Metabolically healthy obesity:  Is it really healthy? 
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The inter-relationship between obesity, metabolic syndrome type 2 diabetes (T2D) and cardiovascular disease (CVD) is well established. However, while obesity and metabolic disorders (including dyslipidaemia, hypertension and type 2 diabetes) cluster, with both considered as major risk factors for cardiovascular disease (CVD), it is well recognised that there is considerable inter-individual heterogeneity in the risk of developing obesity-associated complications. Considering obesity as “an abnormal or excessive fat accumulation that presents a risk to health”, the concept of ‘metabolically healthy’ obesity (MHO) has been developed to describe people living with obesity who are free of these cardiometabolic abnormalities, occupying a different position on the obesity complications spectrum. Conversely, there is a recognition that individuals of normal weight may have an increased risk of cardiometabolic complications, termed metabolically unhealthy normal weight. This generates a conceptual model of different obesity (and normal weight) phenotypes, with contrasting baseline metabolic health profiles, which may/may not confer different risk profiles for incident type 2 diabetes, non-alcoholic fatty liver disease, CVD (including coronary artery disease, heart failure and atrial fibrillation) and malignancy. 
Biologically, these disparate phenotypes relate to differences in adipose tissue function (greater buffering capacity of excess energy by subcutaneous adipose tissue in MHO) and fat distribution (greater subcutaneous fat relative to visceral fat and lower levels of liver fat in MHO), with secondary effects on insulin resistance, inflammation, oxidative stress etc.  Many other factors contribute including differences in dietary intake, physical activity and sedentary behaviour patterns. 
Importantly, there is currently no consensus definition of what constitutes MHO, with >30 different definitions used to define these phenotypes1. This inevitably influences the reported prevalence of these phenotypes and conclusions regarding risks of outcomes drawn from these analyses. More recently, a harmonised definition of MHO has been proposed based on risk of CV and total mortality, developed using data from NHANES-III and validated with UK Biobank data2. 
Perhaps not surprisingly, epidemiological studies examining CVD outcomes in these cohorts have produced conflicting results and differing conclusions. If we examine CVD as a composite (endpoints relating to coronary heart disease and heart failure), the evidence suggests that although CV risk in people with MHO is less than that observed in those with metabolically unhealthy obesity, their risk is still substantial, compared with those who are of normal weight, and metabolically healthy3. This is supported by the results of a systematic review highlighting the increased long-term CV risk of obesity even without metabolic abnormalities4.
We have previously attempted to provide mechanistic insight into the epidemiological evidence around MHO and CVD. We examined body composition (by MRI), metabolic and cardiovascular health (using ECHO and brachial ultrasound) of different obesity phenotypes and demonstrated that metabolic health, rather than obesity, influences cardiac structure, myocardial and endothelial function5,6. Consistent with the degree of endothelial and myocardial dysfunction being correlated with the number of components of metabolic syndrome, Caleyachetty et al noted CVD risk increased with increasing number of metabolic abnormalities3 implicating metabolic health as an important contributor. 
Commodore-Mensah et al, performed an analysis of 9,477 adults in the Atherosclerosis Risk in Communities (ARIC) study. Individuals were phenotyped according to their metabolic status (defined by <2 vs. ≥2 components of metabolic syndrome) as metabolically healthy or unhealthy and according to their body mass index (BMI) as normal weight, overweight or obese (BMI <25, 25 to <30 or >30 kg/m2). There were 6 mutually exclusive phenotypes: metabolically healthy normal weight, overweight or obese and metabolically unhealthy normal weight, overweight or obese.  In their prospective analysis, individuals were followed up from baseline (in 1990-1992) over a median of 27 years. The primary composite outcome of incident CVD was higher in those with the metabolically healthy obese phenotype (after adjustment): hazard ratio (HR) 1.38 (95% CI 1.15-1.67) in comparison to individuals with the metabolically healthy normal weight phenotype.  The risk was intermediate between those of metabolically healthy normal weight (reference group) and metabolically unhealthy obese (HR 2.14, [1.88-2.44] vs. reference group). Furthermore, the excess risk was examined separately for coronary heart disease (CHD) and heart failure (HF): People with MHO had higher HF risk (HR 1.65, 95% CI 1.30-2.09) in comparison with metabolically healthy normal weight, but the association was not significant for CHD (HR 1.34, 95% CI 0.98-1.82) (Figure 1). Furthermore, in a cross-sectional analysis the MHO phenotype (and other obesity phenotype groups) were more likely to have elevated highly sensitive troponin T (hsTnT) concemtrations, suggestive of subclinical myocardial damage7. A divergent CV risk of obesity on heart failure and CHD outcomes have been reproduced elsewhere8: in the HUNT study, the risk of myocardial infarction was related to metabolic health rather than weight status, whereas the risk of heart failure related mostly to obesity. The impact of obesity on HF risk most likely reflects the haemodynamic effects of increased adipose tissue mass with increased total blood volume, stroke volume, cardiac output and cardiac work leading to significant (biventricular) changes in cardiac morphology and ventricular function. The same haemodynamic, structural and functional abnormalities may underlie the increased risk of AF with obesity, even when metabolically healthy. 
It has been discussed that MHO individuals are afforded some protection from the development of T2D and CVD, and thus a risk-stratified approach to weight management may be adopted. However, aside from the inherent CV risks of MHO described, the term MHO has generated significant controversy, considering the transient existence of preserved metabolic health, as serial metabolic assessments suggest many people will subsequently develop metabolic complications. This is exemplified in the Multi-Ethnic Study of Atherosclerosis (MESA) where ~50% participants with MHO at baseline, developed metabolic abnormalities over a ~12-year follow-up 9. This striking observation strengthens the argument for weight loss intervention in this cohort with a focus on weight maintenance/loss and preservation of metabolic health.
The metabolically healthy obesity state should not be considered benign or healthy, thus not requiring treatment. Analogous to the recent subclassification of type 2 diabetes, recognising the distinct underlying pathophysiology and clinical outcomes of each subtype10, obesity maybe viewed similarly as a disease with inherent biological heterogeneity and significant phenotypic variation in its causes and consequences. Additional considerations beyond measurement of BMI, such as components of metabolic health, will enable improved risk stratification and a more personalised approach, but this and other studies remind us that obesity, even with preserved metabolic health, represents an important risk factor for heart failure, atrial fibrillation and many other complications. Poor metabolic health acts synergistically with increased body weight on multiple health outcomes. Efforts must made to support use of appropriate interventions, including improved diets, increased physical activity and weight management to optimise metabolic health at a population level and in individuals living with overweight/obesity to prevent these significant long-term complications. 
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Figure 1 Obesity phenotypes: Metabolically Healthy Obesity increases the risk of a composite of incident CVD (A). This increased risk was not driven by an increased risk of coronary artery disease (B) but mainly by an increased risk of heart failure (C). Data adapted from 7
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