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ABSTRACT

Anthropometry has been used to assess health and nutrition status and is considered a simple,
universally applicable, and low-cost method. The body mass index (BMI) is the
anthropometric indicator most used in studies and clinical practice. However, there are
limitations regarding its use. Thus, this review aimed to evaluate the use of BMI as a risk
predictor for metabolic dysfunction-associated steatotic liver disease (MASLD). The selected
articles were published in PubMed (National Library of Medicine) between July 2014 to July
2024, and we also included a manual search of reference articles in English. While BMI is
commonly employed in diagnosing obesity, few studies have established it as an independent
predictor for MASLD, the primary risk factor being. Assessing other anthropometric
indicators as risk predictors for MASLD is significant because they effectively evaluate body
fat distribution and muscle mass. The limitations of using only BMI in MASLD are evident,
particularly in patients with eutrophic BMI, commonly referred to as thin, where body

composition becomes crucial. Therefore, a deeper understanding of the role of
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anthropometric measurements is essential for assessing the risk and prognosis of MASLD

development.

Keywords: body mass index, steatotic liver disease associated with metabolic dysfunction,

MASLD, body composition.

INTRODUCTION

The body mass index (BMI) has been adopted by the World Health Organization (WHO) and
is used universally to define individuals as underweight, normal weight, overweight and
obese. However, this classification has its limitations. The diverse range of body
morphologies and physical biotypes around the world presents a challenge for anthropometry,
as attempts to impose a universal standard based on a reference population that does not fully

represent the global population!!.

BMI has also been used in clinical practice for screening cardiometabolic diseases and
metabolic dysfunction-associated steatotic liver disease (MASLD). While being overweight
plays a significant role in the initial stages and progression of fatty liver disease, other factors
such as fat distribution, adipose tissue functionality, and insulin resistance are crucial in the
development of this metabolic disorder(?!. Therefore, understanding the role of excess weight
in the pathophysiology and prognosis of MASLD necessitates identifying body indicators

that more accurately predict obesity!*!.

This scientific literature review aimed to evaluate the utility of BMI as a risk predictor for

MASLD.

LITERATURE REVIEW
The PubMed database (National Library of Medicine) was used to search for scientific
articles. The “OR” and “AND” connectors were combined with the descriptors “body mass

index”, “anthropometry”, and “non-alcoholic fatty liver disease”. Articles of interest listed in

the references through the manual search were also identified and examined.

Observational studies published in the last ten years (July 2014 to July 2024) were included

in the database without language restriction and full-text availability. Review studies and

DOI: 10.20517/scierxiv202408.0409.v1 https://www.scierxiv.com/



https://www.scierxiv.com/

= = B A

studies that did not meet the eligibility criteria were excluded.

After reading the title and abstract, the articles were selected for reading in full, and the main
information, such as authors, year of publication, the place where the study was carried out,
characteristics of the population, and anthropometric indicators were extracted for further
analysis. A total of 129 articles were selected, of which six evaluated anthropometric

parameters as a prognosis for MASLD.

Body Mass Index in the MASLD History

Despite the controversies in the natural history of hepatic steatosis, pathogenesis has been
better understood throughout the 20th century. Ludwig et al., in 1980, based on a case series
of predominantly female patients with obesity and diabetes, characterized steatohepatitis,

which was then included in the MASLD spectrum in 19861451,

Thus, obesity has always been a condition frequently associated with MASLD, with the
prevalence described by several studies ranging from 30% to 100%, and with an increased
risk of 4.6 for obese people who are those determined to have a BMI of at least 30 kg/m?°l,
Based on the combination of several risk factors, both genetic and environmental, the
physiopathogenesis of MASLD has been described, reinforcing the stigma of the relationship

with excess weightl’],

Currently, obesity remains the most common and documented risk factor for MASLD, as it is
a disease that affects about 20%-30% of the general population and presents an exponential
growth parallel to the global obesity epidemic!®. In a systematic review with meta-analysis,
the prevalence of MASLD in the overweight population was 69.5% (95% CI 65.40-74.21 I =
99.10%) and 75.3% (95% CI 70.90-79.18; I> = 98.50%) in the obese!”..

