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ABSTRACT 

The incidence of obesity and diabetes is recognized as a rising global epidemic. Type 2 diabetes 

mellitus is a significant comorbidity of obesity. Therefore often, the term 'diabesity’ has been coined to describe 

‘obesity dependent diabetes.' The purpose of this review is to summarizes a) significant pathological factors 

linking obesity to diabetes, b) focusing on the current epidemiological data related to obesity and diabetes 

population, c) genetic determinants between them, and lastly, d) etiology and efforts to battle obesity-linked 

diabetes. 
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INTRODUCTION 

Currently, obesity is accepted as a global epidemic (1). American medical association and world 

obesity federation have declared obesity as a chronic progressive disease, distinct from being just a risk factor 

for other diseases(2). Significant Comorbidities associated with obesity are decreased life expectancy of an 

estimated 5-20 years depending on severity(3, 4), metabolic diseases (type 2 DM, fatty liver disease), 

cardiovascular disease( hypertension, MI, stroke)(5), musculoskeletal disease(osteoarthritis), sleep apnea(6), 

depression, Alzheimer disease, several types of cancer(colon, rectum, prostate, endometrium, breast, kidney, 

liver, ovarian), endocrine changes including irregular menses, amenorrhea, and infertility in overweight 

women(7). Above all, It is one of the primary causes of the rising prevalence of type 2 DM(8). The association 

is so strong that overweight persons have a threefold risk of developing these comorbidities compared with 

healthy weight individuals, and obese persons are 20 times more likely to develop diabetes(6). Till now, many 

studies have been done to see the influence of obesity on inducing type 2 DM (9-12). Many studies also 

described other risk factors like physical inactivity(13), low birth weight(14), food habits, gender, age, and race 

that contribute to the development of type 2 D(15).  we undertook a search of medical literature for articles 

published in the English language between 1980 and 2020. The primary purpose of this review is to estimate 

the influence of obesity on inducing type 2 DM. We shall also explore their current epidemiological conditions, 

genetically based associations, and ongoing efforts to combat obesity-linked diabetes. 

 

1. Obesity and type 2 DM: 

WHO defines obesity as an excessive accumulation of fat that might impair health and is diagnosed at 

a BMI of ≥30 kg/m2(16). It is a complex multifactorial disease resulting from the interaction of genetic and 

environmental factors. BMI is the most commonly used measurement for body adiposity(16). Among obese 

individuals, health risk increases with increasing  BMI(17). However, BMI may not be an accurate measurement 

of body fat when considering specific population, due to a difference in body proportion(18). Hence 

anthropometric measurements like waist circumference (WC) and waist/hip ratio (WHR) better associate 

obesity with the health risk factor(19). WC and WHR are shown to be associated with an increased risk of all-

cause of obesity-related mortality inducing ischemic heart diseases(20). In population, the type of fat 

distribution is related to the development of an obesity-related complication(21, 22). Men have more lean mass 

with a central distribution of adipose, whereas women have a higher overall proportion of adiposity with the 

peripheral distribution(23). Abdominal obesity is strongly associated with the development of insulin 

resistance and hyperglycemia in compere to general obesity (21, 24, 25).  

Diabetes is a metabolic disorder with two primary types, 1 and 2. Type 2 is a heterogeneous disorder 

characterized by insulin resistance(26, 27) in the presence of pancreatic beta-cells failure to produce sufficient 

insulin to meet the essential need(26, 28). Diagnosis of D.M. is made as an 8hr post fasting blood glucose> 

126mg/dl or a 2-hour postprandial blood glucose> 200 mg/dl(29). D.M. results from an interaction between 
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the subject genetic makeup and his/her environment. Lifestyle and obesity are among the principle 

environment factor that enhances the risk of developing diabetes.  

2. Epidemiology: 

Today obesity dependent diabetes is one of the significant health challenges of the 21st century. Over 

the past years, the prevalence of obesity has increased worldwide to the pandemic proportion(30, 31). The 

international obesity task force has estimated that worldwide more than 312 million adults are obese(32). The 

total number of overweight population worldwide is projected to increase from 937 million in 2005 to 1.35 

billion in 2030. In contrast, the number of obese individuals is expected to grow from 396 million to 573 

million(33). Overweight and obesity are projected to cost $860 billion to $956 billion (15.8%-17.6% of total 

health cost) by 2030(34).developed nations are failing badly in their attempts to control the obesity 

epidemic(35). Some study shows the increasing prevalence of obesity coincides with improved economy and 

wealth of the country(36). The obesity rate was tripling in developing countries during the past 20 years(37), 

especially in urban areas because of several factors, including a shift from rural to the urban lifestyle and 

decreased physical activities(38). 

