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OBJECTIVE: To develop and validate equations that estimate total body water (TBW) and fat-free mass (FFM) in adults using
anthropometric measurements.
METHODS: A cross-sectional study was conducted among 178 adults (77 men and 101 women; aged 18–59 years). Participants
were distributed by sex and age groups, and then randomly assigned to equal two groups; the development (n= 89) and the
validation (n= 89). The anthropometric measurements included height and weight. The deuterium dilution technique (DDT)
estimated TBW and FFM. Linear regression models were used with the TBW and FFM as the dependent variable, and height and
weight as the independent variables. Cross-validation was performed by Bland and Altman plot, and the new anthropometric
equations were developed.
RESULTS: In the validation sample, the developed equations had high R2 of 94.4 for both TBW and FFM in all age groups, and low
standard errors (RMSE: 1.80 kg for TBW and 2.44 kg for FFM). The pure error was 2.03 for the TBW equation and 2.71 for the FFM
equation. The Bland–Altman plot illustrated the good level of concordance between the TBW and FFM predicted by the new
equations as determined by DDT. The following developed equations showed a better agreement with the DDT:
TBW kgð Þ ¼ 0:0758þ 0:2979 ´weightþ 0:1234 ´ height� 0:0416 ´ age� 8:7113 ´ sexðmen ¼ 0; women ¼ 1Þ;
FFM kgð Þ ¼ �0:4475þ 0:4055 ´weightþ 0:1691 ´ height� 0:0459 ´ age� 11:7752 ´ sexðmen ¼ 0; women ¼ 1Þ.
CONCLUSION: In this study, we developed and validated prediction equations for the estimation of TBW and FFM from DDT in
healthy adult Tunisian population. The newly anthropometric prediction equations seem to be the most accurate for Tunisian adult.
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INTRODUCTION
Overweight and obesity are defined as abnormal or excessive
accumulation of body fat, and excessive fatness is linked with non-
communicable diseases of lifestyle. Nowadays, obesity is a major
public health problem in both developed and developing
countries. It is considered as a chronic progressive disease [1].
Recently, obesity amongst other comorbidities was reported to be
a higher and a major risk factor associated with the severe
Coronavirus disease 2019 (COVID-19) [2].
One of the most widely used methods for estimating body

composition is the anthropometric measurements (skinfolds,
waist circumference (WC), upper arm circumferences, body
weight, etc.). Anthropometric parameters have long been used
to assess nutritional status [3]. It is a convenient, non-inversive
and quick way to assess body composition and requires
minimal equipment. However, these parameters have

limitations, for example, body weight alone cannot character-
ize the shape of the human body without taking into account
the stature.
Body mass index (BMI) being a proxy measure for fatness is

typically used to assess overweight and obesity in both clinical
and field settings. Although BMI useful, it has serious limitations in
the sense that it does not discriminate between fat mass (FM) and
fat-free mass (FFM) [4, 5].
Importantly, accurately and valid assessment of body composi-

tion is essential for the assessment of nutritional and health status
for the effectiveness of current and future nutritional interven-
tions. As such, there are several available techniques for assessing
body composition. These methods include anthropometry,
bioelectrical impedance analysis (BIA), dual-energy X-ray absorp-
tiometry, quantitative magnetic resonance imaging ultrasound
and isotopes dilution technique [6, 7]. However, the selection of
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body composition technique in research is dependent of the
feasibility and it advantages.
Deuterium dilution technique (DDT) is one of the reference

methods for the measurement of total body water (TBW) to calculate
FFM and FM based on 2-compartments model. The DDT has been
applied in all ethnic groups and ages. However, DDT requires 3.5 to
6 h of patient time and addition special instrumental analysis, is not
suitable for routine use [8]. It was therefore interesting to develop
and validate a simple, rapid and non-invasive alternative approach
for the estimation of FFM and FM [9, 10].
To date, a few prediction equations have been developed to

estimate body composition using anthropometric variables from a
simple measurement of height and weight combined with
information on gender and age. However, it has been described
that these equations are not valid in other populations with a
different ethnic origin [11–16].
So, the main aim of our study, which is one of the fewer

investigations to estimate the body composition in adults of
Tunisian origin, was to assess the validity of previously published
TBW, FFM, and anthropometric prediction equations against DDT
in a sample of Tunisian adults; and to develop a new
anthropometric equations to predict TBW and FFM as assessed
by reference method.

