Assessment of fat mass and fat-free mass in Portuguese youth and adults: calibration of bioelectrical impedance with dual-energy x-ray absorptiometry
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Abstract
Background/Objective: Bioelectrical impedance analysis (BIA) is more commonly employed in outpatient evaluations and epidemiological studies. While it may not be considered a gold standard method, its significant cost advantage compared to other methods is a notable benefit. So, we aimed to compare fat mass (FM) and fat-free mass (FFM) estimated by BIA and by dual-energy x-ray absorptiometry (DXA), in Portuguese youth, and to calibrate BIA estimates. Subjects/Methods: We analysed data from two population-based cohorts: EPIPorto (n=392; <65y) and EPITeen (n=974; 27y). Both completed single-frequency BIA (Tanita TBF-300) and DXA (QDR 4500A Hologic). Agreement between BIA and DXA (FM/FFM) was evaluated by Bland and Altman. To calibrate the BIA estimates, the coefficients were estimated by linear regression using univariate (FM or FFM, separately) and multivariate models (FM and FFM in the same model). 
Results: The correlation between BIA and DXA was high for FFM and for FM (FFM: r=0.954/r=0.965; FM: r=0.939/r=0.940, for EPIPorto and EPITeen, respectively). However, BIA underestimated FM and overestimated FFM. Using the multivariate constrained model to have an absolute equal intercept for FFM and FM, the following calibration equations for BIA measurements were obtained for EPITeen: FFMcalibrated = -6.621 + 0.984 x FFMBIA; FMcalibrated = +6.620 + 0.974 x FMBIA; and for EPIPorto: FFMcalibrated = -4.089 + 0.998 x FFMBIA; FMcalibrated = +4.089 + 0.970 x FMBIA. 
Conclusion: FM assessed by BIA was largely underestimated and FFM overestimated, in comparison to DXA, and therefore the calibration should be applied to BIA estimates in clinical settings and research studies.


Introduction
The evaluation of body composition (BC) is important in research studies as well as in clinical settings to guide the best clinical interventions. The quantity and distribution of the main body tissues are influenced by genetic and environmental factors, in addition to particularities specific to gender and age groups[1, 2]. The main body tissues can be quantified through different methods, and disorders involving fat accumulation or typified by loss of muscle mass (MM) are detected through BC assessment techniques[3]. 
Although imaging (magnetic resonance/computed tomography) are considered the gold standard methods[4], BC can be evaluated by bioelectric impedance analysis (BIA) and double X-ray absorptiometry (DXA)[5-8]. DXA has been validated as a reference standard (but not a gold standard) for BC assessment[9]. However, cost and availability make DXA use in clinical settings and in epidemiological studies difficult[7, 8, 10]. BIA is faster, cheaper and widely accessible alternative[11], despite requiring data from specific ethnic prediction equations for the estimation of fat mas (FM) and fat free mass (FFM)[7, 12].
A systematic review summarized nine predictive equations of lean mass (LM) by BIA obtained in adults, and the results showed great heterogeneity both in relation to the BIA brand and the reference method used[13]. Sarcopenic elements exist even in very young populations[14], and all of these studies confirmed that the LM are more accurate for the populations from which they were derived[4, 15-19]. Additionally, a large amount of adiposity limits the accuracy of BC methods[20]. Regarding FM, a study with obese Swedish women showed that a multifrequency BIA (Tanita) underestimated FM, compared with magnetic resonance (MR), and were imprecise and biased[21]. Another study showed that BIA compared with DXA underestimated FM in 70 overweight and obese postpartum in the Sweden, despite it detected mean changes in BC, although with large limits of agreement[22].
Muscle mass can be analyzed in several ways: a) fat-free mass (FFM) that encompasses bone, organic tissue, water and skeletal muscle; b) lean mass (LM) which is the total weight minus fat mass and bone tissue and c) skeletal muscle mass (SMM) which involves only dry muscle weight and is normally calculated segmentally. As the SMM is the main component of the LM and the FFM, these terms are often used interchangeably[23].
BIA is more likely to be used in outpatient evaluations than DXA and ESPEN/EASO supports that BC can be assessed from BIA as an alternative to DXA[24]. Furthermore, absence of studies in the Portuguese population and evaluate these data in different population groups justifies this study, and as literature shows that it is from the third decade of life that MM reduction begins [25], it is relevant to assess whether there are significant differences in the BC estimation of adults, including age groups below and above 30 years. Therefore, our study aimed to calibrate FM and FFM estimated by BIA, in comparison to DXA, in the youth and adults from two Portuguese population-based cohorts.

