 

parallel with β-cell destruction is not straightforward 

for many reasons, including the difficulty of 

accurately gauging the intra-islet concentration of 

cytokines within the insulitis lesion. Injection of anti-

IFN-g monoclonal antibodies decreases diabetes in 

the NOD mouse, and targeting of the gene encoding 

IFN-g decreased diabetes in the lymphocytic 

choriomeningitis virus glycoprotein (LCMV-GP) 

transgenic mouse model, in which β cells were 

deliberately made the target of an antiviral immune 

response. The results of gene targeting of the IFN-g 

pathway in the NOD mouse are discrepant and still 

not fully understood. IFN-g deficient NOD mice have 

a normal incidence of diabetes, although diabetes is 

somewhat delayed. In contrast, IFN-g receptor-

deficient NOD mice have reduced insulitis and do not 

develop diabetes. This discrepancy has not been 

explained – it might represent two views of the same 

‘half-full glass’ or it might indicate undiscovered 

complexities in IFN-g biology. Given that a role for 

signals from the IFN-g receptor in diabetes 

pathogenesis is likely, is this related to the well-

documented direct effects of IFN-g on β cells or, 

alternatively, to its action on dendritic cells, 

macrophages or other cells? To answer this question, 

we produced transgenic NOD mice that express 

dominant negative (DN) mutant IFN-g receptors on 

pancreatic β cells (RIP-DgR mice). β- Cells in these 

mice are unresponsive to IFN-g, whereas all other 

cells, including cells of the immune system and other 

cells within the complex local environment of the 

islet, respond normally MHC class I expression 

increased gradually with age in islet cells from wt 

NOD mice; however, no increase was observed in 

DgR β cells. The transgenic mice developed diabetes 

at a similar rate to that of wt mice. This result 

dissociates MHC class I upregulation from 

progression to diabetes, shows that the rise in MHC 

class I molecules is a result of local IFN-g and makes 

it unlikely that IFN-g promotes autoimmune diabetes 

by a direct effect on β cells. Lack of IFN-g 

responsiveness also rendered DgR cells unresponsive 

to other potentially noxious stimuli. This is because a 

combination of cytokines including IFN-g is required 

for many responses, such as FAS cell-surface 

expression and sensitivity, and iNOS production. 

Thus, b cells from RIP-DgR mice are protected from 

many possible mediators of β-cell toxicity and yet are 

destroyed in vivo in NOD mice. Even in the absence 

of perforin-producing CD8+ T cells, RIP-DgR β cells 

are destroyed by transfer of activated BDC2.5 β-cell-

specific CD4+ T cells. These data lead us to believe 

that, in addition to perforin and the contents of the 

cytotoxic granules, other as yet uncharacterized 

immune effector 

mechanisms contribute to β-cell destruction in NOD 

mice[70-76]. 

Tumor Necrosis Factor 

TNF was regarded as either being protective against 

diabetes or as having effects too complex to interpret, 

has recently re-emerged as an important factor in the 

pathogenesis of diabetes in the NOD mouse. 

Transgenic NOD mice with β cells expressing the 

gene encoding TNF-a from birth under the control of 

the rat insulin promoter (RIP) had increased and 

accelerated diabetes. This result contrasts with RIP-

TNF NOD mice, which express the transgene later in 

life and are protected from diabetes. Diabetes was 

not simply a result of TNF-induced β-cell 

cytotoxicity. TNF most likely increased the ability of 

APCs to activate beta cell specific T cells. Recently, 

NOD mice deficient in one form of the TNF receptor, 

TNFR1, were found to be protected from diabetes. 

These studies establish that TNF can promote 

diabetes, but do not provide insight into the 

mechanism, the source or the target cell of TNF. The 

importance of the direct β-cell effects of TNF was 

supported by experiments in which TNFR1-deficient 

islets were protected from diabetogenic clonal CD4 

BDC2.5 T cells when both the islets and the T cells 

were transplanted into NOD/SCID (severe combined 
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immunodeficient) mice. These authors did not favor 

a direct β-cell cytotoxic role for TNF, because when 

wt and TNFR1-deficient b cells were mixed together 

they were both killed by 

diabetogenic T cells. These data indicate that β cells 

must be exposed to TNF for β-cell specific CD4 T 

cells to be reactivated in vivo – possibly by TNF 

inducing antigen release from β cells although this 

has not been demonstrated. This study indicates that 

the effects of TNF on β cells themselves are 

important, and the results are somewhat at variance 

with the conclusion reached by Green et al. that the 

target of TNF is APCs (Ref. 24). The model of 

cotransplantationof T cells and genetically modified 

islets into SCID mice was complex but well validated. 

This is a useful model, which might not be exactly 

equivalent to following the evolution of spontaneous 

diabetes. Furthermore, TNF made by transgenic β 

cells might be mainly soluble and not equivalent to 

that made in BDC 2.5 cells, which might be 

membrane bound[77-80]. 

Management of T1DM in childhood 

The diagnosis of T1DM is a pivotal moment for the 

child as well as for his/her family.T1DMis a life-long 

condition with serious short and long-term 

implications. It is essential that from the moment of 

diagnosis these families receive expert care from a 

team of health professionals experienced in 

childhood diabetes, including a physician, diabetes 

nurse, dietician and social worker. At onset, children 

presenting without DKA can be safely managed on an 

ambulatory basis provided that support services are 

available and that no other medical or social 

conditions exist that would place the child in danger. 

A meta-analysis of home based management at DM 

onset suggests that, in comparison to routine hospital 

admission, outpatient care is not associated with 

worse metabolic control, acute diabetic complications 

or psychosocial outcomes, or greater costs[81]. Early 

‘survival skills’ to be mastered include insulin 

injections, blood glucose monitoring, basic nutrition 

planning, and detection and treatment of 

hypoglycaemia. In the subsequent weeks, more 

detailed information is provided about diabetes 

management (pathophysiology, insulin dose 

adjustment, effects of exercise, and sick days). 

Insulin initiation varies greatly among different 

centres but generally consists of two to four 

injections per day. The starting total daily dose is 0.4-

0.6 units/kg body weight/day, usually lower in 

younger children, and is adjusted on a daily basis 

until target blood glucose is achieved. Families of 

children with T1DM should have a clear 

understanding of the rationale for blood glucose and 

HbA1c targets for their child. After initial 

stabilization and education, children and their 

families enter the long-term follow-up phase of their 

diabetes. This includes regular follow-up visits with 

their diabetes team with surveillance for psychosocial 

problems, associated conditions (hypothyroidism, 

coeliac disease), and microvascular and 

macrovascular complications. Special attention must 

be paid to those children and their families, most 

frequently the youngest children and adolescents, 

who have the greatest difficulty meeting the 

considerable demands of their diabetes regimen. 

Soon after initial presentation, most patients enter a 

transient remission or ‘honeymoon’ phase when 

exogenous insulin requirements decrease as a result 

of residual b-cell secretion. The duration of the 

honeymoon phase is proportional to the age of the 

child. Families need to be forewarned of the natural 

history of T1DM so that they do not develop false 

hope that their child’s diabetes is ‘going away’. 

Glycaemic and HbA1c targets 

The Diabetes Control and Complications Trial 

(DCCT) demonstrated conclusively that intensive 

glycaemic control delays and prevents the 

microvascular and macrovascular complications of 

T1DM[82,83]. Intensification of therapy is associated 

with an increased risk of hypoglycaemia that can be a 

limiting factor in achieving good metabolic control. 

Severe hypoglycaemia in young children has been 

associated with mild cognitive deficits later in life, 
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although the cause-and-effect relationship remains 

controversial. This demands that age-appropriate 

targets be set and that progressively tighter control 

be sought as the child grows older. Summarizes the 

glycaemic goals published in the 2008 Clinical 

Practice Guidelines of the Canadian Diabetes 

Association (CDA). Multiple studies attest to the 

difficulties in achieving these goals in all children 

with T1DM[84,85].  