Recent data from the national diabetes statistics report (2017) indicates that 87.5% of adults with 

diabetes are overweight/obese(39). A report suggested that there were 171 million people with diabetes in 

2000; 285 million people currently have diabetes and predicted to be 366 million people by 2030(40). The 

most recent prediction is that in 2040 there will be 642 million diabetic people worldwide(41). The global 

expenditure for prevention and treatment is projected to exceed $490 billion by 2030(42). Geographically the 

incidence of diabetes is expected to rise by 32% in Europe and 72% in the USA by 2030. However, the most 

dramatic projected increase in diabetes incidence (>150%) is predicted in the middle east, sub-urban Africa, 

Latin America(37, 40), and Asia as a hot spot mainly because of rapid economic development, urbanization and 

lifestyle change(43). There are significant differences in the risk of type 2 DM due to obesity among the ethnic 

group (18, 44)where US black, American Indians, Hispanics, and pacific islanders having a higher propensity 

for developing diabetes(39). Diabetes develops in Asians people at a lower BMI(25kg/m2) compared with 

people of European(30kg/m2) and African-Caribbean (27kg/m2)(45). 

3. Pathological factors linking obesity to diabetes: 

90 % of type 2 D.M is attributed to excess weight(46). A term lipotoxicity is used to explain the role of 

obesity in promoting insulin resistance, which finally leads to type 2 D.M  progression(47). In an obese person, 

it results due to an increase in products of adipose tissues, including NEFA, glycerol, hormones, and pro-

inflammatory cytokines(48). Now we shall see these factors individually and their contribution to disease 

progression. 

3.1 NEFA (non-esterified fatty acids): 

Increased TG in obesity increases the proportion of adipocytes that finally become more resistant to 

the anti-lipolytic effect of insulin, resulting in the release of a higher amount of fatty acid in circulation(46). The 

level of NEFA is elevated in obese people(49), and elevated NEFA is associated with insulin resistance observed 
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in both obesity and D.M(50). Some of these following factors have shown to result in subsequent metabolic 

dysfunction leading to type 2 D.M: 

 NEFA reduces glucose uptake by adipocytes and liver and promotes hepatic glucose output to cause 

hyperglycemia(51). 

 The energy produced by fatty acid oxidation is utilized by the liver for gluconeogenesis that further 

increases blood glucose level(47). 

 NEFA metabolites impede insulin-stimulated glucose transport in muscle and inhibit normal 

suppression of gluconeogenesis(47). 

 Increased fatty acid metabolites like diacylglycerol(52), ceramides, fatty acyl-coenzyme A, in turn, 

activates serine/threonine kinase cascade leading to serine/threonine phosphorylation of insulin 

receptor substrate 1 and 2(53). A reduced ability of these molecules to activate phosphatidylinositol-3-

OH kinase(PI(3)K) results in diminished insulin receptor signalling (53). 

3.2 Adipocytes hormones: 

Adipose tissue is not only a calorie storage organ. It is also an active endocrine organ and releases 

several protein hormones that regulate energy homeostasis and modulate metabolism. Adiponectin, leptin, 

resistin, lipocalin-2, TNF- α, IL-6 are some of those factors which play a crucial role in developing insulin 

resistance and type 2 D.M in obesity(48, 54). 

Adiponectin function as anti-inflammatory factor and insulin sensitizer(48). Hence it constitutes as an 

essential natural defence mechanism against type 2 D.M. it enhances insulin sensitivity primarily by inhibition 

of hepatic glucose production(55) and by stimulating fatty acid oxidation in an AMP-activated protein 

kinase(AMPK) and peroxisome proliferator-activated receptor –α (PPAR- α ) dependent manner(48). Studies 

have shown that increased adipocytes deposition leads to a marked reduction in adiponectin level in the obese 

diabetic patient(56), and also adiponectin level negatively correlates with insulin resistance(57, 58) and high 

incident of type 2 D.M(59). visceral adipose tissue has high hyper-lipolytic activity. So they have high secretion 

of these hormones, and since visceral adipose tissue drains directly into hepatic portal veins, such exposure of 

the liver to the high concentration of metabolites and adipokines may increase cardiometabolic risk(60). 

Leptin is another hormone primarily secreted by adipose tissue. It increases insulin sensitivity and 

muscle fatty acid oxidation(61). Leptin deficiency leads to uncontrolled food intake, obesity, and other 

metabolic disorders(62). The plasma level of leptin correlates directly with adipose tissue mass, obesity, and 

insulin resistance(63). Many studies showed that in obesity, there is a positive correlation between adipose-

insulin resistance and leptin(64, 65). Hence elevated leptin level explains the leptin resistance, which is also a 

risk factor for obesity(62). 