MATERIALS AND METHODS
Studied population
A total of 178 subjects living in urban area in Tunisia were recruited from
the Nutrition Department of the Higher School of Health Sciences and
Techniques in Tunis. Recruitment was done using random sampling with
the following inclusion criteria: (1) men and women aged ranging from 18
and 59 years old; (2) apparently healthy subjects. Participants with chronic
illnesses were excluded from the study. All participants have similar
demographic characteristics. All subjects were informed that their
participation was voluntary. Participants were clearly informed of the
study protocol and signed informed consent form. Confidentiality was
maintained during measurements and data processing.

Anthropometric measurements
Anthropometric measurements were performed following the interna-
tional recommendations [17].
Standing height was measured in the erect position without shoes with a

mobile height gauge (ALTUREXATA®) graded in centimeters up to 2.13m and
within an accuracy of 0.1 cm. Weight was measured in minimum clothing
without shoes to the nearest 0.1 kg using a portable scale (Seca, Hamburg,
Germany, 896 (150 ± 0.1 kg)). BMI was calculated as weight in kilograms
divided by height in meters squared (BMI: kg/m2). Participants were classified
as underweight (BMI < 18.5 kg/m2), normal (BMI between 18.5 to 24.9 kg/m2)
or overweight (BMI between 25 to 29.9 kg/m2) and obese (BMI≥ 30 kg/m2)
[18]. WC was measured with a 2m long, flexible, inelastic anthropometric

Table 1. Predictive equations published in the literature for the determination of TBW and FFM.

Reference Prediction equation Age
(years)

Criterion R2 RMSE

TBW

Hume and Weyers [1] TBW (men)= (0.194786 × Ht)+ (0.296785 ×Wt)− 14.012934
TBW (women)= (0.34454 × Ht)+ (0.183809 ×Wt)− 35.270121

35–71
33–84

Tritium 0.90
0.90

2.1
1.8

Watson et al. [12] TBW (men)= 2.447− (0.09156 × Age)+ (0.1074 × Ht)+ (0.3362 ×Wt)
TBW (women)=−2.097+ (0.1069 × Ht)+ (0.2466 ×Wt)

17–86 DDT 0.70
0.74

3.76
3.6

Slater and Preston [13] TBW= 7.40 × Ht3 3–87 DDT 0.95 NA

Medoua et al. [14] TBW= 13.8994+ (0.0017 × Age)+ (0.3190 ×Wt)+ (1.8532 × Sex) 23–70 0.82 2.04

Chumlea et al. [15] TBW (men)=−18.37− (0.09 × Age)+ (0.34 ×Wt)+ (0.25 × Ht)
TBW (women)=−16.71− (0.05 × Age)+ (0.22 ×Wt)+ (0.24 × Ht)

18–90 DDT 0.77
0.75

3.9
3.3

FFM

Janmahasation [16] FFM (men)= (9270 ×Wt)/(6680+ (216 × BMI))
FFM (women)= (9270*Wt)/ (8780+ (244*BMI))

18–82 DEXA 0.82
0.81

2.88
2.87

DDT deuterium dilution technique, TBW total body water (kg), FFM fat-free mass (kg), Ht height (cm), Wt weight (kg), BMI body mass index (kg/m2), RMSE root
mean square error (kg), NA not available.

Table 2. General characteristics and body composition of the study by subjects, gender and subgroups.

