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Replacing body massindex withrelative
fat mass to accurately estimate adiposity
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R Check for updates

Body massindex (BMI), asits name indicates,
isamarker of total body massand nota
specific marker of adipose tissue mass. Here,
we positionrelative fat mass (RFM) as an
ideal alternative to BMI by highlighting the
superior performance of RFM in assessing
cardiometabolicrisk.

Body mass index (BMI) was first described 193 years ago in 1832 as
‘Quetelet’s equation’ by the Belgian mathematician, Adolphe Quetelet.
He observed thatinthe ‘average’ man, weight was a function of height,
and that with increasing height, weight divided by height squared
(W/H? was more stable than weight divided by height (W/H) or weight
divided by height cubed (W/H?). Quetelet’s equation was renamed to
BMIin a seminal article published in 1972 (ref. 1), which also provided
evidence to support the use of the equation for estimating adiposity.
Interestingly, although this article positioned Quetelet’s equation as
apractical anthropometric index for estimating adiposity in popula-
tionstudies, rather thanrenamingit ‘body adiposity index’ or ‘body fat
index’, the authors chose to use the term ‘body mass index’.

Indeed, BMlisavery good estimator of totalbody mass. Its primary
limitation, nevertheless, liesin determining the ratio of adipose tissue
to muscle tissue, as BMI is unable to distinguish adipose tissue mass
from muscle mass. Forinstance, elite athletesin several sports, includ-
ing bodybuilding, are lean individuals but can often have aBMlin the
‘overweight’ range (between 25 and 30 kg/m?) or even in the ‘obese’
range (that is, above 30 kg/m?). Also, even if BMI does not change
with increasing age, body composition changes substantially and
muscle mass tends to decrease, whereas adipose tissue mass tends
to increase”. Another often overlooked limitation is that BMI was
exclusively developed on the basis of data from male individuals'.

Still, BMI continues to be the most widely used parameter to clas-
sify overweight and obesity in both female individuals and maleindivid-
uals. The particular successin the application of BMImight stem from
its easy-to-remember categories. Humans easily recognize multiples of
fiveand ten, and progressive BMI categories (in their simplest form) are
indeed multiples of five. ABMI of 20-25 kg/m?is considered within the
normal range, 25-30 kg/m?is considered overweight, 30-35 kg/m?is
categorized as obesity class1,35-40 kg/m?is considered obesity class|I
and aBMI>40 kg/m?is categorized as obesity class II.

Although BMI categories are easy to remember, BMI does not
accurately reflect adipose tissue mass. This factis reflected inthe 2022
consensus statement by the Obesity Committee collaboration?®, which
states that BMI is a measure used to screen for obesity that neither
defines the disease nor replaces clinicaljudgement. Asacorollary, BMI
also fails to accurately reflect adipose tissue distribution. It is known

that increased abdominal adiposity is more strongly associated with
the risk of developing cardiovascular disease than increased overall
adiposity. Anthropometric indices such as waist circumference and
waist-to-hip ratio reflectabdominal adipose tissue accumulation more
accurately than BMI, but remarkably, none of them are being routinely
usedinclinical practice, including for enrolmentin clinical trials. This
lack of routine use might be because the cut-off points defining abdom-
inal obesity on the basis of these anthropometric metrices are highly
variable. Forinstance, the recommended waist circumference cut-off
points for defining abdominal obesity are 94 cm in European men
and 80 cm in European women, whereas they are 88-90 cm in South
American men and 83-84 cm in South American women®. In some
studies, abdominal obesity is defined as a waist circumference 2102 cm
in men and =88 cm in women’. Similarly, the WHO-recommended
cut-off points based on waist-to-hip ratio are >0.90 for men and >0.85
for women, whereas the cut-off points from the US Department of
Agriculture and the US Department of Healthand Human Services are
>0.95 for men and >0.80 for women.

Relative fat mass as a practical and intuitive measure

of obesity

To overcome these practical limitations, an intuitive sex-specific
anthropometric measure of obesity, relative fat mass (RFM), was
developed in 2018 using data from the National Health and Nutrition
Examination Survey®. RFM was calculated from height and waist circum-
ference with the following formula, where sex =0 for male individuals
and sex =1for female individuals.

height
waist circumference

RFM=64—[20>< j+ (12 x sex)

In this seminal study, RFM correlated better with dual-energy X-ray
absorptiometry-based measurements of whole-body adipose tissue
percentage than BMI did and strongly correlated with trunk adipose
tissue levels. These results were validated by other groups using the
National Health and Nutrition Examination Survey data as well as in
other cohorts’.