Subjects and Methods
Study design and participants	
We analysed data from two prospective population-based cohorts in Porto, Portugal – EPIPorto and EPITeen. EPIPorto aimed to assess the health determinants of the adult population, who were randomly selected among the city’s inhabitants. In the baseline evaluation (1999-2003), 2.485 participants (18-92y) were recruited and a physical exam was performed[26]. An additional assessment of body composition by DXA was performed in a subsample of 417 participants (<65y) between April/2010 and June/2011[8, 27, 28], whose selection was random and weighted for the sex and age distribution of the Porto population. 
	The Epidemiological Health Investigation of Teenagers in Porto (EPITeen) recruited 13-year-old adolescents who were born in 1990 and were enrolled at schools of Porto in the 2003/2004 [29]. At baseline, 2.159 adolescents were recruited, and at 17 years 783 new participants were integrated in the cohort, so the entire cohort included 2.942 participants.   We analysed data from the evaluation at 27 years, since it included the BC evaluated through BIA and DXA. 
The EPIPorto and EPITeen study protocols were approved by the Ethics Committee of São João University Hospital and the Ethics Committee of the Institute of Public Health of the University of Porto. The studies complied with the Helsinki Declaration principles, and all participants provided their written informed consent.
Anthropometrics and Body composition analysis
	At EPIPorto, in the subsample in 2010/2011, weight and height were obtained with the individual wearing light clothes and barefoot. Height measured in centimeters, recorded to the tenth, was assessed using a portable stadiometer (Seca Deutschland, Hamburg, Germany). Weight was measured in kilograms, rounded to the nearest tenth, using the BIA digital scale, which also allows for the assessment of BC (Tanita TBF-300, Tanita Corporation of America, Illinois, USA – SF). BC was also assessed by DXA (Hologic Discovery QDR® 4500 W Series, Inc., Bedford, MA, calibration by Hologic DXA Quality Control Phantom simulator, serial #24089). All participants underwent a whole-body scan in the morning and remained in metal-free underwear or disposable gowns. Whole-body scans were performed with the subject in the supine position, with the hands in the prone position and the feet in internal rotation. All scans were analysed with the APEX 3.1 software. The DXA was calibrated daily, by one trained technician, using the spine phantom supplied by the manufacturer. In the EPITeen, anthropometrics and BC (BIA and DXA) at 27 years were assessed using standardized procedures, similar to those used in EPIPorto. 
	For this study, data from 392 individuals from EPIPorto were used, after excluding 19 who did not have DXA data, 3 because were not fasting and 3 for having objects in the body like screws and metal plates. In the EPITeen, 1111 individuals performed both DXA and BIA at 27 years, but 109 were excluded because they weren’t fasting; 28 for having objects in the body or other conditions that could interfere with the devices. Therefore, we analysed data from 974 participants.
Statistical analysis
Descriptive statistics were presented as mean and standard deviation (SD) for age, anthropometric measurements (height, weight, body mass index - BMI) and for BC components estimated by BIA and by DXA, according to the sex.
Pearson’s correlation was used to evaluated the correlations of FM and FFM obtained by BIA and DXA, and Bland and Altman analysis to assess the agreement between these methods, plotting the difference between the values against their mean[30]. This analysis allows for the calculation of bias (estimated by the mean differences), the 95% confidence interval for the bias, and the limits of agreement (two standard deviations of the difference) [30].
Inverse linear regression models[31] were used to calibrate FM and FFM estimated by BIA, separately for EPIPorto and EPITeen. Two approaches were used: a) univariate models - one model included FFM only and another FM, one with an estimated slope, and the other with an offset slope of 1; b) multivariate models - including both FM and FFM in the same model, and calculations were made considering a constrained intercept where the absolute value was the same for FFM and FM (constrained), and also allowing a different intercept for FFM and FM (not constrained). The goodness of fit of the models was assessed by the coefficient of determination (R2), and for the comparison of the models without and with covariates (sex, age and height) - supplementary analysis - the Root Mean Square Error (RMSE) was also estimated. The R2 and RMSE from the different models were compared to assess the assess the overfitting, using a 5-crossvalidation (repeated 10 times). 
 All statistical analyses were performed using the R language and software environment for statistical computation (version 4.3.0, R Foundation for Statistical Computing, Austria) and statistical significance was set at 0.05.

