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What We Know, Think We Know, or Are Starting to Know
That the conversation around health, diet, and chronic disease risk has been dominated by a 

“weight-centric” view is beyond doubt, and public health efforts almost singularly focus on 
weight as a deterministic factor in long-term risk of cardio-metabolic disease (1,2). 

There have been questions raised over whether this approach can be considered evidence-
based (3), given the lack of evidence for efficacy in obesity-focused public health messages (4,5), 
the evidence for short-term negative effects resulting from weight stigma (6), and for long-term 
adverse outcomes associated with internalised weight bias (7,8). 

But – and there is always a ‘but’ – this research area has generated a fraught dialogue over the 
role of weight as a factor in health status, and staunch advocates of a “weight-normative” 
paradigm are prone to argue that adiposity poses no additional risk independent of other 
factors (9). Factors such as cardiorespiratory fitness and engaging in health promoting 
behaviours have been suggested to negate any difference in risk between individuals in body 
mass index [BMI] categories of ‘overweight’ [BMI 25-29.9] or ‘obese’ [BMI >30] and ‘normal’ 
weight individuals [BMI 18.5-24.9] (10).

A particular focus within these comparison between weight status and health has been 
metabolic health, with evidence that individuals in ‘overweight’ and ‘obese’ BMI categories 
may exhibit cardio-metabolic risk factors, like blood cholesterol and triglycerides, blood 
pressure, or insulin sensitivity, that are within normal reference ranges (10).

This concept, known by the awkward terms ‘metabolically healthy overweight’ or 
‘metabolically healthy obesity’, has, however, been muddled with operational definitions* 

and there is currently no consensus as to what constitutes ‘metabolic health’ in this context. 
Rather than use pre-defined criteria, the present study sought to derive an empirical definition 
from an analysis of mortality risk across BMI categories and investigate that definition in a 
cohort study.
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*Geek Box: Defining ‘Metabolically Healthy’ in BMI Categories
The primary definition of ‘metabolically healthy overweight/obesity’ [MHO] used to date has utilised 
the criteria for Metabolic Syndrome [MetS]. The criteria for MetS include: waist circumference 
of ≥88cm for women or ≥102cm for men; triglycerides of ≥150mg/dL or on drug treatment 
for elevated triglycerides; HDL <50mg/dL for women or <40mg/dL for men; blood pressure 
≥130/85mmHg systolic/diastolic; fasting plasma glucose ≥100mg/dL or on drug treatment for 
elevated glucose levels. To be defined as having MetS, an individual is required to present with 3 
or more of these criteria. Researchers to date have defined MHO as having <3, or sometimes <2 
of these. However, there is a clear problem with defining metabolic health in this way, because 
having just one or two of these may be sufficient to relate to long-term disease risk, e.g., elevated 
fasting plasma glucose levels or blood pressure may predict progression to type-2 diabetes or 
cardiovascular disease, respectively. Other researchers have focused specifically on risk factors 
like insulin resistance, using measures like HOMA-IR, which is calculated from fasting glucose 
and fasting insulin levels. However, this defines ‘metabolic health’ in very narrow terms, as it 
excludes the critical and interactive relationship between lipids and metabolic health. There is 
also a very strict definition, which would be defined as having none of the MetS criteria and 
additionally having a total cholesterol level of <240mg/dL [6.2mmol/L]. One important concept 
to note here is that all these definitions are a priori, meaning they are decided on before a study 
and then used in the analysis. However, it may be more useful to conduct an empirical analysis 
of risk factors across different BMI categories to determine definitions for metabolic health as 
they relate to specific health outcomes. A key point here is that many of the studies that purport 
to classify participants as MHO are not, in fact, often studying healthy participants. 

The Study 

The researchers used the Third National Diet and Nutrition Examination Survey [NHANES-
III] from the US to investigate risk factors associated with mortality among individuals with 
obesity, to derive a new definition of metabolic health. 

To derive these new criteria, individuals were divided into three BMI categories: normal 
[18.5-24.9], overweight [25-29.9] and obese [>30]. Data on blood pressure, blood lipids and 
cholesterol, blood glucose, anthropometric measures [e.g., waist circumference], and other 
markers like C-reactive protein [inflammation] and insulin sensitivity were investigated.

