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The overall association between obesity and type 2 diabetes is so linear and strong that a 

causal relationship between the two has traditionally been assumed.1 There are some questions, 

however, yet to be answered.2 The association of diabetic complications with obesity has 

consistently shown paradoxical results.3,4 In people with diabetes with a higher body mass index 

(BMI) up to class 1 (BMI <35  kg/m2), obesity seems to have a protective effect.5 There is no 

satisfactory explanation for this reverse epidemiology phenomenon. The aim of this review is to 

attempt to generate a unifying hypothesis explaining this and other paradoxical phenomena and at 

the same time critically appraising the complex relationship between diabetes and obesity.

Epidemiological data
Obesity and diabetes
Increased body weight has been positively correlated with increased risk of diabetes. In data from 

NHANES 3, increasing BMI was shown to increase the risk of diabetes in a linear fashion.6 Similarly, 

in the UK, 90% of people suffering from type 2 diabetes mellitus are either obese or overweight.1 

In this study, obesity conferred a fivefold higher risk of developing diabetes compared with those 

with a normal weight.1 It was, however, also shown that only 12.4% of all obese people would 

eventually develop diabetes. Hence, it seems that, obesity, on its own, is not enough to cause type 

2 diabetes mellitus.

Data from Southeast Asia also shows that people with obesity are more likely to develop diabetes 

compared with a healthy body weight, even though Southeast Asians have a lower prevalence 

of obesity (by BMI criteria), both in the general population and among people with diabetes.7,8 

However, this population is shown to have higher insulin resistance and impaired glucose tolerance 

even at lower BMIs.8,9,10 This paradox has been explained by demonstration of more visceral fat in 

this group.11,12 This concept has already been challenged by other studies, which demonstrate that 

upper body subcutaneous fat is the predominant contributor towards the systemic free fatty acid 

pool and that visceral adipose tissue plays a relatively minor role in the entire process.13–16 However, 

despite the contradictory results from these studies, literature from all regions of the world shows 

significant associations between prevalence of obesity and diabetes. Hence, a causal relationship 

has been naturally assumed.

Obesity and diabetes complications
Contrary to the association of obesity with diabetes onset, its association with diabetic complication 

seems to be paradoxically inverse and, hence, protective.5,17,18 In a large meta-analysis from 

Scotland, 29,316 overweight/obese people with type 2 diabetes mellitus were analysed in terms 

of cardiovascular complications.17 It was concluded that within patients with BMI up to 40 kg/m2, 

there was no difference in the incidence of all-cause mortality, myocardial infarction, congestive 
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heart failure, peripheral vascular disease or cerebrovascular disease.17 

Only when BMI was more than 40 kg/m2, an increase in the incidence of 

all-cause mortality, congestive heart failure and cerebrovascular disease 

was found.17 In another study published in the Journal of American 

Medical Association, data from five prospective heart cohorts was 

analysed to establish a relationship between BMI at diabetes onset and 

all-cause mortality, cardiovascular mortality and non-cardiovascular 

mortality on a subsequent follow up.18 In all cohorts combined, 89% of 

people who developed diabetes were overweight or obese.18 However, 

interestingly, when data of these overweight/obese patients with 

diabetes were compared with that of healthy weight patients with 

diabetes, it was shown that overweight/obese patients with diabetes had 

a significantly lower all-cause mortality and non-cardiovascular mortality 

while cardiovascular mortality was non-significantly (p=0.06) lower.18 

In the largest meta-analysis to date on this subject, 16 cohort studies 

on all-cause mortality (n=445,125) and two studies on cardiovascular 

mortality (n=92,841) among people with diabetes were evaluated.5 

A non-linear association was observed between BMI and all-cause 

mortality among patients with type 2 diabetes, with the lowest overall 

mortality reported at a BMI range of 28–30  kg/m2. Every 5  kg/m2 

increase in BMI was significantly associated with further decreased 

all-cause mortality (HR = 0.99, 95% confidence interval [CI]=0.97–1.00, 

p=0.04).5 Lowest cardiovascular mortality was reported at BMI range 

of 29–31  kg/m2 amongst people with diabetes.5 In light of the above 

literature, it is difficult to deny this obesity paradox in diabetes, which 

seems to confer a survival advantage.