Results
EPIPorto participants were on average 49.2y (SD 10.6), women were shorter and lighter than men, and despite the mean BMI was similar between sexes, women presented higher FM amount according to both BIA and DXA. Participants from EPITeen were on average 27.2y (SD 0.4), males presented higher height and BMI, and lower FM in comparison to women (Table 1). 
	FM and FFM estimated from the two methods were strongly correlated in EPIPorto and EPITeen, respectively: FFM, r=0.954/r=0.965; FM: r=0.939/r=0.940.  The Bland and Altman plots for the comparison of the methods are shown in Figures 1 and 2, and the inverse linear regression models are presented in Tables 2 and 3. In EPIPorto participants (Figure 1), lower DXA FFM values ​​were found compared to BIA, with a bias of -4.161 kg (limits of agreement -10.096 to 1.774), and an overestimation of DXA FM, with a bias of 3.484 kg (limits of agreement -2.445 to 9.412). 
In the EPITeen cohort (Figure 2), there were also lower DXA FFM values ​​compared to BIA, with a bias of -7.474 kg (limits of agreement -12.889 to -2.062) and overestimation of FM from DXA, with a bias of 6.209 kg (limits of agreement 0.715 to 11.704), in relation to the BIA method. The Bland and Altman plots for the crude data correspond to the univariate regression models (model 1) in Tables 2 and 3, which analysed FFM and FM separately, and considering an offset slope of 1, this is, assuming that the bias was constant across all the range of FFM and FM values, and was estimated using the intercept value. 
	 In the multivariate model not constrained (Model 2, Tables 2 and 3), the intercepts of FFM and FM are allowed to be different from each other. For EPIPorto (Table 2), when including both the FFM and FM in the model (Model 2), DXA underestimated FFM by -0.427 kg (95% CI -1.939; 1.086) and overestimated FM by a higher amount [5.897 kg (95% CI 5.174; 6.621)]. From the multivariate model constrained to have an absolute equal intercept for FFM and FM, the DXA underestimated FFM and overestimated FM by the same absolute amount of 4.089 kg, and applying an additional correction for the slope (Model 3). From this model, the following calibration equations for FFM and FM, in the EPIPorto can be applied so that the estimates from BIA are compatible with those evaluated by DXA: FFMcalibrated = -4.089 + 0.998 x FFMBIA and FMcalibrated = +4.089 + 0.970 x FMBIA. In EPITeen, it would be necessary to reduce 6.621 kg in the FFM obtained in the BIA and increase 6.621 kg in the FM from BIA so that the values ​​are calibrated in relation to the data of the reference method used in the cohort (Table 3, Model 3). The calibration equations in EPITeen are: FFMcalibrated = -6.621 + 0.984 x FFMBIA; FMcalibrated = 6.621 + 0.974 x FMBIA. 	
	We also repeated the analysis including additional covariates in the models (sex, height and age - Supplementary table 1). For each cohort and each measure (FM/FFM), the best model with different covariates and interaction terms were chosen. The goodness of fit with and without covariates was very similar, and the proportion of variance in the dependent values explained by the independent variables (R2) changed less than 1% in all models. Therefore, we maintained the models without covariates as the main analysis in the manuscript. 