Insulin regimens 

Approaches to insulin therapeutics vary from one 

centre to another. Most children and teenagers now 

start their treatment with a combination of 

intermediate-acting insulin (NPH) or basal insulin 

analogue (insulin glargine or insulin detemir), 

combined with rapid-acting insulin analogues 

(insulin lispro or insulin as part) given two or more 

times daily, with insulin doses calculated to match 

carbohydrate intake and ambient blood sugar. The 

choice of regimen should be tailored to the child’s 

age, duration of diabetes, daily routines, targets of 

metabolic control, and individual and family 

preferences[86]. When rigorously applied, this basal-

bolus approach can help to achieve and maintain 

near-normal glycaemia. for the onset, peak, and 

duration of action of commonly used insulin 

preparations. Increasingly, children and teenagers 

with T1DM are using continuous subcutaneous 

insulin infusion (CSII) pumps[87] CSII is a more 

sophisticated form of basal-bolus regimen whereby 

fast acting insulin analogue is administered by 

continuous infusion (basal rate) with intermittent 

boluses given before carbohydrate ingestion or to 

correct hyperglycaemia. A systematic review and 

meta-analysis of randomized controlled trials 

comparing CSII to MDI in children with T1DM found 

a modest improvement (0.24%) in HbA1c in the CSII 

group and found no differences in DKA or severe 

hypoglycaemia between groups. Quality of life and 

patient satisfaction have been reported to be at least 

equal or response leading to hyperglycaemia. For 

children and teenagers involved in exercise activities, 

more frequent monitoring with either insulin dose 

adjustment or appropriate food intake are needed to 

avoid the extreme hypoglycaemia that can occur with 

activity. Diabetes should not limit the ability of a 

child to participate in sport. Methods for adjusting 

insulin and carbohydrate intake to accommodate 

exercise have been proposed [86-88]. 

Hypoglycaemia 

Hypoglycaemia (blood glucose <3.9 mmol/L or 70 

mg/dL) is a common unwanted effect in people 

treated with insulin and occurs when there is an 

imbalance in insulin dose, food consumed and 

activity. Symptoms include autonomic (adrenergic) 

activation and/or neurological dysfunction 

(neuroglycopenia)[89] Recognition of symptoms of 

hypoglycaemia can be difficult in young children with 

T1DM and therefore increased monitoring of blood 

Glucose when hypoglycaemia might be expected 

(overnight, after insulin dose adjustment, strenuous 

exercise, or illness) is recommended. Families should 

have injectable glucagon at home to treat severe 

hypoglycaemia (coma, seizure, or severe confusion). 

Hypoglycaemia has been associated with reduced 

cognitive functioning and can, rarely, be a cause of 

death in young people with T1DM. Co-morbidities 

such as coeliac disease and Addison’s disease can 

increase the risk of hypoglycaemia [90]. 

Blood glucose monitoring [81-83] 

Children and adolescents with T1DM are encouraged 

to monitor blood glucose at least four times per day 

(before each meal and at bedtime). Maintenance of a 

blood glucose logbook is essential to follow patterns 

and to make appropriate dose adjustments. 

Continuous glucose monitoring technologies have 

been developed and are increasingly being used in 

clinical care as an adjunct to intermittent 

monitoring[81]. HbA1c is a measure of glycaemic 

control over the previous 4e12 weeks, weighted more 

heavily toward the most recent 4 weeks. Lower 

HbA1c values have been associated with fewer and 

delayed microvascular and macrovascular 

complications[82,83]. The goal of diabetes 
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management should be to maintain the lowest 

possibleHbA1c without severe or prolonged 

hypoglycaemia or hyperglycaemia. 

Management of type 2 diabetes mellitus in the 

elderly 

Type 2 diabetes mellitus (DM) is an epidemic that 

continues to increase rapidly, affecting millions of 

people worldwide [91-93]. More than 10% of Americans 

≥20 years old and 23% of Americans ≥60 years old 

have DM. Among adults 60–74 years of age, 11% 

have undiagnosed DM. Age is an important 

contributor to DM, as well as obesity and sedentary 

lifestyle. Nearly half of people with DM are ≥65 years 

old[94-95]. DM related morbidity and mortality, and 

comorbidities such as chronic kidney disease (CKD), 

congestive heart failure (CHF), cognitive 

impairments, depression, physical disability and 

frailty [96-98] 

Treatment options for elderly diabetics 

(a)  Lifestyle interventions 

(b) Oral hypoglycemic agents 

(c) Incretins 

(d) New oral agents 

(e) Insulin 

 

Lifestyle interventions: 

Obesity is a common and growing problem in the 

elderly and is strongly associated with metabolic 

syndrome, DM, hypertension, hyperlipidemia and 

cognitive dysfunction[99-103]. Decreased physical 

activity and energy expenditure with aging 

predispose to fat accumulation, fat redistribution, 

and muscle loss which cause insulin resistance. In the 

elderly BMI may not increase with adiposity which 

makes this data more difficult to interpret[103]. Meta-

analyses of exercise and diet studies have concluded 

that HbA1c can be lowered by aerobic and resistance 

exercise and by dietary intervention, by 0.6–0.8% 

and 0.5%, respectively [104]. Current guidelines 

recommend that patients with DM should perform at 

least 150 min per week of moderate-intensity aerobic 

exercise and should perform resistance exercise 3 

times per week [105]. Therefore, the focus of treatment 

of DM should be on reduction of intra-abdominal fat 

with modest and balanced diet restriction and 

preservation of muscle mass and strength through 

physical activity prescribed according to elderly 

patient’s health status and abilities [106]. 

Oral hypoglycemic agents 

Metformin (biguanide): Metformin is the only 

biguanide available. It is currently the recommended 

first line treatment and the most widely used insulin 

sensitizer in the elderly because of effectiveness in 

lowering blood glucose, a low risk of hypoglycemia 

and relatively low adverse effect profile. It can be 

used as monotherapy or in combination with other 

oral hypoglycemic agents such as sulfonylurea, GLP-1 

receptor agonists, DPP-4 inhibitors or with insulin. 

Together with diet, metformin can reduce fasting 

glucose by 50–70 mg/dL and the HbA1c from 1.3 to 

2.0%. It lowers blood glucose levels by sensitizing the 

liver to the effects of insulin[107].  

Sulfonylureas: Sulfonylureas stimulate insulin 

release by binding to a specific site on the 

sulfonylurea receptor on _ cells (KATP channel 

complex) and inhibiting its activity which causes cell 

membrane depolarization and the cascade of events 

leading to insulin secretion. It remains an effective 

mean of achieving blood glucose control after failure 

of diet alone in older patients. Hypoglycemia is the 

major concern with sulfonylureas especially with 

long acting ones in elderly patients with reduced 

renal function and liver dysfunction and in patients 

with poor nutritional status and alcohol abuse. 

Weight gain (up to 1–3 kg) and overeating to 

counteract or prevent hypoglycemia are major 

limitations to achieving optimal glycemic control [108]. 

Meglitinides – (repaglinide and nateglinide): 

Meglitinides are insulin secretagogues with rapid 

onset and relatively short duration of action that 

control postprandial hyperglycemia. 

Hypoglycemia risk is less than with sulfonylureas, 

which makes this class of medication a more suitable 

alternative in elderly patients with CKD or those that 
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are intolerant to metformin or sulfonylureas. 

Nateglinide is mainly metabolized by the liver and 

excreted by the kidneys unchanged. Therefore, it 

does not require dose adjustment in renal failure. 

Repaglinide is metabolized primarily (90%) by the 

liver and the remaining 10% is metabolized by the 

kidneys, requiring dosage adjustment in renal failure. 

Repaglinide should be used cautiously in patients 

with hepatic insufficiency and CKD. However, several 

studies reported the safety and efficacy of repaglinide 

with a lower risk of hypoglycemia in elderly patients 

with DM .The need for multiple daily doses may 

reduce compliance with this medication class [109-110]. 

Thiazolidinediones (rosiglitazone and 

pioglitazone): Thiazolidinediones (TZDs) are 

insulin sensitizers that reduce insulin resistance in 

peripheral tissue especially in muscle and also 

decrease hepatic gluconeogenesis by activating the 

peroxisome proliferator-activated receptor 

gamma[111]. 

α-Glucosidase inhibitors: Acarbose, miglitol, 

voglibose (only in Europe) are the available 

glucosidase inhibitors. They are extensively studied 

and widely used in Europe and Japan. They slow the 

rate of carbohydrate absorption by inhibiting the 

upper gastrointestinal enzymes (α-glucosidases) that 

convert complex polysaccharide carbohydrates into 

monosaccharides in a dose-dependent fashion. In 

addition, they stimulate secretion of glucagon like 

peptide (GLP-1) and glucose-dependent 

insulinotropic polypeptide (GIP)[112,113]. They are 

much more effective in lowering blood sugar in 

patients on high starch diets. They show modest 

HbA1c reduction (0.5–0.8%) and can be used in 

combination therapy. They can be quite useful in the 

elderly because of absent hypoglycemia risk and their 

effect on postprandial hyperglycemia. In addition, α-

glucosidase inhibitors can increase insulin sensitivity 

in elderly diabetics [114]. 

