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a b s t r a c t

Background and aims: New methods to estimate body-composition have recently been proposed, but
their relation to diseases, such as diabetes and coronary heart disease, needs further investigation. The
purpose of this study was to investigate the association between proposed prediction of body-
composition (PBC); Relative Fat Mass (RFM), Body Mass Index (BMI), Waist Circumference (WC) and
disease.
Methods: In a cross-sectional cohort (NHANES) the association between the four body measures and
diabetes, high blood pressure, coronary heart disease, cancer, arthritis, and hospitalization were assessed.
A total of 13,348 people was included in this study. Receiver operating characteristic (ROC), Area Under
Curve (AUC) and statistical testing were used to evaluate the differences.
Results: PBC/RFM had significant higher AUC than BMI or WC for diabetes, high blood pressure, hospi-
talization, and arthritis. PBC had a significant higher AUC than RFM, BMI, WC for Cancer and coronary
heart disease.
Conclusions: RFM and PBC could be a better indicator to distinguish amongst people with a risk of
diseases compared to traditional measures such as BMI and WC. However, future studies need to
investigate the longitudinal association between RFM, PBC and the risk of disease development to assess
if these measures are better suited for risk-stratification.
© 2022 The Authors. Published by Elsevier Ltd on behalf of Diabetes India. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Commonly used body metrics such as body mass index (BMI)
and waist circumference (WC) does not sufficiently describe the
association between the fat mass distribution and the lean body
mass and the potential risk of developing diseases [1,2]. Currently,
the gold standard is a dual energy x-ray absorptiometry (DXA) scan,
[3,4]. With DXA scans it is possible to divide fat mass into Subcu-
taneous Adipose Tissue (SAT) and Visceral Adipose Tissue (VAT) [5];
However, DXA scans require a comprehensive set-up and access to
hospital equipment.

Therefore, alternative and simpler methods have been proposed
to measure body fat percentage, fat mass, muscle mass and distri-
bution of fat [6]. Orison et al. proposed equation to estimate the
Relative Fat Mass (RFM), as a measurement of whole-body fat
percentage, and found a better correlationwith DXA scans than BMI
-9220, Aalborg, Denmark.
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[6]. Furthermore, Cichosz et al. proposed a method to predict body
fat, trunk fat and lean mass from anthropometric measurements
[7,8]. The predicted results were highly associated with whole body
DXA scan estimates. However, the accuracy of these alternative
methods to determine the correlation between body composition
and diseases is still unknown.

Therefore, the purpose of this studywas to investigate PBC, RFM,
BMI, WC, and their association to diseases such as type 2 diabetes
(T2D), hypertension, coronary heart disease (CHD), cancer, and
hospitalization.

2. Subjects, materials and methods

2.1. Data material

The study cohort was derived from participants in the cross-
sectional National Health and Nutrition Examination Survey
(NHANES) 1999e2006. The survey included home interviews of
participants followed by physical examinations with additional
laboratory measurements.
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Tabel 1
Characteristics of the participants in the dataset. Presented as mean (standard
deviation) or as percentage of the population.

Characteristics

n 13,348
Males,% 54
Age, yr 47.8 (19.2)
Mexican American 23
Other Hispanic 4
Non-Hispanic White 51
Non-Hispanic Black 19
Other Race - Including Multi-Racial 4
Weight, kilogram 75 (16)
Height, centimeter 168.3 (10.1)
Body mass index, w/h^2 26.4 (4.7)
Diabetes, % 5
High blood pressure, % 19
Hospitalized <1 year, % 11
Cancer, % 8
Coronary heart disease, % 4
Arthritis, % 23
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2.2. Study population

The inclusion criteria for the cohort were people of age
18 � who had anthropometric assessment (body measurements),
answered the demographic questionnaire, a diabetes question-
naire, and a general medical conditions questionnaire. A detailed
description of the NHANES procedure is available online [9]. A total
of 13,348 people was eligible for inclusion in the cohort.