Discussion
	We compared BIA and DXA to assess FM and FFM in two Portuguese population-based cohorts. Although correlations between FM and FFM estimated by BIA and DXA were strong, BIA underestimated FM and overestimated FFM, in comparison to DXA. We therefore estimated and present equations that allow the calibration of FM and FFM measured by BIA, both in younger and older cohorts. 
	While in our study, the correlations of FM and FFM were above 0.9, other studies found high correlations for LM but lower to moderate correlations for FM[32, 33]. The estimation of adiposity seems less precise with an underestimation of fatness from BIA, compared with DXA, with increasing disagreement among methods when the degree of obesity increases[20, 32, 33]. 
	Some studies showed that single-frequency BIA is valid to estimate BC while others found that it overestimates the LM[17, 34, 35], as we found. For BIA, the electrical conduction of the body is mainly determined by water compartments. FM and FFM are most often evaluated assuming a fixed hydration for FFM, but individual differences can occur[11, 36]. SF devices are good analysing extracellular water only, and this can be improved by performing segmental analysis. However, whole body would have marginally better resistivity results than limb measurements[11, 20].
	In addition to the type of bioimpedance frequency, the number of parameters used in linear regressions matters. A systematic review assessed equation models to estimate MM with BIA against a reference method[13]. The authors included nine studies in adults (4 with SF-BIA), which seven of them presented R2 below 0.90 for FFM[13]. One study found a R2>0.9 for LM (SF-BIA) and they used more parameters (age, sex, height, resistance and reactance) than the others. In our study, without additional variables, R2 was already high, and the additional inclusion of the variables sex, age and height did not change the quality of the adjustment of the models. 
	Regarding the amount of FM, in general studies show an underestimation from BIA. A study of 168 volunteers from Finland (37-81y) estimated the percentage of FM using DXA (GE Lunar Prodigy) and two BIA devices (InBody 720; Tanita BC 418, MA)[37, 38]. BIA methods provided systematically lower values for FM (>12%) than DXA and higher FFM (~8%)[37]. Similarly, we also found in EPIPorto cohort that BIA underestimates FM by 14.4%, and overestimates FFM by 8.7%. Also in Finland, six projects evaluated the BC of 882 adults[38]. Compared to DXA, also larger FFM (2.9kg/1.6 kg) and lower FM (3.1kg/2.6 kg) were estimated by BIA in both women and men, respectively. Differences between the methods were evident across all ages, and BIA provided different BC estimates throughout the adult age span. The estimates of LM and FM showed that the difference between the methods was smaller in older adults[38]. We found similar results, with the overestimation of FFM and underestimation of FM in EPITeen (~27.2y) being higher than that found in EPIPorto (~49.2y).
	Our Portuguese cohorts showed that at younger age (EPITeen), the percentages of FM were lower, in relation to the older adults (EPIPorto), and the discrepancy between DXA and BIA data was greater when the data are evaluated using bioimpedance. Age mainly affects variations in reactance and phase angle (smaller values in older adults)[39], which suggests a worsening in BC estimation with aging. Nevertheless, these bodily changes may appear earlier in life and are not exclusive to the elderly, hence the decision to also analyse the cohort with a lower average age[4, 8].
 	Regarding FFM, slightly higher values were observed in adults under 30y compared to adults closer to 50y only when evaluated by BIA. Fat free mass estimated by DXA was similar in the younger and older cohorts. Previous studies have shown that peak levels of MM are reached in around 40y, and are higher in men than in women[40]. Furthermore, it is only beyond at 50y that loss of leg muscle mass (1–2% per year) has been reported[4]. For those aged between 30 and 50y, the published changes in MM are still small and perhaps this is why our study was unable to identify them. Kyle et al also assessed BC according to age, but the cutoff used was higher than our study[41]. The younger group (<55y) had a lower BMI and greater FFM than the older group (>55y)[41]. That is the older participants were already within the age group most likely to have reduced MM than the participants in our cohort (~49.2y). Therefore, even expecting EPIPorto participants to have lower mean levels of FFM compared to EPITeen participants, we know that aging is not the only factor contributing to changes in the BC. While genetic and lifestyle factors can hasten muscle weakening, interventions including nutrition and exercise seem to slow or reverse these processes. 
	Furthermore, in our study, in order for the data provided by the BIA to be compatible with the data found in the DXA, we estimated calibration equations. The bias from BIA was higher in the younger cohort, and therefore the calibration is of higher magnitude. In the EPIPorto cohort it is necessary to reduce FFM and increase FM provided by the BIA by an amount of 4.089 kg, in addition to the correction of slope, so that the data are compatible with the data found in the DXA, while in EPITeen the amount rose to 6.621 kg. In the National Health and Nutrition Examination Survey (NHANES), which assessed BC in a nationally representative sample between 19-82y in the USA, the authors recommend that the estimates of FFM and FM provided by DXA needs to be calibrated at 5% of the value found (mean age 55y SD15)[42]. In our study, the calibration was of 8.7% in EPIPorto, which sample presents a closer mean age to the NHANES sample, and higher (16.4%) in EPITeen, the younger sample. Therefore, it is important that DXA is performed on more than one group and only then can the data be extrapolated to the general population. The application of the calibration equations will allow to use the BC data provided by BIA in the Portuguese population in a more reliable way, making assessments in clinical settings more feasible. And as BIA prediction models are most relevant to the populations in which they have been derived, discrepancies between those populations should be considered in the clinic [4].
However, even though these data have internal validity, they are likely to be of limited value when applied to other populations. Even so, the study will allow BIA data to be used in Portuguese adult subjects when it is not possible to obtain DXA measurements. Other limitations of the present study also need to be acknowledged. Although we used standardized DXA, we do not know from which population the predictive equations of FM and FFM provided by the BIA were derived. Therefore, the calibration here proposed should be preferably used for FM and FFM estimation from BIA devices similar to the one used in this study. Furthermore, the population nature of the study sample lends some support to external validity and our data were restricted to adults under 65 years of age who, a priori, are less impacted by the natural body composition changes of aging.