Incretins 

Incretins, GLP-1 and GIP, are short-lived gut 

hormones. They enhance the synthesis and release of 

insulin from pancreatic β- cells and decrease 

glucagon release from pancreatic-β -cells. These 

incretin hormones are released in response to oral 

glucose and other nutrients and increase insulin 

secretion, attenuate postprandial glucagon secretion 

and hepatic gluconeogenesis with resulting 

improvement in postprandial glycemia. Both GIP and 

GLP-1 are rapidly metabolized by the enzyme 

dipeptidyl peptidase-4 (DDP-4) resulting in short 

plasma half-lives[115,116]. Incretin based therapy is a 

good choice for elderly diabetics because of its low 

risk of hypoglycemia, a fairly benign side effect 

profile, and its glucose dependent mechanism of 

action which limits hypoglycaemia[117]. 

 

New oral agents: 

Bile acid sequestrates: Colesevelam is a bile acid 

binding resin approved for treatment of 

hypercholesterolemia. It can also lower blood glucose 

and can be used in DM treatment. It lowers HbA1c 

0.5% when added to metformin, sulfonylurea or 

insulin. The major side effect of colesevelam is 

constipation; thus, it should be avoided in patients 

with gastroparesis or other gastrointestinal motility 

disorders, in patients after major gastrointestinal 

surgical procedures, and in others at risk for bowel 

obstruction. Other adverse effects include: elevated 

serum triglycerides and possible malabsorption of 

fat-soluble vitamins. There are no data in the 

elderly[118]. 

Bromocriptine: Bromocriptine (Cycloset), a 

sympatholytic dopamine D2 receptor-agonist, was 

FDA-approved for DM treatment. The dose range is 

1.6–4.8 mg, taken with food in the 

morning within two hours of awakening. It is used as 

mono therapy or in combination therapy with insulin 

and oral agents and has a favourable safety profile 

and tolerability. Its effect on blood glucose may be 

due to action in the central nervous system. The 

mechanism of action of bromocriptine in diabetes 

has not been clearly elucidated. Side effects include 

nausea, fatigue, dizziness, orthostatic hypotension, 
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vomiting, and headache. Its efficacy in glycemic 

control is modest (HbA1c reduction of 0.1–0.4%). 

There are no data in the elderly[119]. 

Insulin 

Insulin is the most effective antidiabetic medication 

when dosed appropriately. The progressive decline of 

β-cell function with advancing age means that the 

majority of elderly diabetics will require insulin 

eventually[120]. However, insulin has been 

underutilized in elderly diabetics due to concern 

about hypoglycemia and complexity of 

administration. Nevertheless, insulin should not be 

perceived as the last resort in the elderly. At the same 

time, laboratory values e.g. blood glucose and HbA1c, 

should not be the only guides to starting insulin. 

Before initiating insulin, assessment of psychosocial 

condition, functional, and cognitive status of patients 

is essential for the safe and effective use of insulin[121]. 

Major limitations include inability to self-administer 

due to poor vision, impaired manual dexterity, poor 

functioning or impaired cognition and potential for 

hypoglycaemia [122]. 

Management of Gestational diabetes mellitus: 

Management of Gestational Diabetes mellitus is done 

by the following: 

(a) Glucose monitoring 

(b) Medical nutrition therapy (MNT) and 

exercise 

(c) Insulin therapy 

(d) Oral medication 

(e) Obstetrical management 

Glucose monitoring: 

Self-monitoring of blood glucose is the cornerstone 

for achieving the set targets of plasma glucose in 

order to reduce perinatal mortality. 

Recommendations from Fourth International 

Workshop Conference on GDM suggest lowering the 

capillary whole blood glucose concentration to: 

preprandial < or = 95 mg/dl and either 1 h 

postprandial < or = 140 mg/dl or 2 h values < or = 

120 mg/dl. Comparable plasma reference capillary 

blood glucose threshold as suggested by ADA 

position statement on GDM are preprandial < or = 

105 mg/dl and either 1 h < or = 155 mg/dl or 2 h 

value < or = 130 mg/dl. There is however increased 

risk of IUGR if the overzealous lowering of blood 

glucose is achieved. A mean glucose level of <87 

mg/dl has been shown to be associated with higher 

incidence of IUGR[123,124]. 

Medical nutrition therapy (MNT) and 

exercise: 

Diet is the cornerstone of the management of 

hyperglycemia in GDM irrespective of the 

pharmacological therapy. The targets to be achieved 

by MNT are to provide sufficient nutrition to the 

mother and foetus, provide adequate calories for 

maternal weight gain, to achieve normoglycemic 

state and lastly to prevent ketosis. Addition of 300 

kcal/day is usually required in 2nd and 3rd trimester 

in normal weight women[125]. MNT for GDM centers 

on a carbohydrate-controlled meal plan. The amount 

and distribution of carbohydrate should be 

individualized according to the clinical setting like 

hunger, glycemic control, weight gain and ketosis. A 

minimum of 175 g carbohydrate per day should be 

provided, which should be distributed into 3 small to 

moderate meal and 2 - 4 snacks. The calculated daily 

calorie intake is based on prepregnant body weight. 

For body mass index (kg/m2) 20—25, >25—34 and 

>34, the respective calorie intake are 30, 25 and 20 

kcal/kg[126,127]. 

Insulin therapy: 

Insulin therapy is the most validated treatment 

option when MNT fails to achieve the target glycemic 

control. How long a trail of MNT is to be given before 

resorting to insulin is not known. When diagnosed 

late in pregnancy, with shortage of time period 

available for achieving targeted glycemic values, 

insulin therapy needs immediate introduction. 

Lacking a general consensus for the initiation of 

insulin, some discrepancies are encountered at the 

threshold of fasting plasma glucose. Either > 95 or > 

105 mg/dl have been proposed by different authors 

[123,126-128]. Most authorities consider 1 h postprandial 
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>140 mg/dl and/or 2 h >120 mg/ dl to initiate 

insulin therapy. The prepregnant BMI and present 

pregnant weight determines the total dose of insulin 

required at initiation. For non-obese patient 0.8 µ 

/kg and for overweight and obese 0.9 µ /kg is the 

starting dose. 2/3rd of the total in ratio of 2:1 

(basal:regular) is administered in morning and 1/3rd 

in the ratio of 1:1 (regular:basal) given at dinner and 

bedtime, respectively. The total dose needs to be 

increased by 10—20% every 3—7 days. Intensively 

treated (multiple insulin injection and/ or 7 times 

SHBG) women has better pregnancy outcome as 

compared to those with conventional therapy 

[129].Human insulin is currently recommended by 

ADA[130]. 

Oral medication 

Oral medications for glycemic control during GDM 

appears a novel step because they are easy to 

administer, are non-invasive, cheaper and have 

better patient acceptability. Before a new drug is 

given clearance for its use in pregnancy, its fetal and 

maternal safety is to be made sure. For it being safe 

for fetus, the drug should not cross placenta and even 

if it does so, it must not have any teratogenic effect 

on fetus in utero. Two drugs, which are currently 

center of attraction, are glyburide (2nd generation 

sulfonylurea) and metformin. It was way back in 

2000 when the original study on glyburide opened a 

new chapter in the management of diabetes in 

pregnancy [131]. Many experts and organization (5th 

International Workshop On Gestational Diabetes 

And North America Diabetes In Pregnancy Study 

Group) have shown faith in the use of glyburide as an 

alternative to insulin during pregnancy [132-137]. 

Glyburide does not cross placenta even when 

concentration have reached 3—4 times the 

therapeutic levels [138-140]. 

Obstetrical management: 

Fetal monitoring: Fetal surveillance has dual 

purpose to play. Firstly, it can be marker of adequate 

maternal glycemic control. USG performed in late 

2nd or early period of 3rd trimester and repeating 

every 2—4 weeks, to measure abdominal 

circumference may serve as additional guide to 

SHBG for maternal glycemic status. Treatment plan 

can be intensified if evidence of abdominal 

circumference exceeding the accepted values for that 

gestational age. Secondly, fetal congenital 

malformation can be detected with sonography in 

women with fasting plasma glucose >120 mg/dl or 

Aic% >7%. 

Timing and mode of delivery: Pregnancy should 

continue till 40 weeks as in nondiabetic pregnant 

women in setting of adequate glycemic control and 

no other known complication. Contrary to the 

general thinking, GDM by itself is not an indication 

for cesarean section. Even then increased incidence 

of cesarean section in pregnancy complicated by 

GDM is observed compared to women without 

diabetes. This is solely due to overestimation of 

obstetrical complication. ACOG suggests 

consideration of caesarean section without labour 

when the fetal weight exceeds 4.5 kg. With weight 

between 4 and 4.5 kg, associated adverse parameters 

should be taken into account [141]. 