2.3. Predictors

Our data set included four different types of predictors for
classification of disease;

BMI was derived from weight and height of individuals.
WC was measured accordingly to the NHANES procedure. RFM

was calculated from height, WC and sex, based on equation (1)
(sex ¼ 0 for male, sex ¼ 1 for female). Predicted body composi-
tion (PBC) (predicted total lean body mass, total fat mass and fat
mass of the trunk) were based on neural network prediction using
demographic information and anthropometric measurements (age,
sex and ethnicity, height, weight, BMI, upper leg length, maximal
calf circumference, upper arm length, arm circumference, WC,
thigh circumference, triceps skinfold, and subscapular skinfold).
The procedure for calculating the predicted value were published
elsewhere [7].

RFM¼64�
�
20�

�
height
waist

��
þ ð12� sexÞ (1)

Equation 1 e calculation of RFM from height, waist circumference
and sex.

2.4. Outcome

The outcome was the ability of the different predictor types to
distinguish between people with and without diseases. The simple
approaches were compared as BMI and WC to the novel proposed
body estimators from RFM and PBC. Predicted total lean body mass,
total fat mass and fat mass of the trunk required measurement of
several body anthropometrics and were calculated by a computer.
The outcome was assessed by comparison of receiver operating
characteristic Area Under the Curve (AUC) between the simple
predictors and novel predictors. The following diseases was
investigated: diabetes, High blood pressure (HBP), Coronary heart
disease (CHD), Cancer, Arthritis, Hospitalization.

2.5. Statistical analysis and modeling approach

To investigate the potential of PBC (predicted total lean body
mass, total fat mass, and fat mass of the trunk) to discriminate
between people with and without a disease we constructed logistic
regression models. Predicted total lean body mass, total fat mass
and fat mass of the trunk were used as independent variables and
the morbidities were used as dependent variables. The output from
the logistic regression models and the three remaining predictors
(BMI, WC, RMF) were separately used to derive receiver operating
characteristic (ROC) curve and corresponding areal under the curve
(AUC) value for each morbidity.

The dataset was split into 50%/50% for training and testing of the
model's predictors. A cross-validation approach was utilized such
that the 50% of datawere used for training, the remaining 50% were
used for testing and then vice versa. Significance of the difference
between the areas under independent ROC curves were tested
using a Bonferroni corrected significance level of 0.05/number of
tests [10].
2

3. Results

3.1. Cohort and study population characteristics

A total of 13,348 people were included in the study, which
represented the analytic cohort (characteristics: Table 1). The ROC
analysis is presented in Fig. 1.
3.2. Diabetes

A significant difference in AUCwas seen between each method -
between PBC vs. RFM (p ¼ 0.0088), between RFM vs. WC
(p ¼ 0.0112), and WC vs. BMI (p ¼ 0.0019).
3.3. High blood pressure

A significant difference in AUCwas seen between each method -
between PBC & RFM vs. WC (p ¼ 0.0006), and WC vs. BMI
(p < 0.0001).
3.4. Hospitalization

A significant difference in AUC (was seen between PBC vs. RFM
(p ¼ 0.0086), between RFM vs. WC (p ¼ 0.0085), but not between
WC vs. BMI (p ¼ 0.0777).
3.5. Cancer

A significant difference in AUC was seen between PBC vs. RFM
(p < 0.0001), and WC vs. BMI (p < 0.0001).
3.6. Coronary heart disease

A significant difference in AUC was seen between PBC vs. WC
(p ¼ 0.0012), and RFM vs. BMI (p < 0.0001).
3.7. Arthritis

A significant difference in AUCwas seen between each method -
between PBC vs. RFM (p ¼ 0.0002), between RFM vs. WC
(p ¼ 0.0003), and WC vs. BMI (p ¼ 0.0004).



Fig. 1. ROC and AUC for decriminating between disease and no disease using waist circumference (Waist), body mass index (BMI), relativ fat mass (RFM) and predicted body
composition (Pred).
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4. Discussion

This study investigated the association between commonly used
measures of body composition, two newer proposed estimates for
body composition and the association to the risk of certain diseases
and hospitalization. We compared ROC curves and AUC between
the fourmethods to differentiate five diseases and participants who
experienced hospitalizationwithin the last year. A BMI in the range
of overweigh and obesity has been associated with an increased
risk of T2D and CVD [11]. BMI and WC are easy obtainable mea-
surements, however [12,13], their ability to estimate the risk of
developing diseases, is questionable [6,14]. The results from this
study showed that BMI has a poor ability to predict the prevalence
of T2D, high blood pressure and arthritis. Furthermore, the ability
to predict cancer, CHD and hospitalizationwas insignificant (AUC of
0.5 represents the predictive capability at random) [15,16]. The
measurement of WC was superior to differentiate between people
with and without disease. However, the ability was poor for all the
prediction of WC. These findings could indicate that BMI and WC
are poor choices to discriminate disease prevalence without taking
additional risk factors into account.