The dose-response relationship between MASLD and BMI has a 3.5 times greater risk of
developing MASLD in obese patients, and this risk increases by approximately a 1.2 per unit

increment in BMI!,

Body Mass Index as a MASLD predictor
One of the main characteristics of patients with MASLD is high BMI, and increased BMI
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appears to be a risk factor for liver fibrosis!!!'2l. However, few studies have related BMI as an
independent predictor for MASLDI!3-15], Studies conducted in Chinal'3l (OR 8.494, 95% CI
5.58 to 12.92) and Asial'* (OR 1.09, 95% CI: 0.98-1.23) found that the higher the BMI, the
greater the risk of developing MASLD. In a study in Israel!], the risk of MASLD was
correlated with an increase in BMI. However, after multivariate analysis, this association was

not maintained (OR: 2.2; 95% CI: 0.9 - 5, p=0.07) [Table 1].
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Table 1. Anthropometric indicators as metabolic dysfunction-associated steatotic liver disease predictor

Author Country/Ye N  Method used to assess Anthropometric MASLD diagnosis Main results
ar body composition indicators classification
Hu, etal China, 2018 1,47 BMI Obesity > 28 kg/m? Abdominal USG, BMI (OR 8.494, 95% CI
9 exclusion of other 5.581- 12.928; P<0.001)

liver diseases or liver independent MASLD
biopsy and alcohol predictor
consumption, use of
steatogenic drugs

Kim, et  Asia, 2014 2,30 BMI Non-obese < 25 kg/m? Abdominal USG, MASLD prevalence:

al 7 Obese > 25 kg/m? exclusion of other - Non-obese group: 22.4%

liver diseases or liver - Obese group: 60.9%
biopsy and alcohol BMI was an independent
consumption, use of MASLD risk factor (OR 1.09,
steatogenic drugs CI 95% 0.98-1.23)

Zelber-S  Israel, 2006 352 BMI, WC, WHR BMI Abdominal USG, The chances of MASLD

agi, et al Normal weight < 25 exclusion of other increased with increasing

kg/m? liver diseases or liver BML
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Atri, etal  India, 2020

Overweight 25 < 30 biopsy and alcohol For overweight (OR 3.3; CI

kg/m?
Obesity > 30 kg/m?

WC (abdominal obesity)
Women >88cm

Men > 102 cm

106 BMI, WC, WHR, Overweight > 23 kg/m?
WHtR Obesity > 25 kg/m*

consumption, use of 95% 1.6-6.8), obesity (OR

steatogenic drugs

Abdominal USG,
exclusion of other
liver diseases or liver
biopsy and alcohol

consumption, use of

14.0, CI 95% 6.4-30.7),
abdominal obesity (OR 5.5;
CI95% 3.3-9.1).

Abdominal  obesity  was
considered an independent
risk factor for MASLD in the
multivariate analysis (OR 2.9;
95% CI 1.3-6.4; p=0.007),
while BMI did not show a
statistically significant
association (OR 2.2; 95% CI:
0.9-5, p=0.07).

WC (AUC 0.69, 95% CI
0.572-0.810, p=0.003) WHR
(AUC 0.7, 95% CI
0.598-0.831, p=0.001) WHR
(AUC 063, 95% CI
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steatogenic drugs 0.572-0.810, p=0.003) were
better  predictors as a

screening tool for MASLD

Zeng, et  China, 2020 2,71 BMI, WC, WHR, BMI Abdominal USG, 40.5% with MASLD
al. 5 WHitR Obesity > 25 kg/m? exclusion of other Prevalence of MASLD:
Overweight 23 - 25 liver diseases or liver - 61.7% in the obese group
kg/m? biopsy and alcohol - 39.1% in the overweight
Lean < 23 kg/m? consumption group

- 21.4% in the lean group

WC (normal) - 17.5% in the lean group with
Women < 80 cm normal WC
Men <90 cm WHtR was associated with

MASLD in lean patients with
normal WC (OR: 4.275; 95%
CI: 2.242-5.167; P = 0.003)
and represents a risk factor for
this population (OR: 3.934;
95% CI. 2.543-5.854; P =
0.004)
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Almeida, Brazil, 2021 107 BMI, WC, WHtR, C  Was not specified Abdominal USG, MASLD individuals adopted
et al Index, LAP exclusion of other higher values of BMI, WC, C
liver diseases or liver index, LAP, and WHtR
biopsy and alcohol (p<0.05) when compared to

consumption, use of those without the disease.