Current pathophysiological considerations
The current belief in the scientific community is that obesity 

induces insulin resistance and, hence, is causally related to the onset 

of diabetes. But, subsequent development of chronicity with diabetes, 

seems to lead to the same adiposity becoming protective (obesity 

paradox).19 However, to date, there has been no satisfactory explanation of 

why a higher BMI protects against all-cause mortality in diabetes, and we 

are still yet to discover when and how the relationship between obesity 

and diabetes changes from one that is seemingly causative to one that 

appears to be protective. Another factor that needs to be considered 

is that not all obese patients eventually go on to develop diabetes.1 

Challenging this concept is important for the future of diabetes medicine 

as we are already witnessing the promotion of weight loss medicines/

procedures as anti-diabetes therapies. Moreover, as worldwide obesity 

rates soar, figuring out the exact relationship between weight and 

diabetes is extremely important to individualise risk calculation as well 

as preventive and therapeutic interventions.

Uniform hypotheses
Body weight is regulated by the human body through a lot of short- 

and long-term mechanisms that include a variety of hormones such as 

leptin, ghrelin, insulin and cholecystokinin as well as neural hypothalamic 

circuits.20 The increasing worldwide prevalence of obesity has been 

attributed to availability of excess food as well as lack of physical activity. 

However, it is a common clinical observation that, despite the same 

overall hormonal and neural controls and the same calorie composition 

of diet and level of exercise, different individuals behave differently in 

relation to weight balance, with some people losing weight while others 

gain weight. It is also noted that people who keep putting weight on have 

a strong background of diabetes in their families.21 We propose that the 

progeny of people with diabetes develop more energy efficient metabolic 

pathways, which might allow their cells to survive even in situation of 

lower glucose availability. These changes may be mediated via undefined 

epigenetic changes and may be passed on from one generation to 

the next.22,23 These changes would enable the progeny of people with 

diabetes to have a much lower basal requirement of calories for survival. 

However, when these individuals are exposed to environments with 

a sufficient availability of food (even without the presence of insulin 

resistance), this survival advantage may become maladaptive and they 

may start gaining weight at a much lower calorie intake. This may explain 

the increasing prevalence of obesity within the progeny of people with 

diabetes (see Figure 1) and we propose to call it ‘transgeneration energy 

karma’ theory.

The human body utilises glucose as its primary source of energy. However, 

glucose is not suitable as energy storage on long-term basis or transport 

of energy between organs. Free fatty acids are energy-dense molecules 

and seem to be ideal for this purpose as they are an efficient way to 

transfer energy between different organs. In the presence of excessive 

energy molecules, the liver does store a limited amount of excess 

calories in the form of glycogen. The rest of the excess energy, either 

in the form of glucose or free fatty acids, is converted into triglycerides. 

A small fraction of these triglycerides is stored intra-hepatically in 

hepatocytes, whereas a larger majority are transported out in the form 

of chylomicrons. From the circulation, these are scavenged into adipose 

tissue by hormone sensitive lipase (see Figure 2). Adipose tissue is the 

only tissue where free fatty acids can be stored safely for a long time.23,24 

Free fatty acids, within adipocytes in peripheral insulin-sensitive tissues, 

induce insulin resistance by various mechanisms.

Initially, it was thought that free fatty acids impair glucose utilisation 

within tissues by the accumulation of acetyl coenzyme A (acetyl-CoA), 

which in turn inhibits pyruvate dehydrogenase and phosphofructokinase 

activity.25 However, it has been shown that the primary defect actually lies 

in glucose uptake and not in glucose oxidation.26 Molecular mechanisms 

involved in this phenomenon of impaired glucose transporter type 4 

(GLUT-4) translocation to plasma membrane of insulin-sensitive cells 

have been well delineated. These mechanisms have been discussed in 

detail elsewhere.16,24,26,27

In response to chronic overfeeding, free fatty acids are actively extracted 

from the circulation and deposited within adipocytes in the form of 

triglycerides, under the influence of insulin. However, these free fatty 

acids do not induce insulin resistance in adipose tissue initially as 

they are rapidly converted to neutral triglycerides. As more and more 

Figure 1: Transgeneration energy karma – possible 
explanation for increased risk of obesity within progeny 
of people with diabetes