In general, both PBC and RFM predicted the disease prevalence
better compared with the traditional measurements. In several
cases the PBC approach did also improve the AUC beyond the
improvement from RFM. PBC predicted the prevalence of T2D
with a high AUC and was superior to RFM, WC and BMI.
Furthermore, The PBC approach also predicted the risk of CVD and
cancer. In general, the results from this study indicate that pre-
dicted body composition measurements could be a beneficial tool
to assess the risk of diseases. However, the RFM also added
additional information compared to the traditional measure-
ments. Furthermore, it is simple to use with fewmeasurements, as
height, weight and waist, often are at hand. On the contrary, PBC
requires additional body measurements and a computer program
to calculate the prediction. This could be a hurtle if implemented
in a clinical set-up, as time-consuming procedures might be
deselected.

In general, increasing weight is a proposed increasing problem
in modern countries. Obese people or people with elevated BMI in
the range of overweight are recommended to lose weight to
3

reduce the risk of disease. However, with insight in Risk Factors
and Public health in Denmark developed by the National Board of
Health overweight is far from the leading cause of death [17]. Nor
the leading cause of disease or early death. Other factors as cancer,
smoking, alcohol, loneliness, physical inactivity and poor eating
habits are more pronounced. The reason e overweight itself when
stratified from the above-mentioned causes only contributes to
few causes of death each year. However, identifying the right
people at risk with e.g. elevated SAT or PBC is crucial to avoid
stigmatization of overweight people and unnecessary examina-
tions and weigh loss procedures. A weight loss could be beneficial
in several cases but not only based on an elevated BMI. Both, PBC
or RFM could be new and easier methods to identify this specific
group of people.

4.1. Strengths

Several strengths should be considered in this study. Among
these are aging, which was included in the PBC method. Age is an
important factor when estimating body composition. More people
are getting older, and BMI is an insufficient measurement when
examining the aging population. Studies have found that even
though BMI remains relatively stable during aging, there is an
increase of fat mass with a redistribution of VAT as well as a
decrease of lean mass [18]. Especially, the amount of VAT is
associated with developing of disease, hence the BMI could be
misleading compared to the PBC method, even at more normal
ranged BMI. Furthermore, the PBC method uses neural network
prediction with demographic information and anthropometric
measurements. Whereas DXA scars are limited due to its levels of
radiation (although a small dose), poor availability and it is costly
to operate. Furthermore, different ethnicities were included in the
PBC method. Even though DXA has been used to examine body
composition in recent years, there is still a lack of reference values
in the general population from different countries as body
composition differs between different ethnic groups [19,20].

4.2. Limitations

This cohort used in this study were a wide representative
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sample of people with multiple ethnic origin and people with a
large anthropometric range. However, some limitations should be
addressed. First, a cross-section study does not address the devel-
opment of diseases and how they progress based on body
composition measurements. Several previous studies have shown
an association between BMI and WC and the development of dia-
betes, hypertension and coronary heart disease [21]. A prospective
study design could be a better option, in order to recommend RFM
and predicted body composition as potential better alternatives to
risk stratification of diseases. Secondly, the definition of diseases in
the analyzed cohort was based on self-reported current health-
status. This might include some uncertainty into labeling of peo-
ple with and without diseases and also classifying people into
disease subclasses. E.g. differentiation between people with T1D/
T2D and type of arthritis.

4.3. Conclusion

In general, both PBC and RFM predicted the disease prevalence
better comparedwith the traditional measurements (BMI,WC). The
results from this study indicate that predicted body composition
measurements could be a beneficial tool to assess the risk of dis-
eases when DXA scan is not available. However, future studies need
to investigate the longitudinal association between RFM, PBC and
disease development to assess if these measurements are better
suited for risk-stratification.
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