Conclusion
The present study validated the BC data collected by the BIA to predict FM and FFM in the Portuguese population. FM assessed by BIA was largely underestimated and FFM overestimated, in comparison to DXA. Therefore, the calibration should be applied to BIA estimates in clinical settings and research studies.



Data Availability 
The data sets analysed in the current study are not publicly available due to the data confidentiality requirements, but can be sought from the corresponding author on reasonable request. 
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	Table 1: Age, anthropometric and body composition characteristics of EPIPorto participants (sub-sample evaluated in 2010/2011) and EPITeen participants (evaluation in 2017/2018)

	
	
	EPIPorto, subsample 2010/2011
	

	
	
	Total
n=392
	Females
n=205
	Males
n=187
	

	
	
	Mean (SD)
	P-value

	Age 
	Years
	49.2 (10.6)
	48.6 (10.6)
	49.9 (10.6)
	0.260

	Height
	Cm
	164.9 (9.2)
	158.5 (5.8)
	171.9 (6.9)
	<0.001

	BIA

	Weight 
	Kg
	71.7 (14.4)
	65.9 (12.2)
	78.1 (14.0)
	<0.001

	BMI 
	Kg/m2
	26.3 (4.5)
	26.3 (4.9)
	26.4 (4.0)
	0.860

	Fat Mass 
	Kg
	20.7 (8.8)
	22.7 (9.0)
	18.5 (8.1)
	<0.001

	Fat Free Mass 
	Kg
	51.0 (10.1)
	43.2 (4.1)
	59.6 (7.3)
	<0.001

	DXA
	
	
	
	
	

	Weight 
	Kg
	71.1 (14.1)
	65.4 (11.9)
	77.4 (13.7)
	<0.001

	BMI 
	Kg/m2
	26.1 (4.4)
	26.1 (4.8)
	26.1 (4.0)
	0.910

	Fat Mass 
	Kg
	24.2 (8.3)
	25.7 (8.5)
	22.7 (7.8)
	<0.001

	Fat Free Mass 
	Kg
	46.9 (9.8)
	39.7 (5.1)
	54.7 (7.4)
	<0.001

	
	