The study also compared the new definition against previously used definitions for metabolic 
health, including:

 • <2 of the MetS criteria present

 • HOMA-IR <2.5 [indicating no insulin resistance]

 • None of the MetS criteria present and total cholesterol <240mg/dL [6.2mmol/L]

Using the new definition, they investigated associations with cardiovascular disease [CVD] 
mortality and total mortality using the NHANES-III data and in the UK Biobank cohort.
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Results: The final sample included 12,341 participants from NHANES-III and 374,079 
participants from UK Biobank. Average age of the participants were 41yrs and 56yrs in the 
NHANES-III and Biobank, respectively, and average BMI of 27.2 and 27.4 in NHANES-III and 
Biobank, respectively. NHANES-III was comprised of 50.7% female, while Biobank was 55.1% 
female. 

Risk Factors for CVD and Total Mortality: 

In the NHANES-III data, waist circumference, waist-to-hip ratio [WHR], systolic blood pressure, 
insulin sensitivity index, current blood pressure lowering medications, and existing type-2 
diabetes [T2D], were all significantly associated with CVD mortality. 

BMI, fasting glucose, and C-reactive protein were additionally associated with total mortality [in 
addition to the risk factors for CVD, although systolic blood pressure [SBP] was no associated 
with total mortality]. 

These risk factors were then analysed further to refine their predictive value, from which the 
following criteria were derived:

 • SBP <130mmHg and no use of BP-lowering medications;

 • WHR <0.95 for women and <1.0 for men;

 • No existing T2D.

To be deemed ‘metabolically healthy’, participants had to meet all these criteria. Based on 
this criteria, 41.2% of participants with obesity [BMI >30] from NHANES-III and 19.3% from 
Biobank were classed as metabolically healthy [MH]

Associations Between MH & CVD Mortality: 

Using the MH definition, compared to metabolically healthy normal weight [MHNW] 
participants, neither MH overweight [MHOW] or MH obesity [MHO] were associated with 
increased CVD risk. 

Metabolically unhealthy overweight [MUHOW] and metabolically unhealthy obesity [MUHO] 
were associated with a 97% [HR 1.97, 95% CI 1.60 – 2.41] and 176% [HR 2.76, 95% CI 2.25 – 
3.40] higher risk, respectively, of CVD mortality according to this MH definition. 

Metabolically unhealthy normal weight [MUHNW] participants were associated with a 96% 
[HR 1.96, 95% CI 1.58 – 2.43] higher risk of CVD mortality.
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Figure from the paper illustrating the associations between the MH criteria and CVD 
mortality in the NHANES-III [blue dots] and UK Biobank [orange dots]. For example, 

‘MHNW’ stands for ‘metabolically healthy normal weight’ while ‘MUHO’ stands for 
‘metabolically unhealthy obesity’. Thus, from left-to-right is metabolically healthy vs. 

unhealthy normal weight, overweight, and obesity, respectively. As you can see, the overall 
risk estimates were relatively similar across categories, but overall, the estimates from UK 

Biobank were lower. In some categories, there were differences. For example, metabolically 
healthy obesity was associated with a lower risk in NHANES-III and higher risk in UK 

Biobank, neither of which were statistically significant.

Associations Between MH & Total Mortality: Compared to MHNW, there were no associations 
between MHOW and MHO and total mortality. Conversely, MUHNW was associated with a 13% 
[HR 1.13, 95% CI 1.05 – 1.21] higher risk, and MUHO with a 24% [HR 1.24, 95% CI 1.16 – 1.32] 
higher risk. MUHOW was not associated with higher risk of total mortality overall.
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Figure from the paper illustrating the associations between the MH criteria and CVD 
mortality in the NHANES-III [blue dots] and UK Biobank [orange dots]. The associations 
with total mortality were lower mostly than for CVD, and similarly, the estimates from the 

UK Biobank were lower than those from NHANES-III.

The Critical Breakdown
Pros: This study gets props for being the first to attempt to derive a definition of ‘metabolically 
healthy obesity’ through an empirical analysis of data, rather than use arbitrary pre-defined 
criteria. The application of the criteria derived from NHANES-III data was validated in the UK 
Biobank cohort, showing application in different [albeit similar] populations. The sample 
was huge, particularly for the UK Biobank cohort. Both NHANES-III and Biobank were well 
matched for sex, with 50:50 and 55:45 female-to-male in NHANES-III and Biobank, respectively. 
The analysis adjusted for factors like socio-economic status and education level, which was 
important given that both were associated with BMI >30.