 

EFFECTS OF DIABETES 

Gastrointestinal symptoms in diabetes 

mellitus, and their relation to anxiety and 

depression 

Gastrointestinal complaints are commonly reported 

by diabetic patients. Previous studies indicate that 

about 70–75% of diabetic patients have a least one 

gastrointestinal symptom [142-144]. The gastrointestinal 

disturbances in diabetes may result from various 

factors such as autonomic neuropathy, microand 

macroangiopathy, altered visceral motor or sensory 

function but also from psychiatric comorbidity 

[143,145]. Glucose control and gastrointestinal 

symptoms are closely linked. On the one hand 

hyperglycemia is known to impair gastric and 

small intestinal motility, possibly through vagal-

cholinergic neural inhibition or by altering serum 

osmolality and gastrointestinal peptide secretion [146]. 
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On the other hand, gastrointestinal motility disorders 

such as diabetic gastroparesis may give rise to 

postprandial glycemic dysregulation. Thus, 

gastrointestinal disorders resulting from diabetes 

may negatively influence diabetic control, diabetic 

complications, and eventually also survival [147]. 

Gastrointestinal symptoms also negatively affect 

health related quality of life in diabetes, especially in 

type 2 diabetes [148]. 

 

EFFECT OF DIABETES ON LOWER URINARY 

TRACT 

Long-standing diabetes can cause bladder 

dysfunction, which involves autonomic neuropathy 

leading to functional parasympathetic and possibly 

sympathetic denervation of the detrusor[151,152].  

Impaired detrusor function results in a lower 

maximum flow rate for any given level of bladder 

outlet resistance and can increase post-void residual. 

Benign prostatic hyperplasia (BPH) can also cause 

lower urinary tract symptoms, including a reduced 

maximum flow rate and increased post-void residual. 

However, the underlying pathophysiology is different 

since BPH does not primarily impair detrusor 

function but rather enhances bladder outlet 

resistance via static and dynamic components.[153] If 

diabetes and BPH are associated it cannot be 

assumed that α1 adrenoceptor antagonists are 

similarly efficacious in diabetic and in nondiabetic 

patients with BPH since the 2 disease states affect 

lower urinary tract function by different mechanisms. 

However, the efficacy in diabetic patients with BPH 

has not been investigated for any α1-adrenoceptor 

antagonist to the best of our knowledge. Therefore, 

we also determine whether the α1-adrenoceptor 

antagonist tamsulosin is similarly effective in 

reducing lower urinary tract symptoms of patients 

with BPH with or without diabetes.  

Oral dryness and peripheral neuropathy 

Human saliva is the principal defense factor of the 

mouth and is important for maintaining good oral 

health. It provides lubrication during mastication 

and swallowing of food and facilitates clear speech as 

well as normal perception of taste. Saliva also plays a 

significant preventive role for the oral mucous 

membranes and for neutralizing acids to protect the 

oral hard tissue. Both immune and non-immune 

mechanisms are involved in these processes and 

many factors can influence salivary flow rate. 

Reduced salivary flow and altered composition of 

saliva may increase the susceptibility of such oral 

manifestations as caries, periodontal disease, and 

oral mucous lesions. Furthermore, oral dryness is 

often a painful condition and has also shown to have 

a negative effect on individual’s emotional well-being 

and quality of life .More than 90% of the saliva is 

produced by three pairs of major salivary glands: 

parotid (serous glands that secrete a very watery 

fluid), submandibular, and sublingual (mixed serous 

and mucin-secreting glands producing mostly 

mucous, protein-rich saliva). The secretion of saliva 

is under the control of the autonomic nervous 

system. Depending on which division of the 

autonomic nervous system is activated, the amount 

and composition of saliva can vary. The sympathetic 

system is coupled to protein secretion and produces a 

slight quantity of low-viscous saliva, and the 

parasympathetic system coupled to fluid secretion 

produces large volumes of watery, protein-poor 

saliva. Diabetes mellitus has been reported to directly 

affect the structure and function of saliva glands.  

Psychosocial problems 

An important part of treatment is self-care, which is 

the patient’s own responsibility. The management of 

diabetes self-care is regarded as highly affected by a 

person’s psychological and social situation. 

Psychosocial stress, anxiety, and depression have a 

negative impact on the disease itself [154-156], its 

outcome[157,158] and its management[159] . Coping is a 

behavior often discussed in connection with the 

management of diabetes self-care. There are several 

different coping strategies, all with the purpose of 
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managing a stressful situation and avoiding the 

anxiety it causes[160] Problem oriented coping 

strategies are found to be positively related to 

successful management of diabetes self-care[161] 

Coping is also regarded as associated with metabolic 

control. Researchers have found a connection 

between negative coping strategies such as 

resignation, protest, and intrusion (of the disease 

into life) and higher HbA1c-values[162]. Studies show 

that psychological and psychosocial interventions 

and enhanced support have positive effects on 

diabetes self management and psychological well-

being in patients with type 1 and 2 diabetes[163-165] . 

However, it may be even more important to identify 

patients with psychosocial problems that may affect 

their management of self-care early in the course of 

the disease. This early identification would enable the 

provision of psychosocial interventions and support 

that could help prevent unnecessary negative 

physical and social consequences of the disease.  

Fatigue in patients with diabetes 

Among people with diabetes, fatigue is a pervasive 

and distressing complaint. Although fatigue also 

occurs in other medical disorders, the importance of 

fatigue may be greater in individuals with diabetes. 

Clinicians who work with patients affected by 

diabetes have noted anecdotally the considerable toll 

that fatigue takes on their patients, yet there is little 

empirical research describing the severity of the 

problem. Fatigue in diabetes may be associated with 

physiological phenomena, such as hypo- or 

hyperglycemia or wide swings between the two. 

Fatigue may also be related to psychological factors 

such as depression or emotional distress related to 

the diagnosis or to the intensity of diabetes self-

management regimens. Fatigue may also be related 

to such lifestyle issues as lack of physical activity or 

being overweight—especially common in people with 

type 2 diabetes. Research is needed to clarify these 

relationships in order to help people with diabetes 

manage this symptom[166]. The variables related to 

fatigue depicts in figure 1. 

 

Figure 1: Variables in diabetes 
 

Sexual Function/Infertility 

Sexual dysfunction consists of many domains which 

can be affected by diabetes through a variety of 

pathways. Its domains include sexual drive, erectile 

function, ejaculatory function, sexual problem 

assessment and sexual satisfaction. Risk factors for 

sexual dysfunction are similar to those of 

cardiovascular disease and diabetes including 
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hypertension, dyslipidemia, depression and lower 

urinary tract symptoms.[167] While the etiology of 

diabetic sexual dysfunction remains under 

investigation, neurological, vascular, hormonal, 

muscular and psychogenic mechanisms have been 

suggested as likely mechanisms.[168,169] Atrophy or 

apoptosis of cavernous smooth muscle can occur due 

to loss of Bcl-2 expression in cavernous smooth 

muscle.[170] Neuropathic damage to the somatic and 

autonomic nerves has been seen in patients with 

diabetes. Recent studies have demonstrated a 

vascular etiology for sexual dysfunction.[171] Diabetes 

related hypogonadism also has been associated with 

erectile dysfunction.[172] Diabetic patients are subject 

to reduction in sexual desire and various degrees of 

erectile dysfunction, both of which may be attributed 

to the lethargy, fatigue and malaise associated with 

hyperglycemia.[173] 

 

CONCLUSION: It has been concluded through this 

review that diabetes is increasing day by day. It is a 

slow killer which has no known curable treatment till 

now. Its complications can only be reduced through 

proper awareness and proper medications. The main 

complications related to the diabetes are; blindness, 

kidney problems and heart attack. It is important to 

control blood glucose level of the patient by 

continuous monitoring to avoid the complications. 

The main aim of this review is to spread the detail 

knowledge of mechanism, pathophysiology and 

management of diabetes to control this killer disease. 

Further studies are needed to save world population 

from this epidemic disease. 

 

References 

1) Thivolet C, Beta cells in type-1 diabetes: victims or 

activators of T cell response. Diabetes Metab. 

(Paris) 2002; 28: 267–269. 

2) Gillespie KM, Type 1 diabetes: pathogenesis and 

prevention. CMAJ. 2006; 175 (2): 165. 

3) Narendran P, Estella E, Fourlanos S, Immunology 

of type 1 diabetes. Q. J. Med. 2005; 98: 547–556. 

4) Barclay L, Type 1 diabetes. new medical therapy: 

nmt briefs, 2005. thomson centerwatch, 

www.centerwatch.com. 