	EPITeen, 2017/2018
	

	
	
	Total
n=974
	Females
n=490
	Males
n=484
	

	
	
	Mean (SD)
	P-value

	Age
	Years
	27.2 (0.4)
	27.2 (0.4)
	27.2 (0.4)
	0.980

	Height
	Cm
	169.0 (9.4)
	162.1 (6.1)
	175.9 (6.7)
	<0.001

	BIA
	
	
	
	
	

	Weight
	Kg
	68.1 (14.0)
	60.7 (11.0)
	75.7 (12.7)
	<0.001

	BMI
	Kg/m2
	23.8 (4.1)
	23.1 (4.2)
	24.4 (3.8)
	<0.001

	Fat Mass
	Kg
	15.6 (7.8)
	17.1 (7.9)
	14.1 (7.4)
	<0.001

	Fat Free Mass
	Kg
	52.5 (10.5)
	43.6 (3.7)
	61.6 (6.6)
	<0.001

	DXA
	
	
	
	
	

	Weight
	Kg
	66.9 (13.7)
	59.5 (10.8)
	74.3 (12.4)
	<0.001

	BMI
	Kg/m2
	23.3 (4.0)
	22.7 (4.1)
	24.0 (3.8)
	<0.001

	Fat Mass
	Kg
	21.8 (8.2)
	23.3 (8.1)
	20.4 (8.1)
	<0.001

	Fat Free Mass
	Kg
	45.1 (10.5)
	36.3 (4.3)
	53.9 (6.8)
	<0.001


BIA: bioelectrical impedance analysis; BMI: body mass index; DXA: dual-energy x-ray absorptiometry; SD: standard deviation; n=number
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Figure 1: Bland-Altman analysis plots for the comparison of Fat-Free Mass (FFM) and Fat Mass (FM) from Bioelectric Impedance Analysis (BIA) with Dual X-Ray Absorptiometry (DXA) in EPIPorto.	Comment by Microsoft: Qual a política da revista em relação a figuras a cores? Necessário pagar?	Comment by Fernanda Bezerra Queiroz Farias: Segue a política deles: “Colour Charges
There is a charge if authors choose to publish their figures in colour in print publication (which includes the online PDF). VAT or local taxes will be added where applicable.
Colour charges will NOT apply to authors who choose to pay an article processing charge to make their paper Open Access.”
Top left: univariate FFM model, bias -4.161, limits of agreement -10.096 to 1.774;
Top right: univariate FM model, bias 3.483, limits of agreement -2.445 to 9.412;
Bottom left: multivariate model 3, FFM calibrated, bias 0, limits of agreement -4.440 to -3.738;
Bottom right: multivariate model 3, FM calibrated, bias 0, limits of agreement 3.738 to 4. 4.440. 
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Figure 2: Bland-Altman analysis plots for the comparison of Fat-Free Mass (FFM) and Fat Mass (FM) from Bioelectric Impedance Analysis (BIA) with Dual X-Ray Absorptiometry (DXA) in EPITeen.
Top left: univariate FFM model, bias -7.474, limits of agreement -12.887 to -2.062;
Top right: univariate FM model, bias 6.209, limits of agreement 0.715 to 11.704;
Bottom left: multivariate model 3, FFM calibrated, bias 0, limits of agreement -6.802 to -6.438;
Bottom right: multivariate model 3, FM calibrated, bias 0, limits of agreement 6.438 to 6.802. 
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Table 2: Inverse linear regression models for calibration of Fat-free Mass (FFM) and Fat Mass (FM) from BIA, in comparison to DXA, in EPIPorto
	BIA
	DXA 
Fat Free Mass
	DXA 
Fat Mass

	Univariate Model*
	
	

	Model 1 
	
	

	Intercept (95% CI)
	-4.161 (-4.462; -3.861)
	3.484 (3.183; 3.784)

	Offset slope (95% CI)
	1
	1

	R2 
	0.904
	0.867

	RSE (Kg)
	3.028
	3.025

	Multivariate Models (Fat Free Mass & Fat Mass)*
	
	