steatogenic drugs

BMI: body mass index; CC: waist circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio;, MASLD: non-alcoholic fatty liver disease; USG:
ultrasonography; OR: odds ratio; FLI: fatty liver index; AUC: area under the curve; CI: conicity index, LAP: lipid accumulation product.
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MASLD also develops in eutrophic patients, called lean patients, which has stimulated the
need to understand the role of BMI in this liver disease since these individuals have normal
BMI61L A systematic review with meta-analysis estimated a prevalence of 11.2% of
eutrophic patients with MASLD in the general population. However, more than 50% of the

included studies were in the Asian population!!”],

As the highest prevalence of MASLD occurs in patients who are overweight and obese,
tracking this disease in lean patients is a major challenge in clinical practice. A
meta-analysis!'®] that evaluated the risk factors for MASLD in 22 studies with lean patients
(BMI <25 kg/m?) identified that lean MASLD patients had higher BMI (MD 1.40 kg/m?, 95%
CI 0.63-2.18) and waist circumference (WC) (MD 5.39 cm, CI 95% 4.58-6.20) that
individuals without the disease. Meta-analyses have shown that MASLD in lean and non-lean

individuals are anthropometrically different but metabolically similar(!®!°],

Regarding the definition of thin patients with MASLD, a recent position of the American
Gastroenterological Association (AGA) recommends that thin patients with MASLD should
be considered those with BMI < 25 kg/m? for non-Asians and < 23 kg/m? for Asians,

recognizing that different populations may present metabolic risk with a lower BMI2,

However, this definition requires some considerations about the terminology used to classify
BMI in the MASLD. A eutrophic person is different from a person with low weight (thinness),
and the cutoff points considered for BMI in the MASLD encompass both groups, eutrophic
and thin. Another point under discussion is that a eutrophic person can have a BMI close to
the upper limit of normality but with an accumulation of visceral fat, which differs from a
lower BMI. Thus, the most coherent would be to use the term without excess weight to
encompass the entire cutoff point established by BMI, eutrophy, and thinness, thus reducing

possible discrepancies in the interpretations of BMI classifications.

With these limitations, it is once again evident that interpreting BMI values defined only by
the cutoff point can be misleading since BMI is an imperfect index of body adiposity!l.
Using other parameters to assess the body composition of these patients may be a more

assertive alternative.
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Differences in body composition in MASLD in both sexes

Body composition differs between men and women regarding muscle mass and fat
distribution. Women generally have a lower muscle mass reserve and more body fat than
men!?? (Karastergiou et al. 2012). Additionally, women tend to store fat in subcutaneous and
femoral regions, whereas men store more fat in abdominal and visceral regions?* (Lumish et
al. 2020). Women undergo hormonal changes, particularly estrogen, which declines after

menopause, promoting increased fat deposition in the visceral region®! (Lovejoy et al.

2008).

This difference between genders is also reflected in the prevalence of MASLD, which is
lower in women of reproductive age but starts to increase in postmenopausal women,

approaching or even exceeding the prevalence of MASLD in men!?’! (DiStefano et al. 2020).

When assessing body composition between men and women with MASLD, indicators such
as WC, WHR, and WHtR gain prominence over the isolated use of BMI. WC demonstrated
significantly better predictive performance for MASLD than BMI, suggesting that abdominal
obesity might be a more accurate and important predictor for hepatic steatosis than excess
weight measured by BMI?®! (Pang ef al. 2023). Men tend to have higher fat-free mass and
appendicular muscle mass, while premenopausal women have a higher percentage of body fat
and visceral fat!?” (Cao et al. 2023). It is noteworthy that WHtR appears to be higher among
women and is also a predictive indicator for MASLD!?%2°1 (Mansour-Ganaei et al. 2018;

Arefhosseini ef al. 2024) [Table 2].

Other studies have shown that, regardless of gender, the progression of MASLD is associated
with a high percentage of fat, suggesting that the pathophysiology of MASLD may be more
dependent on fat accumulation than on muscle mass loss!**! (Miyake et al. 2021). Conversely,

individuals with a good muscle mass reserve and lower fat levels are at reduced risk for

MASLDBY (Xu et al. 2024).