Diabetes mellitus (especially uncontrolled)

Energy de�cient environment for cells due to insulin resistance

Epigenetic changes make energy pathways more ef�cient and thus
allow survival at much lower availability of energy

This trait is passed on to next generation.
But when these individuals are exposed to suf�cient (may not even
be excess) food without presence of insulin resistance, thier bodies

perceive this calorie availability as excess and starts storing it in
form of adipose tissue.
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triglycerides get stored, adipocytes undergo hypertrophy followed by 

hyperplasia. Hence, while adipocytes play an important role by extracting 

free fatty acids from circulation and preventing insulin-sensitive tissues 

from becoming exposed to them, when the capacity to store triglycerides 

is saturated in adipocytes, free fatty acids within the circulation can, and 

will, induce insulin resistance within insulin-sensitive tissues.27,28 Hence, 

we hypothesise that the gain of adipose tissue is an active protective 

mechanism to delay the development of insulin resistance in response 

to chronic overfeeding.

If we accept this hypothesis, the question that arises next is that if 

obesity is a normal protective response of the human body against 

insulin resistance then why does it not happen in all people with 

diabetes and in different ethnicities similarly? An explanation is that, 

as adipocytes are exposed to chronic excess of free fatty acids, the 

capacity to store free fatty acids may vary in different individuals and 

different racial backgrounds. Differences in the capacity of individual 

adipocytes to store a certain amount of fat (capacity for hypertrophy), 

as well as the capacity to undergo cell division (hyperplasia), may 

be responsible for this variation. This may explain the occurrence of 

diabetes in Asians at a much lower BMI as well as at an earlier age. 

This has been termed as the ‘adipocyte overflow hypothesis’.29,30 

Sniderman et al. proposed that as obesity develops, South Asians 

exhaust the storage capacity of their superficial subcutaneous adipose 

tissue compartment before Caucasian populations do and that leads 

to an early expansion of visceral adipose tissue, which, in turn, leads 

to the earlier development of metabolic complications.29 Adipocytes 

isolated from Asians have been shown to be larger in size and smaller 

in number compared with Caucasians.29,31

Certain adipokines have also been shown to affect insulin resistance 

directly. Larger adipocytes have also been demonstrated to have higher 

pro-inflammatory cytokines, relative ischaemia, lower secretion of 

adiponectin and higher levels of resistin.32 However, which one of these 

is a primary phenomenon is still being debated. Meanwhile, as insulin 

resistance increases within adipose tissue, the lipogenic potential 

of adipocytes also becomes limited and lipolysis is favoured over 

lipogenesis more and more. Hence, free fatty acids are released into 

circulation, thus, establishing a vicious cycle.28

In a recent study from Scotland and England, diet intervention aimed 

at making people lose weight and evaluating its impact on ‘reversal’ of 

diabetes has been shown to very effective.28,33 Diabetes remission in 

this study was defined as glycated haemoglobin (HbA1c) <6.5% for at 

least 2 months without any anti-diabetic medication. Individuals (n=306), 

aged between 20–65 years, with diabetes of <6 years’ duration and with 

a BMI 27–45  kg/m2 were recruited. Participants were provided with 

approximately 850 Kcal/day in form of meal replacements to start with 

and normal diet was introduced subsequently in a stepped manner. At 

end of 1 year of intervention, 46% of people achieving remission was 

strongly correlated with weight loss. A loss of 15 kg or more resulted 

in remission in 86% of people.33 This study is a significant step towards 

explaining that excess energy availability is causative factor for the 

occurrence of diabetes and restricting calories may actually reverse 

it. Also, the fact that people needed to be on much lower calories 

supports the ‘transgenerational energy karma’ theory.

Classification of obesity into metabolically healthy obesity and 

metabolically unhealthy obesity can also be explained by this hypothesis. 