Cons: The lipid markers examined in the NHANES-III data, from which the definition of 
metabolic health was derived, excluded LDL-cholesterol, and included triglycerides, HDL, and 
total cholesterol. Triglycerides are not independently associated with risk, once non-HDL-C [i.e., 
LDL-C and other atherogenic lipoproteins, like small VLDL] is adjusted for (11). HDL remains an 
enigma, although certainly in observational research higher appears preferable (11). Given this 
analysis was attempting to define risk factors associated with increased risk, a measure like non-
HDL-C or LDL-C would have been valuable. Like previous definitions, the one derived from the 
analysis in the present study might be missing a big part of the risk equation. The authors do note 
that ethnicity may relate to adipose tissue distribution, and the risk factors from predominantly 
White participants in the cohorts in the present study may not be generalisable to other ethnic 
groups.
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Key Characteristic
The key characteristic of the study is its key contribution to the literature, moving this research 
area from pre-defined criteria of metabolic health associated with BMI to attempting to distil 
risk factors into a composite criterion which may best explain risk at a given category of BMI. 
By systematically analysing risk factors for their predictive utility on CVD and total morality, 
the researchers were able to distil a set of criteria that characterised metabolic health as it 
related to CVD and total mortality.

However, open questions relating to this definition remain. Let’s take an example of two 
individuals of the same ethnicity and socio-economic status with a BMI of 32, both of whom 
meet each of these criteria and are thus classified as MH. However, one has an LDL-C of 
4.1mmol/L [160mg/dL] and the other an LDL-C of 2.7mmol/L [105mg/dL]. Which one would 
be predicted to have a higher risk of CVD over time? Clearly the one with higher LDL-C. This has 
important implications for associations with mortality outcomes. 

This study is a laudable effort, but it should be taken to mean that the criteria identified here 
should be treated as some ‘gold standard’ for categorising metabolic health at any BMI 
category. In this regard, it is important to note that when comparing the predictive utility of 
the new definition to other criteria to define MH, the results for CVD mortality were similar.

Interesting Finding
One of main arguments against associations between bodyweight and adverse health 
outcomes has centred on the use of BMI. However, much of these arguments are grounded 
in what may be considered a grey area for risk assessed by BMI, broadly in a range of BMI 
27-35, depending on different factors [e.g., sex] (12). In the present study, the main analysis 
defined ‘obese’ as anything over BMI 30. However, this may be insensitive to different BMI 
categorisations of obesity. 

The present study conducted a subgroup analysis of the associations with CVD and total 
mortality separating BMI by Class 1 obesity [BMI 30 to <35], Class 2 [BMI 35 to <40] and Class 
3 [BMI >40]. This analysis showed that neither metabolically healthy Class 1 or Class 2 were 
associated with increased total mortality risk, however, metabolically healthy Class 3 obesity 
was still associated with a 5-fold higher risk for CVD mortality. Thus, there may be limits to how 
far this concept of metabolically healthy obese can extend. 
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Relevance
Overall, individuals defined as metabolically unhealthy were at increased risk for CVD and total 
mortality across the range of BMI categories examined in the present study. These associations 
were significantly stronger for CVD than for total mortality.

This study suggests that at a current point in time, individuals in higher BMI categories do 
not present with higher mortality risk when characterised as metabolically healthy, according 
to the criteria determined in the present study. It is important to bear in mind that this is a 
snapshot of risk, not a reflecting of changing risk factors over time. This is important because 
there is more evidence that ‘metabolically healthy obesity’ is a transient state, shifting to 
increased risk over time, than there is evidence that it holds constant (13–15). 

Per our example under Key Characteristic, above, it is also possible that other criteria may 
add to the predictive definitions of metabolic health at a given BMI category. The main point 
here is that, while the effort in this analysis is laudable, it is also still a first step in this direction, 
and it may yet be improved or modified. 

Figure from (15) illustrating the risk of CVD over 30yrs in the Nurses Health Study. This 
illustrates the point that even when a definition of ‘metabolic health’ status was maintained 

over time, it was still associated with a 34% higher risk in participants with obesity, 
compared to stable metabolic health in normal weight participants.

One finding that does deserve comment is that there was overall relative similarity with the 
other definitions of MH and risk associated with metabolic healthy status at overweight and 
obese BMI categories. This does, at least, confirm that irrespective of how MH has been defined 
to date, within a range of BMI from 25–35 it is consistently associated with lower risk according 
to a range of cardio-metabolic risk factors. However, the key point from studies like the Nurses 
Health Study, above, is that this may not hold over time. 
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Application to Practice
One aspect that both sides of the debate agree on: an emphasis on health-promoting 
behaviours may be more empowering, and effective, at improving health status and reducing 
risk at any category of BMI (10,16). Behaviour-oriented goals [“10k steps”] may generally be 
more efficacious than outcome-oriented goals [“lose weight”] (17). Clearly, health goes beyond 
weight status alone. But for how long that association may extend is questionable, so more 
prospective data would be welcome to further determine the associations between metabolic 
health status at higher BMI categories and health outcomes.
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