Resistin is another peptide hormone that is shown to be involved in the link between insulin resistance 

and obesity(66). Decreased resistin is involved with improved insulin resistance(66). A  published meta-

analysis showed a significant increase in circulating visfatin levels in the overweight and obese subject, another 

adipocyte hormone, concluding a strong association between visfatin and insulin resistance(67). 
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Retinol-binding protein-4 (RBP4) is also an adipokine that has been implicated in inducing insulin 

resistance through phosphatidylinositol-3-OH kinase (PI(3)K) signalling in muscle and enhanced expression of 

gluconeogenic enzyme phosphoenolpyruvate carboxykinase in the liver through retinol-dependent 

mechanism(68). 

3.3 Pro-inflammatory cytokines: 

Although the mechanism of pro-inflammatory cytokines inducing insulin resistance and diabetes is 

unclear however the release of TNF- α, IL-6, monocyte chemoattractant protein-1(MCP-1) and additional 

product of macrophage and other cells that populate adipose tissue has a role in the development of insulin 

resistance and type 2 D.M(69).  Furthermore, CRP (C-reactive protein), induces phosphorylation of IRS-1 on 

two separate residues (Ser307 and Ser612) in L6 myocytes. This ultimately inhibits the insulin-signalling 

pathway via JNK (c-JunN-terminal kinase) and ERK1/2 (extracellular-signal-regulated kinase 1/2), and 

eventually impairs insulin-stimulated glucose uptake, GLUT4 (glucose transporter4) translocation and 

glycogen synthesis, as mediated by the IRS-1/PI3K/protein kinase B (also known as Akt)/GSK-3 (glycogen 

synthase kinase-3) pathway(70). TNF- α and IL-6 also play a crucial role in the genesis of endothelial 

dysfunction inducing endothelial expression of chemokines (IL-1) and adhesion molecules (ICAM-1, VCAM-1, 

and P-selectin) which are central to the early phase of the atherogenesis process(71). 

Recently, Taylor et al. proposed the ‘twin cycle hypothesis’ to better explain the etiology of T2DM in 

obese patients(28, 72). According to which, hepatic rather than muscle insulin resistance is involved in the 

occurrence of hyperglycemia and overt diabetes in obese patients. 

The etiologic mechanism proposed by Pories and Pories et al. for the development of T2DM in obese 

patients shows the role of incretin hormones. It implies that metabolic deterioration in obesity progress as a 

result of an overstimulation of incretins induced by overeating, leading to hyperinsulinemia and insulin 

resistance(73). 

4. Genetic implications: 

Along with the multiple lifestyle-based factors linking obesity to diabetes, there is also evidence for a 

strong genetically-based association between obesity and diabetes in populations(74). Now, epigenetic 

pathways and early-life events have received substantial attention in relation to type 2 diabetes(75). 

Adiponectin is encoded by the ADIPOQ gene(76). There are 149 variants identified in this gene that result in 

reduced adiponectin level(77). These variations have shown to affect insulin sensitivity in obese diabetic 

patients(78)and show a significant association with increased BMI(79). 

Peroxisome proliferator-activated receptor gamma (PPAR-γ), a nuclear receptor protein, is of central 

interest in the pathogenesis of diabetes and obesity. 

Pro12Ala polymorphism in the PPAR-γ gene is associated with an increased risk of developing 

diabetes(80). Genome-wide association studies (GWAS) identified several gene variants associated with T2DM. 

For BMI variability, the FTO gene was statistically the most potent genetic factor related to obesity(81). CDKAL1 
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SNP gene mutation impairs beta-cell function without affecting insulin sensitivity(82), whereas variants in the 

insulin-like binding protein 2 (IGF2BP2) gene are associated with T2DM in several ethnic groups(83). 

Several genes related to β-cell dysfunction have been identified. Such as hepatocyte nuclear factor-4α 

and 1α, E23K polymorphism in the islet ATP-sensitive potassium channelKir6.2, and two non-coding single-

nucleotide polymorphisms in the transcription factor 7-like 2(84). 

Recently, Work is going on in many candidate genes, including calpain 10, PPAR-γ co-activator 1 

(PGC1), and the glucose transporter GLUT2(84). Genetic Investigation of Anthropometric Traits investigators 

has also identified hundreds of common novel variants associated with weight and BMI, waist circumference, 

waist to hip circumference ratio, height, and macronutrient intake. In a similar analysis, a genetic risk score 

interacted with fried food consumption, showing that frequent use of fried food magnified genetic risk(85).In 

addition, the Health Professionals Follow-up Study showed genetic risk interacted with television viewing (86), 

physical activity, and, most recently, vitamin B intake(87)on obesity risk. 