5) Weinman EO, Strisower EH, Chaikoff IL, 

Conversion of fatty acids to carbohydrate: 

application of isotopes to this problem and role of 

the Krebs cycle as a synthetic pathway. Physiol. Rev. 

1957; 37: 252–272. 

6) Figueiredo LF, Schuster S, Kaleta C, Fell DA, Can 

sugars be produced from fatty acids? A test case for 

pathway analysis tools. Bioinformatics; 2009; 25 

(1):152–158. 

7) Stumvoll M, Goldstein BJ, van Haeften TW;  Type 2 

diabetes: principles of pathogenesis and therapy. 

Lancet. 2005; 365: 1333–46. 

8) Reaven GM, Role of insulin resistance in human 

disease. Diabetes; 1988;  37: 1595–607 

9) Kahn SE, Hull RL, Utzschneider KM, Mechanisms 

linking obesity to insulin resistance and type 2 

diabetes. Nature; 2006; 444: 840–46. 

10) Burcelin R, Knauf C, Cani PD, Pancreatic alpha-cell 

dysfunction in diabetes. Diabetes Metab; 2008; 34 

(suppl 2): S49–S55. 

11) Mulder H, Nagorny C, Lyssenko V, Groop L. 

Melatonin receptors in pancreatic islets: good 

morning to a novel type 2 diabetes gene. 

Diabetologia2009; 52: 1240–49. 

12)  Cooper MS, Stewart PM. 11β-hydroxysteroid 

dehydrogenase type 1 and its role in the 

hypothalamus-pituitary-adrenal axis, metabolic 

syndrome, and inflammation. J 

ClinEndocrinolMetab2009; 94: 4645–54. 

13) Drucker DJ, Nauck MA. The incretin system: 

glucagon-like peptide-1 receptor agonists and 

dipeptidyl peptidase-4 inhibitors in type 2 diabetes. 

Lancet 2006; 368: 1696–705. 

14) Wellen KE, Hotamisligil GS. Inflammation, stress, 

and diabetes. J Clin Invest 2005; 115: 1111–19. 

15) Yang Q. Serum retinol binding protein 4 contributes 

to insulin resistance in obesity and type 2 diabetes. 

Nature 2005; 436: 356–62. 

16) Rui L, Yuan M, Frantz D, Shoelson S, White MF. 

SOCS-1 and SOCS-3 block insulin signaling by 

ubiquitin-mediated degradation of IRS1 and IRS2. J 

BiolChem2002; 277: 42394–98. 

R
e

v
ie

w
 P

a
p

e
r

  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
16 



17) Bates SH, Kulkarni RN, Seifert M, Myers MG. Roles 

for leptin receptor/STAT3-dependent and -

independent signals in the regulation of glucose 

homeostasis. Cell Metab2005; 1: 169–78. 

18) Robertson RP, Harmon J, Tran PO, Tanaka Y, 

Takahashi H. Glucosetoxicity in beta-cells: type 2 

diabetes, good radicals gone bad, and the 

glutathione connection. Diabetes 2003; 52: 581–87.  

19) Hull RL, Westermark GT, Westermark P, Kahn SE. 

Islet amyloid: a critical entity in the pathogenesis of 

type 2 diabetes. J ClinEndocrinolMetab2004; 89: 

3629–43. 

20) Marchetti P, Lupi R, Del Guerra S, Bugliani M, 

Marselli L, Boggi U. The beta-cell in human type 2 

diabetes. AdvExp Med Biol 2010; 654: 501–14. 

21) Ehses JA, Ellingsgaard H, Boni-Schnetzler M, 

Donath MY. Pancreatic islet inflammation in type 2 

diabetes: from alpha and beta cell compensation to 

dysfunction. Arch PhysiolBiochem2009; 115: 240–

47. 

22) Expert Committee on the Diagnosis and 

Classification of Diabetes Mellitus.Report of the 

expert committee on the diagnosis and classification 

of diabetes mellitus. Diabetes Care 1997;20:1183—

97. 

23) American Diabetes Association. Gestational 

diabetes mellitus (Position Statement). Diabetes 

Care 2004;27(Suppl. 1): S88—90. 

24) Seshiah V, Balaji V, Balaji MS, Sanjeevi CB, Green 

A. Gestational Diabetes Mellitus in India. JAPI 

2004; 52:707—11. 

25) Devendra D, Liu E, Eisenbarth GS. Type 1 diabetes: 

recent developments. BMJ 2004; 328: 750e4. 

26)  Barrett JC, Clayton DG, Concannon P, et al. 

Genome-wide association study and meta-analysis 

find that over 40 loci affect risk of type 1 diabetes. 

Nat Genet 2009; 41: 703e7  

27) Wherrett DK, Daneman D. Prevention of type 1 

diabetes. EndocrinolMetabClin North Am 2009; 38: 

777e90 

 

28) Colagiuri S, Lee CM, Wong TY, Balkau B, Shaw JE, 

Borch-Johnsen K. Glycemic thresholds for diabetes-

specifi c retinopathy: implications for diagnostic 

criteria for diabetes. Diabetes Care 2011; 34: 145–

50. 

29) Prentki M, Nolan CJ. Islet β cell failure in type 2 

diabetes. J Clin Invest 2006; 116: 1802 12. 

30) Defronzo RA. Banting Lecture. From the 

triumvirate to the ominous octet: a new paradigm 

for the treatment of type 2 diabetes mellitus. 

Diabetes 2009; 58: 773–95. 

31)  Stefan N, Kantartzis K, Machann J, et al. 

Identification and characterization of metabolically 

benign obesity in humans. Arch Intern Med 2008; 

168: 1609–16. 

32) Wajchenberg BL. Subcutaneous and visceral 

adipose tissue: their relation to the metabolic 

syndrome. Endocr Rev 2000; 21: 697–738. 

33)  Meier JJ, Nauck MA. Is the diminished 

incretineffect in type 2 diabetes just an epi-

phenomenon of impaired β-cell function? Diabetes 

2010; 59: 1117–25. 

34)  Unger RH, Scherer PE. Gluttony, sloth and the 

metabolic syndrome: a roadmap to lipotoxicity. 

Trends EndocrinolMetab2010; 21: 345–52. 

35) Nolan CJ, Prentki M. The islet β-cell: fuel 

responsive and vulnerable. Trends 

EndocrinolMetab2008; 19: 285–91. 

36) Leahy JL. Pathogenesis of type 2 diabetes mellitus. 

Arch Med Res 2005; 36: 197–209. 

37)  Kahn SE. The relative contributions of insulin 

resistance and beta-cell dysfunction to the 

pathophysiology of type 2 diabetes. 

Diabetologia2003; 46: 3–19. 

38)  Weir GC, Laybutt DR, Kaneto H, Bonner-Weir S, 

Sharma A. Beta-cell adaptation and 

decompensation during the progression of diabetes. 

Diabetes 2001; 50 (suppl 1): S154–59. 

39) FriedmanJE, IshizukaT, Shao J, Huston 

L,HighmanT, Catalano P. Impaired glucose 

transport and insulin receptor tyrosine 

phosphorylation in skeletal muscle from obese 

women with gestational diabetes. Diabetes 

1999;48:1807—14 

40)  Ryan EA, Enns L. Role of gestational hormones in 

the induction of insulin resistance. J 

ClinEndocrinolMetab 1988; 67:341—7. 

41) Kuhl C. Etiology and pathogenesis of gestational 

diabetes. Diabetes Care 1998;21:B19 26. 

42) Xiang AH, Peters RK, Trigo E, Kjos SL, Lee WP, 

Buchanan TA. Multiple metabolic defects during 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
17 



late pregnancy in women at high risk for type 2 

diabetes. Diabetes 1999; 48:848—54. 

43) Buchanan TA, Metzger BA, Freinkel N, Bergman 

RN. Insulin sensitivity and beta-cell responsiveness 

to glucose during late pregnancy in lean and 

moderately obese women with normal glucose 

tolerance and mild gestational diabetes. Am J 

ObstetGynecol 1990;162:1008 

44) Damm P, Bailey PC, Anyaoku V, et al. Predictive 

factor for the development of diabetes in women 

with previous gestational diabetes mellitus. Am J 

ObstetGynecol 1992; 167:606. 

45) Cianni GD, Miccoli R, Volpe L, Lencioni C, Del 

Prato S. Intermediate metabolism in normal 

pregnancy and in gestational diabetes. Diabetes 

Metab Res Rev 2003;19:259—70. 

46) Dunger DB, Sperling MA, Acerini CL, et al. 