A person with a higher BMI would still be metabolically healthy until the 

time adipocytes are able to store excess free fatty acids. When capacity 

of adipocytes to store free fatty acids is overwhelmed, metabolic 

abnormalities ensue. As the capacity to store fat is different for each 

individual, it does not confine to the boundaries of BMI.

Adipose tissue not only extracts harmful fatty acid from circulation 

but is also associated with the secretion of soluble tumour necrosis 

factor alpha (TNFa) receptors into the circulation that then bind excessive 

TNFa present in circulation, produced as a result of any chronic disease 

including diabetes.4 An increased lipoprotein concentration in obesity has 

also been proposed to bind and clear endotoxins from circulation.34 These 

explanations, among others, have been suggested to be responsible for 

the increased survival within people with chronic diabetes as a result 

of diabetes itself or independently in association with other chronic 

diseases, such as coronary artery disease, stroke, chronic kidney disease, 

chronic obstructive lung disease and infections.4,34–36

Beta cell dysfunction has also been proposed as a prerequisite for the 

development of diabetes as not all people with obesity eventually 

develop diabetes.37 Beta cell mass is higher in obese people with diabetes 

compared with people with normal weight diabetes.8 As both obese and 

lean people with diabetes have insulin resistance, different beta cell mass 

in these two groups cannot be attributed to insulin resistance directly. 

Other signalling molecules may mediate this beta cell expansion. G-protein 

coupled receptor signalling, as well as increased secretion of hepatocyte 

growth factor, has been proposed as potential links among others.38

Conclusion
Adipose tissue expansion is an active phenomenon at the onset of 

diabetes but seems to confer protection from development of diabetic 

complications as the disease starts to become chronic. Reduced energy 

requirement for cell survival may be the starting point in a self-perpetuating 

cycle of increasing prevalence of obesity and diabetes. In the presence of 

chronic excess of food, the human body tries to store harmful free fatty 

acids in a neutral form (triglycerides) within adipose tissue. 

A differential capacity to store amounts of free fatty acids may be 

responsible for ethnic and individual differences in the relationship 

Figure 2: Relationship of excess energy intake, free fatty 
acid metabolism and insulin resistance 

Genetic predisposition and environmental factors (chronic availability of
excess energy intake and lack of physical activity)
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Excess free fatty acids are released in circulation
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are stored in an inert form in 

adipocytes

These free fatty acids can cause insulin resistance in insulin sensitive tissues
when capacity of adipose tissue to store free fatty acids is overwhelmed 



Review  Obesity

28 EUROPEAN ENDOCRINOLOGY

between adiposity and diabetes. Increase in the amount of fat stored 

in adipocytes alters their metabolism and energy homeostasis. Fewer 

free fatty acids are cleared from circulation and more free fatty acids 

are released into circulation from adipose tissue as its capacity to store 

triglycerides is saturated. Pro-inflammatory cytokines, relative hypoxia, 

lower secretion of adiponectin and increasing insulin resistance within 

adipose tissue may be responsible for a lipolytic shift in adipose tissue. 

Moreover, obesity has been strongly associated with the expansion of 

beta cell mass in rodent as well as human studies.39–43 Other mechanisms 

proposed to explain increased survival in people with higher BMI and 

chronic complications of diabetes include increased secretion of soluble 

TNFa receptors and lipoproteins from adipose tissue. Hence, this 

hypothesis offers an overarching and effective explanation for the noted 

paradoxes of diabetes epidemiology and obesity. 

1.	 Gatineau M, Hancock C, Holman N, et al. Adult obesity and type 
2 diabetes. Oxford: Public Health England, 2014.

2.	 Eckel RJ, Kahn SE, Ferrannini E, et al. Obesity and type 2 diabetes: 
what can be unified and what needs to be individualized? J Clin 
Endocrinol Metab. 2011;96:1654–63.

3.	 Antonopoulos AS, Oikonomou EK, Antoniades C, Tousoulis D. 
From the BMI paradox to the obesity paradox: the obesity-
mortality association in coronary heart disease. Obes Rev. 
2016;17:989–1000.