Parameter Total subject
(n= 178)

Men (n= 77) Women (n= 101) Development
group (n= 89)

Validation group
(n= 89)

p valuesa

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Age (years) 29.2 ± 12.3 27.68 ± 12.49 30.30 ± 12.14 28.34 ± 12.28 29.9 ± 12.4 0.93

Weight (kg) 69.4 ± 12.2 73.60 ± 11.62 66.16 ± 11.73 68.90 ± 12.04 69.8 ± 12.5 0.74

Height (cm) 167.7 ± 10.4 176.96 ± 6.80 160.58 ± 6.14 168.30 ± 10.30 167.0 ± 10.4 0.89

Waist
circumference (cm)

87.58 ± 11.18 87.88 ± 10.80 87.36 ± 11.52 86.62 ± 11.04 88.7 ± 11.3 0.83

BMI (kg/m2) 24.75 ± 4.28 23.47 ± 3.22 25.72 ± 4.72 24.43 ± 4.44 25.07 ± 4.11 0.47

TBWDDT (kg) 35.30 ± 7.61 42.63 ± 4.68 29.71 ± 3.58 35.20 ± 7.44 35.40 ± 7.82 0.64

FFMDDT (kg) 48.09 ± 10.35 58.06 ± 6.33 40.49 ± 4.93 47.90 ± 10.09 48.29 ± 10.67 0.60

FMDDT (kg) 21.27 ± 9.03 15.52 ± 6.84 25.65 ± 7.98 20.99 ± 9.52 21.55 ± 8.54 0.31

FMDDT (%) 30.34 ± 10.76 20.34 ± 6.48 37.96 ± 6.11 30.04 ± 11.30 30.65 ± 10.25 0.36

Values are mean ± SD.
TBW total body water (kg), FFM fat-free mass (kg), DDT deuterium dilution technique.
at-Test between development and validation group.
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tape, divided into centimeters and subdivided into millimeters. WC was taken
midway between the inferior margin of the last rib and the crest of the ilium
in a horizontal plane (to the nearest 0.1 cm).

Assessment of body composition
TBW, FFM and FM of different subjects were measured by DDT. The collection
of the samples and the analyses were undertaken according to the guidelines
of the International Atomic Energy Agency (IAEA) [19, 20]. In fact, after asking
subjects to empty their bladder, each participant provided pre-dose saliva
using sterile anhydrous cotton rolls given by IAEA (GIMA, Italy). Saliva is
collected in sterile tubes by compressing cotton in a syringe. Then, the
participants drank, with a straw, a gravimetrically weighed amount of 60 g of
10% deuterium oxide at 99.8% atom excess based an amount of 0.1 g/kg of
subject weight. The bottle containing the dose was rinsed twice with 50ml of
drinking water and fed to the adults in order to ensure that the participants
received the entire isotope dose. During the time of equilibration of body
water compartments, subjects could not have any food or drink, and could
not perform any physical activity. A first post-dose saliva sample was collected
from each participant after 3 h of dose administration and a second post-dose

after 3.5 h. Samples were stored at −20 °C until analysis. The enrichment of
deuterium in saliva samples was measured by Fourier transformed infrared
spectrophotometer using FTIR (FTIR, Agilent 4500). Moreover, measurement of
the serial dilution (range: 0–500 ppm) of our calibrator with our FTIR
equipment showed a coefficient of correlation of 0.99, reflecting good
precision of our FTIR method. In order to calibrate the FTIR, a standard
solution of 1000mg of deuterium oxide per kg of local tap water was
prepared by gravimetry and analyzed at the beginning and at the end of each
series of measurements. Deuterium enrichment in saliva samples were
obtained compared to the standard. Saliva samples were completely thawed
at room temperature, centrifuged to remove any solids, and analyzed twice.
Two saliva sample readings measured by FTIR must have values that are
within 3 ppm. After measuring the enrichment of saliva by the FTIR, the
following calculations were performed to assess TBW, FFM and FM [20, 21]:

● Deuterium dilution space (DDS)= the amount of deuterium oxide
consumed/the enrichment (average of 3 and 3.5 h post-dose
enrichment).

● TBWDDT (kg)= DDS/non-aqueous exchange constant (1.041).
● FFMDDT (kg)= TBWDDT/hydration factor (0.732 for subject aged >20

years, 0.738 for males and 0.745 for females aged 18–20 years) [21, 22].
● FMDDT (kg)= Body weight− FFMDDT.
● % FMDDT= (FMDDT/body weight) × 100.