	Model 2 (not constrained†)
	
	

	Intercept (95% CI)
	-0.427 (-1.940;1.086)
	5.897 (5.174; 6.621)

	Slope (95% CI)
	0.927 (0.898; 0.956)
	0.8836 (0.852; 0.916)

	R2
	0.910
	0.882

	RSE (Kg)
	2.941
	2.849

	Model 3 (constrained‡)
	
	

	Intercept (95% CI)
	-4.089 (-4.440; -3.738)
	4.089 (3.739; 4.440)

	Slope (95% CI)
	0.998 (0.994; 1.002)
	0.970 (0.961; 0.980)

	R2
	0.917
	0.894


Legend: CI = confidence interval; BIA: bioelectrical impedance; DXA: dual-energy x-ray absorptiometry; R2: determination coefficient; RSE: residual standard error.
*Univariate models were estimated with only FFM or only FM, while multivariate models include both FFM and FM.
†In the multivariate model not constrained, the intercepts of FFM and FM are allowed to be different from each other. 
‡ The multivariate model was constrained to have an absolute equal intercept of the FFM and FM. 


Table 3: Inverse linear regression models for calibration of Fat-free Mass (FFM) and Fat Mass (FM) from BIA, in comparison to DXA, in EPITeen
	BIA
	DXA 
Fat Free Mass
	DXA 
Fat Mass

	Univariate Model*
	
	

	Intercept (95% CI)
	-7.474 (-7.648; -7.301)
	6.209 (6.033; 6.386)

	Offset slope (95% CI)
	1
	1

	R2
	0.931
	0.883

	RSE (Kg)
	2.761
	2.803

	Multivariate Models (Fat Free Mass & Fat Mass)*
	
	

	Model 2 (not constrained†)
	
	

	Intercept (95% CI)
	-5.772 (-6.654; -4.889)
	6.443 (6.050; 6.836)

	Offset slope (95% CI)
	0.968 (0.951; 0.984)
	0.985 (0.963; 1.007)

	R2
	0.932
	0.883

	RSE (Kg)
	2,742
	2.802

	Model 3 (constrained‡)
	
	

	Intercept (95% CI)
	-6.621 (-6.802; -6.438)
	6.621 (6.438; 6.802)

	Offset slope (95% CI)
	0.984 (0.984; 0.985)
	0.974 (0.970; 0.977)

	R2
	0.934
	0.881


Legend: CI = confidence interval; BIA: bioelectrical impedance; DXA: dual-energy x-ray absorptiometry; R2: determination coefficient; RSE: residual standard error.
*Univariate models were estimated with only FFM or only FM, while multivariate models include both FFM and FM.
†In the multivariate model not constrained, the intercepts of FFM and FM are allowed to be different from each other. 
‡ The multivariate model was constrained to have an absolute equal intercept of the FFM and FM. 


[bookmark: _GoBack]Supplementary table 1: Comparison of calibration models with and without covariates
	
	EPIPorto
	EPITeen

	
	R2
	RMSE (Kg)
	R2
	RMSE (Kg)

	FFM (no covariates)
	0.911
	2.927
	0.933
	2.744

	FFM + sex + age + height + FFM*age	Comment by Fernanda: Retirei o simbolo “+” ao final de todos os criterios
	Comment by Microsoft: Está errado, porque a formula continua na linha de baixo! Já reformulei
	Comment by Fernanda Bezerra Queiroz Farias: Ok, agora entendi…obrigada
	0.916
	2.846
	--
	--

	FFM + age + height +
FFM*height
	--
	--
	0.937
	2.635

	FM (no covariates)
	0.885
	2.857
	0.883
	2.802

	FM + sex + age
	0.885
	2.817
	0.888
	2.747

	FM + sex + age + FM*sex  FM*age + sex*age +
FM*sex*age
	0.8878
	2.807
	--
	--


FFM: Fat-Free Mass; FM: Fat Mass; R2: determination coefficient; RMSE: Root Mean Square Error. 
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