ESPE/LWPES consensus statement on diabetic 

ketoacidosis in children and adolescents. Arch Dis 

Child 2004; 89: 188e94. 

47) Levy-Marchal C, Patterson CC, Green A, and the 

EURODIAB ACE study group. Europe and diabetes. 

Geographical variation of presentation at diagnosis 

of type I diabetes in children: the EURODIAB study. 

Diabetologia 2001; 44(suppl 3): B75e80. 

48) Rewers A, Chase HP, Mackenzie T, et al. Predictors 

of acute complications in children with type 1 

diabetes. JAMA 2002; 287: 2511e18 

49) The kidney in maturity onset diabetes mellitus: A 

clinical study of 510 patients. Kidney Int 21:730-

738, 1982 

50) Hegel G: Introduction, in Philosophy of History. 

1832 

51) Cotugno D: De Ischiade Nervosa Commentarius 

(Memoria Sulla Sciatica). Bari, Italy, 

CacucciEditore, 1983 

52) Rayer P: Trait& des maladies des reins et des 

alterations de la secretion urinaireBtudites en elles-

memes et dansleurs rapports avec les maladies des 

me&es, de la vessie, de la prostate et de 1’ uretre. 

Paris, France, Librairie de 1’Academie Royale de 

Mtdecine, NB, 1839 

53) Griesinger W: Studieniiber Diabetes. Arch 

PhysiolHeilkunde 3: l-75, 1859 

54) Senator H: Die Erkrankungen der Nieren. Wien, 

Austria, Alfred Holder, 1896, pp 138-139, 246-247 

55) Kimmelstiel P, Wilson C: Intercapillary lesions in 

the glomeruli of the kidney. Am J Path01 12:83-97, 

1936 

56) Kay, T. et al. (1997) CD4(+) and CD8(+) T 

lymphocytes – clarification of their pathogenic roles 

in diabetes in the NOD mouse. Res. Immunol. 148, 

320–327 

57) Kay, T.W. et al. (1996) RIP-beta 2- microglobulin 

transgene expression restores insulitis, but not 

diabetes, in beta 2-microglobulin null nonobese 

diabetic mice. J. Immunol. 157, 3688–3693 

58) Bennett, S.R. et al. (1998) Help for cytotoxic- T-cell 

responses is mediated by CD4 signalling. Nature 

393, 478–480 

59) Scarim, A.L. et al. (1997) Irreversible inhibition of 

metabolic function and islet destruction after a 36-

hour exposure to interleukin-1beta. Endocrinology 

138, 5301–5307 

60) Delaney, C.A. et al. (1997) Cytokines induce 

deoxyribonucleic acid strand breaks and apoptosis 

in human pancreatic islet cells. Endocrinology 138, 

2610–2614 

61) Cetkovic-Cvrlje, M. and Eizirik, D.L. (1994) TNF-

alpha and IFN-gamma potentiate the deleterious 

effects of IL-1 beta on mouse pancreatic islets 

mainly via generation of nitric oxide. Cytokine 6, 

399–406 

62) Scarim, A.L. et al. (1997) Evidence for the presence 

of type I IL-1 receptors on betacellsof islets of 

Langerhans. Biochim.Biophys. Acta1361, 313–320 

63) Takamura, T. et al. (1998) Transgenic 

miceoverexpressing type 2 nitric-oxide synthase in 

pancreatic beta cells develop insulindependent 

diabetes without insulitis. J. Biol. Chem. 273, 2493–

2496 

64) Corbett, J.A. and McDaniel, M.L. (1995) Intraislet 

release of interleukin 1 inhibits beta cell function by 

inducing beta cell expression of inducible nitric 

oxide synthase. J. Exp. Med. 181, 559–568 

65) Kagi, D. et al. (1997) Reduced incidence and delayed 

onset of diabetes in perforindeficientnonobese 

diabetic mice. J. Exp.Med. 186, 989–997 

66) Benoist, C. and Mathis, D. (1997) Cell death 

mediators in autoimmune diabetes – no shortage of 

suspects. Cell 89, 1–3 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
18 



67) Eizirik, D.L. et al. (1996) The harmony of the 

spheres: inducible nitric oxide synthase and related 

genes in pancreatic beta cells. Diabetologia39, 875–

890 

68) Mandrup-Poulsen, T. (1996) The role of interleukin-

1 in the pathogenesis of IDDM. Diabetologia39, 

1005–1029 

69) Stephens, L.A. et al. (1999) Tumor necrosisfactor-

alpha-activated cell death pathways in NIT-1 

insulinoma cells and primary pancreaticbeta cells. 

Endocrinology 140, 3219–3227 

70) Campbell, I.L. and Harrison, L.C. (1990) Molecular 

pathology of type 1 diabetes. Mol. Biol. Med. 7, 

299–309 

71) Thomas, H.E. et al. (1999) Evidence that beta cell 

death in the non-obese diabetic mouse is Fas-

independent. J. Immunol.163, 1562–1569 

72) Campbell, I.L. et al. (1991) Essential role for 

interferon-gamma and interleukin-6 in 

autoimmune insulin-dependent diabetes in 

NOD/Wehi mice. J. Clin. Invest. 87, 739–742 

73) vonHerrath, M.G. and Oldstone, M.B. (1997) 

Interferon-gamma is essential for destruction of 

beta cells and development of insulin-dependent 

diabetes mellitus. J. Exp. Med. 185, 531–539 

74) Hultgren, B. et al. (1996) Genetic absence of 

gamma-interferon delays but does not prevent 

diabetes in NOD mice. Diabetes 45, 812–817 

75) Wang, B. et al. (1997) Interferon-gamma impacts at 

multiple points during the progression of 

autoimmune diabetes. Proc.Natl. Acad. Sci. U. S. A. 

94, 13844–13849 

76) Thomas, H.E. et al. (1998) IFN-gamma action on 

pancreatic beta cells causes class I 

MHCupregulation but not diabetes. J. Clin. Invest. 

102, 1249–1257 

77) Green, E.A. et al. (1998) Local expression of TNF 

alpha in neonatal NOD mice promotes diabetes by 

enhancing presentation of islet antigens. Immunity 

9, 733–743 

78) Grewal, I.S. et al. (1996) Local expression of 

transgene encoded TNF alpha in islets prevents 

autoimmune diabetes in nonobese diabetic (NOD) 

mice by preventing the development of auto-

reactive isletspecificT cells. J. Exp. Med. 184, 1963–

1974 

79) Kagi, D. et al. (1999) TNF receptor 1-dependent beta 

cell toxicity as an effector pathway in autoimmune 

diabetes. J. Immunol. 162, 4598–4605 

80) Pakala, S.V. et al. (1999) In autoimmune diabetes 

the transition from benign to pernicious insulitis 

requires an islet cell response to tumor necrosis 

factor alpha. J. Exp. Med. 189, 1053–1062 

81) Clar C, Waugh N, Thomas S. Routine hospital 

admission versus out-patient or home care in 

children at diagnosis of type 1 diabetes mellitus. 

Cochrane Database of Syst Rev 2007; 2: 

(CD004099). 

82) The effect of intensive treatment of diabetes on the 

development and progression of long-term 

complications in insulin-dependent diabetes 

mellitus. The Diabetes Control and Complications 

Trial Research Group. N Engl J Med 1993; 329: 

977-86. 

83) Nathan DM, Cleary PA, Backlund JY, et al. 

Intensive diabetes treatment and cardiovascular 

disease in patients with type 1 diabetes. N Engl J 

Med 2005; 353: 2643-53. 

84) Canadian Diabetes Association 2008 Clinical 

Practice Guidelines for the prevention and 

management of diabetes in Canada. Can J Diabetes 

2008; 32(suppl 1). 

85) Scottish Study Group for the Care of the Young D. 

Factors influencing glycemic control in young 

people with type 1 diabetes in Scotland: a 

population-based study (DIABAUD2). Diabetes 

Care 2001; 24: 239-44. 

86) de Beaufort CE, Swift PG, Skinner CT, et al. 

Continuing stability of center differences in 

pediatric diabetes care: do advances in diabetes 

treatment improve outcome? The Hvidøre Study 

Group on Childhood Diabetes. Diabetes Care 2007; 

30: 2245-50. 

87) Bangstad HJ, Danne T, Deeb LC, et al. Insulin 

treatment. ISPAD clinical practice consensus 

guidelines 2006e2007. Pediatr Diabetes 2007; 8: 

88-102. 

88) Shalitin S, Phillip M. The use of insulin pump 

therapy in the pediatric age group. Horm Res 2008; 

70: 14-21. 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
19 



89) Bui H, Perlman K, Daneman D. Self-monitoring of 

blood glucose in children and teens with diabetes. 