DOI: 10.20517/scierxiv202408.0409.v1 10 https://www.scierxiv.com/



https://www.scierxiv.com/

4

A

Table 2. Difference between body composition and gender in individuals with metabolic dysfunction-associated steatotic liver disease

predictor
Author Country/year N Male Female
Mansour-Ganaei, Ira, 2018 960 IWC, WHR, WHtr when compared to TWC, WHR, WHtr, when compared to
et al. (M: 62.2% / F: females (p<0.001) males (p<0.001)
37.8%)
EUA, 2023
Peng, et al. 809
(M: 47.43% / F: TyG-WC: higher AUC TyG-WHtR: higher AUC
52.57%) (0.900, IC95%: 0.867 — 0.927) (0.845, IC95%: 0.806 — 0.979)
China, 2023 TyG-WC: statistically different from TyG-WC: statistically different from WC
Cao, et al. WC and BMI (p<0.05) (p<0.05)
880
Ira, 2024
Arethosseinti, et TWC, 1ASMI, |FFM/FM: associated 1PBF, 1VFA, 1FM: associated with the
al. 238 with the most severe degree of steatosis most severe degree of steatosis (p<0.001)
(M: 62.2% / F: (p<0.001) There was no difference regarding BMI
37.8%) There was no difference regarding BMI  (p=1.000)

(p=1.000)
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TWC (p=0.001) e 1 WHR (p<0.001) 1BMI (p=0.015) e tWHIR (p<0.001)

M: male; F: female; WC: waist circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio; TyG: triglyceride and glucose index;
AUC: area under the curve; BMI: body mass index; ASMI: fat free mass index; FFM/FM: ratio of fat-free mass and fat mass; PBF: visceral fat

percentage; VFA: visceral fat area; FM: fat mass.
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Limitations in using BMI as a Predictor for MASLD

Even though BMI is widely used to diagnose obesity, this application has been
questioned. Weight represents the total body mass, so high weight means overweight
and not necessarily obesity, which is considered a disease by the international
classification of diseases (ICD E66). A parameter alone cannot diagnose a disease, and
this also applies to the diagnosis of obesity. Therefore, not all patients above the BMI
limit can be considered “sick”, and not all patients below this BMI are free from health
problems. Even so, BMI is an important screening tool for cardiometabolic diseases,
but it needs other anthropometric, biochemical, clinical, and imaging indicators to

define the diagnosis of obesity3?,

In an attempt to expand the criteria for the diagnosis of obesity, the consensus of the
Brazilian Society of Endocrinology and Metabolism (SBEM) and the Brazilian Society
for the Study of Obesity and Metabolic Syndrome (ABESO), aimed at adults between
18 and 65 years old and BMI between 30 and 50 kg/m?, considers the history of the
maximum weight already achieved as an indicator for the diagnosis of obesity.
Understanding what BMI represents in people's health is still challenging in clinical
practice. There are limitations in different demographic, sociocultural, economic, and

ethnic-racial contextst3].

One of the limitations regarding using BMI is the recommended cutoff point. The
National Institutes of Health (NIH) and WHO use BMI classifications for white,
Hispanic, and black individuals. However, the cutoffs underestimate the risk of obesity
in Asian and South Asian populations, so these populations adapted the cutpoints for

their usel*4.

Another limitation that must be considered is the use of BMI for the elderly population.
Body composition is an aspect that changes with aging, and therefore the reference

values for interpretation are not the same as those used for the adult population. When
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28 < BMI < 30 Kg/m? indicates overweight according to the Pan American Health
Organization (PAHO, 2003) or BMI > 27 Kg/m? considering excess weight as proposed
by the Nutrition Screening Initiative (NSI)[3336371 Tt seems that a better state of health
in the elderly is related to a higher range of BMIB®. In the MASLD, elderly patients
seem to have a lower BMI when compared to non-elderly patients, but the cutoff point

for this population has not been defined”.