5. Etiology and efforts to battle obesity-linked diabetes: 

In the past few years, over nutrition had emerged as a more significant health problem compared to 

undernutrition. Which means more people are dying from overweight and obesity then underweight(88). 

There is a broad consensus that change in the global food system(88, 89) combined with a sedentary 

lifestyle(90)seems to be the leading cause of the worldwide rise in obesity prevalence over past 50 years. 

Environmental factors are one of the significant responsible reason for the modern-day epidemic of 

obesity and type 2DM. They include increased fat consumption, sedentary behaviour with decreased energy 

expenditure(91), biological factors (low quality sleep, psychological factors, weight stigma, discrimination) 

(92)and poor nutrition during an early postnatal period. The later alters metabolism, resulting in a tissue 

adaptation that favours the storage of food (93). The result of these environmental changes is a deleterious 

interaction with genes that finally predispose to the development of obesity and type 2 DM. 

Obesity linked to diabetes is a preventable disease. Lifestyle intervention(94), weight loss with diet 

and exercise are the first-line strategy for maintaining homeostatic mechanism before drug intervention 

becomes inevitable. Weight loss therapy is recommended for a patient with BMI of 30 kg/m2 or higher and a 

patient with BMI between 25 and 29.9kg/m2 or high-risk WC and two or more risk factors(19). 

Diet should consist of low calories, low-fat food with a calorie goal of 1000-1200 kcal/day for most 

women and 1200 to 1600 kcal/day for men(19). it also should include a high intake of dietary fibre, particularly 

of the soluble type, which has shown to improve glycemic control and maintain lower plasma lipid 

concentration. Regular physical activity should be encouraged, which has demonstrated enhanced insulin 

sensitivity(95), maintain weight(19) and decrease the risk of developing diabetes. 

Public health initiative will be required to make interventions aimed at motivating behaviour changes 

like health promotion, encourage and facilitate exercise. Enhanced collaboration between government, private 

sector and community institution should be promoted to provide a healthy environment through a healthy 

lifestyle. The intervention also should be targeted for food industries, restricting marketing of obesogenic 
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foods, particularly aiming at children(88, 96). Research related to nutrition and risk factors of obesity should 

be conducted more often.  

Recently bariatric/metabolic surgery has shown a dramatic effect on glycemic control(97) and play an 

essential role in both treatment and prevention of type 2 DM. Patient with a BMI over 40 kg/m2 as well as those 

with BMI over 35 and co-morbidities, who failed to obtain and maintain significant weight reduction through 

non-surgical means are submitted to bariatric surgery. It results in clinical remission of diabetes in 64.83% of 

patients (98)and even has found to be more effective than conventional medical therapy in several control 

trials(97, 99). bariatric surgery has revelled that beyond weight loss and food restriction, other mechanisms 

such as incretins system, change in bile acid composition with flow and modification of gut bacteria can be 

activated by rearrangement of GI tract, that is possibly involved in remission of type 2 DM(100). further 

research has to be done in this field of subject. 

 

CONCLUSION 

Obesity is expanding health care crisis around the world. It is associated with an increased risk of 

developing type 2 DM. Excessive weight results in an earlier onset of type 2 DM in genetically predisposed 

individuals. We saw how visceral adiposity and insulin resistance that are distinctive clinical features of type 2 

DM are strictly associated with the pathological factors like NEFA, hormones and pro-inflammatory cytokines 

secreted by adipocytes. Current non-surgical weight loss therapy consists of lifestyle modification and 

medications. In contrast, bariatric surgery has been shown to be safe and very efficient in achieving and 

maintaining weight loss as well as treating the medical co-morbidities of obesity. 

Limiting weight gain and obesity even in the face of genetic predisposition is possible through a healthy 

diet, regular physical activity and other positive lifestyle interventions, which has shown to be the best 

preventive measure against chronic mortality and morbidity. However, an integrated approach is needed for 

its prevention and recognition of heterogeneity between obesity and type 2 DM. Further research needs to be 

directed at the understanding of the potential role of determinants such as maternal environment, early life 

factors, genetic associations, as well as changing trends in global demography, that will help to shape the 

disease prevention programs.  

Abbreviations: 

BMI: Body mass index 

Type2 DM: Type 2 diabetes mellitus 

TG:  Triglycerides 

NEFA: non-esterified fatty acids 
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