Pediatr Diabetes 2005; 6: 50-62 

90) Clarke W, Jones T, Rewers A, Dunger D, 

Klingensmith GJ. Assessment and management of 

hypoglycemia in children and adolescents with 

diabetes. Pediatr Diabetes 2009; 10(suppl 12): 134-

45 

91) Boyle JP, Honeycutt AA, Narayan KM, et al. 

Projection of diabetes burden through 2050: impact 

of changing demography and disease prevalence in 

the US. Diabetes Care 2001;24:1936–40. 

92) Center for Disease Control and Prevention (CDC) 

National diabetes fact sheet. General information 

and national estimates on diabetes in the US. 

Atlanta, GA: US Department of Health and Human 

Services; 2007. 

93) Low LC.The epidemic of Type 2 diabetes mellitus in 

Asia-Pacific region. Pediatr Diabetes 2010;11:212–5. 

94) Sloan FA, Bethel MA, Ruiz Jr D, et al. The growing 

burden of diabetes mellitus in the US elderly 

population. Arch Intern Med 2008;168:192–9. 

95) Selvin E, Coresh J, Brancati FL. The burden and 

treatment of diabetes in the elderly individuals in 

the US. Diabetes Care 2006;11:2415–9. 

96) Bourdel-Marchasson I, Berrut G. Caring the elderly 

diabetic patient with respect to concepts of 

successfully aging and frailty. Diabetes Metab 

2005;31. p. 5S13–5S19. 

97) Bethel MA, Sloan FA, Belsky D, Feinglos MN. 

Longitudinal incidence and prevalence of adverse 

outcomes of diabetes mellitus in the elderly 

patients. Arch Intern Med 2007;167: 921–7. 

98) Schwartz AV, Hillier TA, Sellmeyer DE, et al. Older 

women with diabetes have a higher risk of falls: a 

prospective study. Diabetes Care 2002;25:1749–54. 

99) Cefalu WT, Wang ZQ, Werbel S, et al. Contribution 

of visceral fat mass to the insulin resistance of 

aging. Metabolism 1995;44:954–9. 

100) Narayan KM, Boyle JP, Thompson TJ, et al. Effect 

of BMI on lifetime risk for diabetes in the U.S. 

Diabetes Care 2007;30:1562–6. 

101) Despres JP. Dyslipidaemia and obesity. 

BaillieresClinEndocrinolMetab 1994;8:629–60. 

102) Harris TB, Launer LJ, Madans J, et al. Cohort study 

of effect of being overweight and change in weight 

on risk of coronary heart disease in old age. BMJ 

1997;314:1791–4. 

103) Whitmer RA, Gunderson EP, Barrett-Connor E, et 

al. Obesity in middle age and future risk of 

dementia: a 27 year longitudinal population based 

study. BMJ 2005;330:1360. 

104) Visscher TL, Seidell JC, Molarius A, et al. A 

comparison of body mass index, waist-  hip ratio 

and waist circumference as predictors of all-cause 

mortality among the elderly: the Rotterdam study. 

Int J Obes 2001;25: 1730–5. 

105) Umpierre D, Ribeiro PA, Kramer CK, et al. Physical 

activity advice only or structured exercise training 

and association with HbA1c levels in type 2 

diabetes: a systematic review and meta-analysis. 

JAMA 2011;305:1790–9. 

106) American Diabetes Association.Standards of 

medical care in diabetes—2011. Diabetes Care 

2011;34:S11–61 [pmid:21193625]. 

107) Villareal DT, Apovian CM, Kushner RF, et al. 

American Society for Nutrition; NAASO, The 

Obesity Society. Obesity in older adults: technical 

review and position statement of the American 

Society for Nutrition and NAASO, The Obesity 

Society. Am J ClinNutr 2005;82:923–34. 

108) De Fronzo RA, Goodman AM, TheMulticenter 

Metformin Study Group. Efficacy of metformin in 

patients with non-insulin-dependent diabetes 

mellitus. N Engl J Med 1995;333: 541–9. 

109) DeFronzo RA. Pharmacologic therapy for type 2 

diabetes mellitus. Ann Intern Med 1999;131: 281–

303. 

110) Inzucchi SE. Oral antihyperglycemic therapy for 

type 2 diabetes: scientific review. JAMA 2002; 

287:360–72. 

111) Powers Alvin C, D’Alessio David, “Chapter 43. 

Endocrine Pancreas and Pharmacotherapy of 

Diabetes Mellitus and Hypoglycemia”. Brunton LL, 

Chabner BA,Knollmann BC: Goodman & Gilman’s 

The Pharmacological Basis of Therapeutics. 

112) Yki-Jarvinen H. Thiazolidinediones. N Engl J Med 

2004;351:1106–18. 

113) Enc， FY, Imeryuz N, Akin L, Turo˘glu T, et al. 

Inhibition of gastric emptying by acarbose is 

correlated with GLP-1 response and accompanied 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
20 



by CCK release. Am J PhysiolGastrointest Liver 

Physiol 2001; 281: G752–63. 

114) Fukase N, Takahashi H, Manaka H, Igarashi M, et 

al. Differences in glucagonlike peptide-1 and GIP 

responses following sucrose ingestion. Diabetes Res 

ClinPract 1992;15:187–95. 

115) Meneilly GS, Ryan EA, Radziuk J, et al. Effect of 

acarbose on insulin sensitivity in elderly patients 

with diabetes. Diabetes Care 2000 ; 23: 1162–7. 

116) Drucker DJ. The biology of incretin hormones. Cell 

Metab 2006;3:153–65. 

117) Parkes DG, Pittner R, Jodka C, et al. Insulinotropic 

actions of exendin-4 and glucagon-like peptide-1 in 

vivo and in vitro. Metabolism 2001;50:583. 

118) Amori RE, Lau J, Pittas AG. Efficacy and safety of 

incretin therapy in type 2 diabetes: systematic 

review and meta-analysis. JAMA 2007;298:194–

206. 

119) Sonnett TE, Levien TL, Neumiller JJ, et al. 

Colesevelam hydrochloride for the treatment of type 

2 diabetes mellitus. ClinTher 2009;31:245–59. 

120) Defronzo RA. Bromocriptine: a sympatholytic, D2-

dopamine agonist for the treatment of type 2 

diabetes. Diabetes Care 2011;34:789–94. 

121) Turner RC, Cull CA, Frighi V, et al. Glycemic control 

with diet, sulfonylurea, metformin, or insulin in 

patients with type 2 diabetes mellitus: progressive 

requirement for multiple therapies (UKPDS 49). 

JAMA 1999;281:2005–12. 

122) Sinclair AJ, Girling AJ, Bayer AJ, for the All Wales 

Research into Elderly (AWARE) Study. Cognitive 

dysfunction in older subjects with diabetes mellitus: 

impact on diabetes self-management and use of 

care services. Diabetes Res Clin Pract 

2000;50:203–12. 

123) Sinclair AJ. Special considerations in older adults 

with diabetes: meeting the challenge. Diabetes 

Spect 2006;19:229–33. 

124) Metzger BE, Coustan DM. Organizing Committee: 

summary and recommendations of the Fourth 

InternationalWorkshop- Conference on Gestational 

Diabetes Mellitus. Diabetes Care 1998;21(Suppl. 

2):B161—7. 

125) Langer O, Levy J, Brustman L, Anyaegbunam A, 

Merkatz R, Divon M.  Glycemic control in 

gestational diabetes mellitus: how tight is tight 

enough: small for gestational age versus large for 

gestational age? Am J ObstetGynecol 1989;161: 

646—53 

126) Franz MJ, Bantle JP, Beebe CA, Brunzell JD, 

Chiasson JL, Garg A, et al. Evidence-based nutrition 

principles and recommendations for the treatment 

and prevention of diabetes and related 

complications (Technical Review). Diabetes Care 

2002;25:148—98. 

127) American College of Obstetricians and 

Gynecologists. Clinical management guidelines for 

obstericians-gynecologists: No. 30. Gestational 

diabetes. Washington, DC: ACOG; 2001. 

128)  ADA. Position statement on Gestational diabetes 

mellitus. Diabetes Care 2004;27(Suppl. 1):S88—90. 

129) Reece EA, Homko C, Miodovnik M, et al. A 

consensus report of diabetes in pregnancy study 

group of North America Conference. J AssocAcad 

Minor Phys 2002;12:362—4. 

130) Langer O, Rodriguez DA, Xenakis E, McFarland 

MB, Berkus MD, Arredondo F. Intensified versus 

conventional management of gestational diabetes. 