In this context, we would like to emphasize that sex-specific RFM
values might also bear clinical relevance, as physiologically, adipose
tissue percentage differs between sexes, and female individuals, on
average, have a higher adipose tissue percentage than male individuals.
Inline with this observation, the average RFMis around 35% inwomen
and around 25% in men, which corresponds with physiology more
than any other anthropometric measure of adiposity. Proposed RFM
cut-offs to diagnose obesity are approximately 40%in women and 30%
in men®. As these ranges are also multiples of five, they could be easy
for clinicians and patients to remember.

Besides the advantages mentioned earlier in this section, RFM has
also emerged as a strong predictor of cardiometabolic disease risk in
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the general population’. InSupplementary Table 1, we summarize key
studies highlighting the superiority and consistency of RFM in pre-
dicting cardiometabolic disease and mortality risk. Of note, in astudy
conductedin patients with heart failure'’, waist-to-length ratio (WLR)
was chosen “as an exemplar of indices notincorporating weight” asthe
authors reasoned that WLR was easier to calculate than other param-
eters derived from waist circumference and length, such as RFM. Our
argument for including the more intuitive RFM (rather than WLR) in
clinical practiceis that healthcare professionals seldom calculate WLR
(or BMI) mentally or by hand. For instance, abody weight of 76 kgina
173-cm-tall male individual with a waist circumference of 91 cm does
not automatically translate to WLR or BMIin a clinician’s (or reader’s)
mind. The information on weight, height and waist circumference is
likely to be converted to WLR or BMI using an online tool. This being the
case, calculating RFM as such should not be considered alimitation, as
thetime and effort needed to calculate RFM using an online calculator
would be similar to that needed to calculate BMI or WLR.
Inconclusion, RFMis an easy-to-calculate and intuitive measure of
adiposetissue mass anddistribution thatis designed tomore accurately
reflect physiological sex-based differencesinbody adiposity percent-
age.Obesityisincreasingly being recognized asaserious threat toglobal
health, and adequate methods of adipose tissue estimation will facili-
tateidentification of patients at risk and those who might benefit from
anti-obesity therapies. On the basis of emerging evidence in the field
of cardiology, we propose using RFM either as a stand-alone metric for
estimating cardiometabolic disease risk, or in combination with BMI
foramorerealistic and personalized classification of excess adiposity
in female individuals and male individuals. We realize that change in
clinical medicineis oftentimes slow, but we believe that after 193 years,
we areready to refine our anthropometric estimation of adiposity.
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Table 1. Key studies highlighting the value of RFM in predicting cardiometabolic disease and mortality risk

COHORT / TRIAL

PRIMARY OUTCOME

COMMENTS

General Population
. PREVEND Study

. LifeLines Study

. Rotterdam Study

Incident type-2 diabetes

Relative fat mass (RFM) was an excellent predictor of incident
type-2 diabetes in the general population, and performed better
than body mass index (BMI), waist circumference (WC) and
waist-to-hip ratio (WHR).1

General Population
. Lookup 7+ Study

Prevalent hypertension, diabetes and
hyperlipidaemia

RFM was an excellent predictor of hypertension and diabetes in
elderly individuals, and generally performed better than BMI.2

General Population
e PREVEND Study

Incident heart failure (HF)

RFM was an excellent predictor of incident HF in the general
population, and performed better than BMI, WC and WHR.3

General Population
. LifeLines Study

Incident cardiovascular disease (CVD)

RFM was the most consistent predictor of incident CVD and its
subtypes in the general population.?

General Population
e PREVEND Study

All-cause mortality

RFM was a stronger predictor of mortality than BMI, and its
usage showed no evidence supporting the “obesity-survival

paradox” in the general population.®

Heart Failure Population
e PARADIGM-HF

CVD mortality + HF hospitalization

The usage of waist-to-length ratio and RFM showed no evidence
supporting the “obesity-survival paradox” in a population with
reduced ejection fraction HF.6

Heart Failure Population
e TOPCAT

All-cause mortality + HF hospitalization

The usage of RFM and other novel obesity indices showed no
evidence supporting the “obesity-survival paradox” in a
population with HF and preserved ejection fraction.”

Abbreviations: PREVEND, Prevention of Renal and Vascular End-stage Disease; PARADIGM-HF, Prospective comparison of ARNI (Angiotensin Receptor-Neprilysin
Inhibitor) with ACEI (Angiotensin-Converting-Enzyme Inhibitor) to Determine Impact on Global Mortality and morbidity in Heart Failure; TOPCAT, Treatment of

Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist.
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