Other Anthropometric Indicators at MASLD

WC is a relatively simple measure and provides information about the accumulation of
abdominal fat, which cannot be identified only using BMI“%. Patients with an
accumulation of fat in the abdominal region, also called central or visceral adiposity,

are at greater risk for cardiometabolic diseases, and MASLD is one of them[#0-431,

Studies that evaluated the use of WC as a predictor for MASLD demonstrated that
abdominal obesity is a risk factor and a prognostic indicator for MASLD [15,43,44]
[Table 1]. Thus, BMI and WC have been recommended to assess risk factors and
prognosis in these patients*>#6l. However, in patients with very high BMI, WC
measurements are less useful to identify whether excess abdominal fat is due to
abdominal, subcutaneous, or visceral fat, and the high inter-individual and

intra-individual variability in measuring WCl46-43],

A recently published consensus on the use of WC in clinical practice noted that
although the prevalence of obesity according to BMI has stabilized in some countries,
the prevalence of abdominal obesity is increasing. This result demonstrates that it is
necessary to be careful when assessing obesity considering only BMI, recommending
the assessment of WC and BMI as risk indicators for cardiometabolic diseases!*°],

Other anthropometric indicators have been studied as risk predictors for MASLD,
among which stand out the waist-to-height ratio (WHR), waist-to-hip ratio (WHR),

conicity index (C Index), and lipid accumulation product (LAP). All these
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anthropometric indicators can be used as screening tools and predictors for
MASLDM™#, In lean MASLD patients, WHtR was better associated with MASLD
than WCI*! [Table 1].

However, although these anthropometric parameters, such as LAP and C-index, are
effective, their use in clinical practice may be limited since serum triglyceride levels
and complex formulas are required. On the other hand, the BMI, WC, and WHtR are

easy to perform, being more applicable!*.

Another indicator that has been gaining prominence for the body assessment of
MASLD individuals is muscle mass (MM) reserve. There seems to be a connection
between the liver, adipose tissue, and muscle through the expression of insulin
receptors, favoring protein catabolism, resulting in MM depletion and, consequently,
sarcopenia, in which sarcopenic patients seem to present an approximately 1.5 times

greater risk for MASLDBYL,

In a study carried out with 56 MASLD individuals in Brazil, 62.5% of the patients had
MM depletion, and BMI, WHtR, and WC values were higher in the group with MM
depletion when compared to the group without depletion!®!]. In another cross-sectional
study with 157 Japanese MASLD patients, the authors observed that fibrosis in the
MASLD was associated with a higher index of fat mass than of MM, with the results
remaining significant after adjustments for possible confounding factors. It is essential
to consider that the body composition of the Japanese differs between races, and it is

impossible to generalize these results to other races!'?!,

Thus, it is important to consider that in addition to excess weight at the expense of body
fat and visceral fat accumulation as predictors for MASLD, another indicator that
should be highlighted is the depletion or low reserve of muscle mass®2331, Some studies

have observed that MM depletion affects the severity of liver disease, with the
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worsening of fibrosis regardless of obesity!>*%l, Therefore, increased skeletal muscle
mass over time may be a protective factor for developing MASLD and help resolve the

existing diseasel’”! [Figure 1].

BMI 2 25 Kg/m? BMI < 25 Kg/m?

Visceral adipocity Body fat distribution Muscle mass reserve Adipose tissue
Waist circumference (WC) Waist-to-height Waist-to-hip ratio Bioimpedance or Bioimpedance or sum of
— ratio (WHR) (WHR) Corrected Arm Muscle the four skinfolds (bicipital,
Man: = 9. cm (high nisk), 2102 Area (AMBc) tricipital, subscapular and
with (very high risk) Men > 1.0 and suprailiac)
Women: > 80 cm (high risk); = 88 Women > 0.85
cm (very high risk) android or central
(WHO, 1988 buti
( ) Up1005 Mdlst: 1uomn ]
(Roriz et al., 2014) an =150
Women < 0.85
gynoid or peripheral
distribution
(Cuppari, 2012)

Figure 1. Other anthropometric markers as risk predictors for IMASLD.

CONCLUSION

Despite its widespread use in clinical practice, the BMI has several limitations, ranging
from the cutoff points used and its application for diagnosing and prognosticating
diseases. When used alone, BMI may not effectively screen for MASLD. Therefore,
additional studies are needed to evaluate combined anthropometric indicators and their
potential effectiveness as risk predictors for MASLD when associated with clinical

indicators.
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