4.	 Kalantar-Zadeh K, Abbott KC, Salahudeen AK, et al. Survival 
advantages of obesity in dialysis patients. Am J Clin Nutr. 
2005;81:543–54.

5.	 Kwon Y, Kim HJ, Park S, et al. Body mass index-related mortality 
in patients with type 2 diabetes and heterogeneity in obesity 
paradox studies: a dose-response meta-analysis. PLoS ONE. 
2017;12:e0168247. 

6.	 Nguyen NT, Nguyen X-MT, Lane J, Wang P. Relationship between 
obesity and diabetes in a US adult population: findings from the 
National Health and Nutrition Examination Survey, 1999–2006. 
Obesity Surgery. 2011;21:351–5.

7.	 Nanditha A, Ma RCW, Ramachandran A, et al. Diabetes in Asia 
and the Pacific: implications for the global epidemic. Diabetes 
Care. 2016;39:472–85.

8.	 Yoon KH, Lee JH, Kim JW, et al. Epidemic obesity and type 2 
diabetes in Asia. Lancet. 2006;368:1681–8.

9.	 Gujral UP, Pradeepa R, Weber MB, et al. Type 2 diabetes in South 
Asians: similarities and differences with white Caucasian and 
other populations. Ann N Y Acad Sci. 2013;1281:51–63.

10.	 Snehalatha C, Viswanathan V, Ramachandran A. Cutoff Values 
for Normal Anthropometric Variables in Asian Indian Adults. 
Diabetes Care. 2003;26:1380–84.

11.	 Bakker LE, Sleddering MA, Schoones JW, et al. Pathogenesis 
of type 2 diabetes in South Asians. Eur J Endocrinol. 
2013;169:R99–114.

12.	 Banerji MA. Body composition, visceral fat, leptin, and insulin 
resistance in Asian Indian men. J Clin Endocrinol Metab. 
1999;84:137–44.

13.	 Jensen MD. Adipose tissue and fatty acid metabolism in 
humans. J R Soc Med. 2002;95(Suppl. 42):3–7.

14.	 Goel K, Misra A, Vikram NK, et al. Subcutaneous abdominal 
adipose tissue is associated with the metabolic syndrome in 
Asian Indians independent of intra-abdominal and total body 
fat. Heart. 2010;96:579–83.

15.	 Chandalia M, Lin P, Seenivasan T, et al. Insulin resistance 
and body fat distribution in South Asian men compared to 
Caucasian men. PLoS One. 2007;2:e812.

16.	 Delarue J, Magnan C. Free fatty acids and insulin resistance. 
Curr Opin Clin Nutr Metab Care. 2007;10:142–8.

17.	 Aucott LS, Philip S, Avenell A, et al. Scottish Diabetes 
Research Network Epidemiology Group. Patterns of weight 
change after the diagnosis of type 2 diabetes in Scotland 
and their relationship with glycaemic control, mortality and 
cardiovascular outcomes: a retrospective cohort study. 
BMJ Open. 2016;6:e010836.

18.	 Carnethon MR, De Chavez PJ, Biggs ML, et al. Association of 
weight status with mortality in adults with incident diabetes. 
JAMA. 2012;308:581–90.

19.	 Al-Goblan AS, Al-Alfi MA, Khan MZ. Mechanism linking diabetes 
mellitus and obesity. Diabetes Metab Syndr Obes. 2014;7:587–91.

20.	 Woods SC, D’Alessio DA. Central control of body weight 
and appetite. J Clin Endocrinol Metab. 2008;93(11 Suppl. 1):S37–50.

21.	 Samocha-Bonet D, Campbell LV, Viardot A, et al. A family 
history of type 2 diabetes increases risk factors associated 
with overfeeding. Diabetologia. 2010;53:1700–708.

22.	 Heard E, Martienssen RA. Transgenerational epigenetic 
inheritance: myths and mechanisms. Cell. 2014;157:95–109.

23.	 Skinner MK. A new kind of inheritance. Sci Am. 2014;311:44–51.
24.	 Sears B, Perry M. The role of fatty acids in insulin resistance. 