Am J ObstetGynecol 1994;170:1036—47. 

131) Jovanovic-Peterson L, Kitzmiller JL, Peterson CM. 

Randomized trial of human versus animal species 

insulin in diabetic pregnant women: improved 

glycemic control, not fewer antibodies to insulin, 

influences birth weight. Am J ObstetGynecol 

1992;167:1325—30. 

132) Langer O, Conway DL, Berkus MD, Xenakis E, 

Gonzales O. A comparison of glyburide and insulin 

in women with gestational diabetes mellitus. N Engl 

J Med 2000;343:1134—8. 

133) Greene MF. Oral hypoglycemic drugs for gestational 

diabetes [Editorial]. N Engl J Med 2000;343:1178—

9. 

134) Koren G. The use of glyburide in gestational 

diabetes: an ideal example of bench to bedside. 

Pediatr Res 2001;49:734. 

135) Ryan EA. Glyburide was as safe and effective as 

insulin in gestational diabetes. EBM 2001;6:79. 

136) Saade G. Gestational diabetes mellitus: a pill or a 

shot? ObstetGynecol 2005;105:456—7. 

137) Durnwald C, Landon MB. Glyburide: the new 

alternative for treating gestational diabetes? Am J 

ObstetGynecol 2005;193:1—2. 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
21 



138) Jovanovic L. The use of oral agents during 

pregnancy to treat gestational diabetes. Curr 

Diabetes Rep 2001;1: 69—70. 

139) Elliot BD, Schenker S, Langer O, Johnson RF, 

Prihoda T. Comparative placental transport of oral 

hypoglycaemic agents in humans: a model of 

human placental drug transfer. Am J ObstetGynecol 

1994;171:653—60. 

140) Elliot BD, Langer O, Schenker S, Johnson RF. 

Insignificant transfer of glyburide occurs across the 

human placenta.Am J ObstetGynecol 

1991;165:807—12. 

141) Elliot BD, Langer O, Schussling F. A model of 

human placental drug transfer. Am J ObstetGynecol 

1997;176: 527—30. 

142) Feldman M, Schiller LR. Disorders of 

gastrointestinal motility associated with diabetes 

mellitus. Ann Intern Med 1983;98(3):378–84. 

143)  Clouse RE, Lustman PJ. Gastrointestinal symptoms 

in diabetic patients: lack of association with 

neuropathy. Am J Gastroenterol 1989;84(8):868–

72. 

144) Ko GT, Chan WB, Chan JC, Tsang LW, Cockram CS. 

Gastrointestinal symptoms in Chinese patients with 

Type 2 diabetes mellitus. Diabet Med 

1999;16(8):670–4. 

145) Taub S, Mariani A, Barkin JS. Gastrointestinal 

manifestations of diabetes mellitus. Diabetes Care 

1979;2(6):437–47. 

146) Boer de SY, Masclee AA, Lamers CB. Effect of 

hyperglycemia on gastrointestinal and gallbladder 

motility. Scand J GastroenterolSuppl 1992;194:13–

8. 

147)  Ishii M, Nakamura T, Kasai F, Onuma T, Baba T, 

Takebe K. Altered postprandial insulin requirement 

in IDDM patients with gastroparesis. Diabetes Care 

1994;17(8):901–3. 

148) Talley NJ, Young L, BytzerP, Hammer J, Leemon 

M, Jones M, et al. Impact of chronic gastrointestinal 

symptoms in diabetes mellitus on health-related 

quality of life. Am J Gastroenterol 2001;96(1):71–6. 

149) Talley SJ, Bytzer P, Hammer J, Young L, Jones M, 

Horowitz M. Psychological distress is linked to 

gastrointestinal symptoms in diabetes mellitus. Am 

J Gastroenterol2001;96(4):1033–8. 

150) Collins MM, Corcoran P, Perry IJ. Anxiety and 

depression symptoms in patients with diabetes. 

Diabet Med 2009;26(2):153–61. 

151) Öztürk, Y., Altan, V. M. and Yildizoglu-Ari, N.: 

Effects of experimental diabetes and insulin on 

smooth muscle functions. Pharmacol Rev, 48: 69, 

1996 

152)  Turner, W. H. and Brading, A. F.: Smooth muscle 

of the bladder in the normal and the diseased state: 

pathophysiology, diagnosis and treatment. 

PharmacolTher, 75: 77, 1997 

153) Anderson, K.-E.: Pharmacology of lower urinary 

tract smooth muscles and penile erectile tissues. 

Pharmacol Rev, 45: 253, 1993 

154) Anderson RJ, Grigsby AB, Freedland KE, de Groot 

M, McGill JB, Clouse RE, et al. Anxiety and poor 

glycemic control: a meta-analytic review of the 

literature. Int J Psychiatry Med 2002;32:235–47. 

155) Lloyd CE, Dyer PH, Barnett AH. Prevalence of 

symptoms of depression and anxiety in a diabetes 

clinic population. Diabet Med 2000;17:198–202. 

156) Lustman PJ, Anderson RJ, Freedland KE, de Groot 

M, Carney RM, Clouse RE. Depression and poor 

glycemic control: a meta-analytic review of the 

literature. Diabetes Care 2000;23:934–42. 

157) Egede LE. Effect of depression on self-management 

behaviors and health outcomes in adults with type 2 

diabetes. Curr Diabetes Rev 2005;1:235–43. 

158) Egede LE, Nietert PJ, ZhengD. Depression and all-

cause and coronary heart disease mortality among 

adults with and without diabetes. Diabetes Care 

2005;28:1339–45. 

159) Gonzalez JS, Peyrot M, McCarl LA, Collins EM, 

Serpa L, Mimiaga MJ, et al. Depression and 

diabetes treatment nonadherence: a meta-analysis. 

Diabetes Care 2008;31:2398–403. 

160) Lazarus RS, Folkman S. Stress, appraisal and 

coping. New York: Springer Publishing Company; 

1984. 

161) Fisher EB, Thorpe CT, Devellis BM, Devellis RF. 

Healthy coping, negative emotions, and diabetes 

management: a systematic review and appraisal. 

Diabetes Educ2007;33:1080–103. discussion 1104–

1086. 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
22 



162) Gafvels C, Wandell PE. Coping strategies in men 

and women with type 2 diabetes in Swedish primary 

care. Diabetes Res ClinPract 2006;71:280–9. 

163) Pouwer F, Snoek FJ, van der Ploeg HM, Ader HJ, 

Heine RJ. Monitoring of psychological well-being in 

outpatients with diabetes: effects on mood, 

HbA(1c), and the patient’s evaluation of the quality 

of diabetes care: a randomized controlled trial. 

Diabetes Care 2001;24:1929–35. 

164) Steed L, Cooke D, Newman S. A systematic review 

of psychosocial outcomes following education, 

selfmanagement and psychological interventions in 

diabetes mellitus. Patient EducCouns 2003;51:5–15. 

165) Whittemore R, D’EramoMelkus G, Grey M. 

Metabolic control, self-management and 

psychosocial adjustment in women with type 2 

diabetes. J ClinNurs 2005;14:195–203. 

166) Cynthia Fritschi, Laurie Quinn, Fatigue in patients 

with diabetes: 22 January 2010 

167) Fine SR: Erectile dysfunction and comorbid 

diseases, androgen deficiency, and diminished 

libido in men. J Am Osteopathic Assoc 2004; 104: 

S9. 

168)  Jensen SB: Diabetic sexual dysfunction: a 

comparative study of 160 insulin treated diabetic 

men and women and an age matched control group. 

Arch Sex Behavior 1981; 10: 493. 

169) Costabile RA: Optimizing treatment for diabetes 

mellitus induced erectile dysfunction. J Urol 2003; 

170: S35. 

170) Vickers MA and Wright EA: Erectile dysfunction in 

the patient with diabetes mellitus. Am J Managed 

Care 2004; 10: S3. 

171) Berger AP, Deibl M, Halpern EJ, Lechleitner M, 

Bektic J, Horninger W et al: Vascular damage 

induced by type 2diabetes mellitus as a risk factor 

for benign prostatic hyperplasia.Diabetologia 2005; 

48: 784. 

172) Morano S: Pathophysiology of diabetic sexual 

dysfunction. J Endocrinol Invest 2003; 26: 65. 

173) Kolodny RC, Masters WH and Johnson VE: 

Textbook of Sexual Medicine. Boston: Little, Brown 

1979. 

 

 

 

 

 

 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Anees A Siddiqui et al: Diabetes: Mechanism, Pathophysiology and Management-A Review 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 1-23 
Covered in Scopus & Embase, Elsevier 

 
23 