Lipids Health Dis. 2015;14:121.
25.	 Randle PJ, Garland PB, Hales CN, Newsholme EA. The glucose 

fatty-acid cycle its role in insulin sensitivity and the metabolic 
disturbances of diabetes mellitus. Lancet. 1963;281:785–9.

26.	 Roden M, Price TB, Perseghin G, et al. Mechanism of free 
fatty acid-induced insulin resistance in humans. J Clin Invest. 
1996;97:2859–65.

27.	 Boden G. Obesity and free fatty acids (FFA). Endocrinol Metab 
Clin North Am. 2008;37:635–46.

28.	 Luo L, Liu M. Adipose tissue in control of metabolism. 
J Endocrinol. 2016;231:R77–99.

29.	 Sniderman AD, Bhopal R, Prabhakaran D, et al. Why might 
South Asians be so susceptible to central obesity and its 
atherogenic consequences? The adipose tissue overflow 
hypothesis. Int J Epidemiol. 2007;36:220–25.

30.	 Hocking S, Samocha-Bonet D, Milner KL, et al., Adiposity and 
insulin resistance in humans: the role of the different tissue 
and cellular lipid depots. Endocr Rev. 2013;34:463–500.

31.	 Anand SS, Tarnopolsky MA, Rashid S, et al. Adipocyte 
hypertrophy, fatty liver and metabolic risk factors in South 
Asians: the molecular study of health and risk in ethnic groups 
(mol-SHARE). PLoS ONE. 2011;6:e22112.

32.	 Choe SS, Huh JY, Hwang IJ, et al. Adipose tissue remodeling: 
its role in energy metabolism and metabolic disorders. 
Front Endocrinol. 2016;7:30.

33.	 Lean ME, Leslie WS, Barnes AC, et al. Primary care-led weight 
management for remission of type 2 diabetes (DiRECT): an 
open-label, cluster-randomised trial. Lancet. 2018;391:541–51.

34.	 Romero-Corral A, Montori VM, Somers VK, et al. Association of 
bodyweight with total mortality and with cardiovascular events 
in coronary artery disease: a systematic review of cohort 
studies. Lancet. 2006;368:666–78.

35.	 Doehner W, Schenkel J, Anker SD, et al. Overweight and 
obesity are associated with improved survival, functional 
outcome, and stroke recurrence after stroke or transient 
ischaemic attack: observations from the TEMPiS trial. 
Eur Heart J. 2013;34:268–77.

36.	 Glanton CW, Hypolite IO, Hshieh PB, et al. Factors associated 
with improved short term survival in obese end stage renal 
disease patients. Ann Epidemiol. 2003;13:136–43.

37.	 Kahn SE, Cooper ME, Del Prato S. Pathophysiology and 
treatment of type 2 diabetes: perspectives on the past, 
present, and future. Lancet. 2014;383:1068–83.

38.	 Linnemann AK, Baan M, Davis DB. Pancreatic b-cell proliferation 
in obesity. Adv Nutr. 2014;5:278–88. 

39.	 Saisho Y, Butler AE, Manesso E, et al. b-Cell Mass and Turnover 
in Humans: Effects of obesity and aging. Diabetes Care. 
2012;36:111–7.

40.	 Ogilvie RF. The islands of langerhans in 19 cases of obesity.  
J Pathol Bacteriol. 1933;37:473–81.

41.	 Cox AR, Lam CJ, Rankin MM, et al. Extreme obesity induces 
massive beta cell expansion in mice through self-renewal 
and does not alter the beta cell lineage. Diabetologia. 
2016;59:1231–41.

42.	 Rakshit K, Hsu TW, Matveyenko AV. Bmal1 is required for 
beta cell compensatory expansion, survival and metabolic 
adaptation to diet-induced obesity in mice. Diabetologia. 
2016;59:734–43.

43.	 Butler AE, Janson J, Bonner-Weir S, et al. Beta-cell deficit and 
increased beta-cell apoptosis in humans with type 2 diabetes. 
Diabetes. 2003;52:102–10.