Anthropometric based published prediction equations tested
In the present study, we tested the validity of previously published
prediction equations and mainly those made for adults. Those equations
were chosen according to their frequent mention in the literature and the
age range of the population. Thus, five TBW equations were tested for the
prediction of TBW: Hume and Weyers [11], Watson et al. [12], Slater and
Preston [13], Medoua et al. [14], Chumlea et al. [15] and one equation for
the determination of FFM: Janmahasation et al. [16] (Table 1).

Statistical analysis
Statistical analyses were performed using STATA 14 (StataCorp, College
Station, TX, USA). Data were presented as mean ± standard deviations. To
cross-validate the new anthropometric equation, the database was sub-
divided in development group (89 subjects) and validation group (89 subjects).
The subdivision was done after classification of subjects by gender and age,
then the subjects were randomly allocated to each sub-group. The differences
between validation and development groups were evaluated using a two
sample t-test. The stepwise linear regression method was used to predict TBW
in kg and FFM in kg as dependent variables, whereas the independent
variables were body weight in kg, height in cm, age in years and sex
(men= 0, women= 1). Pearson’s correlation coefficients were used to study
the relation between the measured and predicted values of TBW. The
difference between measured and predicted values (bias) was tested against
zero using paired t-test. The coefficient of determination (R2), the root mean
square error (RMSE) and %RMSE (RMSE/mean FFM or TBW) were used to
evaluate the precision of the equations. Bland and Altman [23] test was
applied to evaluate the concordance between body composition results
measured by using DDT and different prediction equations. The statistical
significance was considered at p value <0.05.

RESULTS
General characteristics
The physical and anthropometric characteristics and body
composition parameters of all subjects and according to sex
are presented in Table 2. In total 178 subjects (77 men, 101
women), aged 18 to 59 years participated in this study. The
means of age, weight, height and BMI of the participants were,
respectively, 29.2 ± 12.3 years, 69.4 ± 12.2 kg, 167.7 ± 10.4 cm
and 24.75 ± 4.28 kg/m2. According to the BMI categories, 5.6%
were underweight, 48.3% of the subjects were in a normal
range, 33.2% were overweight and 12.9% were obese.

Prediction equations tested
The comparison of our results with those predicted equations
using a previously published anthropometric equations, is
presented in Table 3.

Table 3. TBW determined by DDT in our study and that calculated
according to the published based anthropometric prediction
equations.

Equation Mean ± SD p values

TBW

All subjects (n= 178)

Criterion (DDT) 35.30 ± 7.61

Hume and Weyers [11] 36.57 ± 6.22 <0.0001

Watson et al. [12] 36.69 ± 7.06 <0.0001

Slater and Preston [13] 35.27 ± 6.56 0.94

Medoua et al. [14] 36.44 ± 4.05 0.0045

Chumlea et al. [15] 40.72 ± 7.80 <0.0001

Men (n= 77)

Criterion (DDT) 42.63 ± 4.68

Hume and Weyers [11] 42.29 ± 4.26 0.15

Watson et al. [12] 43.66 ± 4.16 <0.0001

Slater and Preston [13] 41.18 ± 4.68 0.0018

Medoua et al. [14] 38.27 ± 3.71 <0.0001

Chumlea et al. [15] 48.40 ± 4.90 <0.0001

Women (n= 101)

Criterion (DDT) 29.71 ± 3.58

Hume and Weyers [11] 32.21 ± 3.20 <0.0001

Watson et al. [12] 31.38 ± 3.05 <0.0001

Slater and Preston [13] 30.77 ± 3.50 0.0089

Medoua et al. [14] 35.05 ± 3.75 <0.0001

Chumlea et al. [15] 34.86 ± 3.08 <0.0001

FFM

All subjects (n= 178)

Criterion (DDT) 48.09 ± 10.35

Janmahasation et al. [16] 47.96 ± 10.17 0.50

Men (n= 77)

Criterion (DDT) 58.06 ± 6.33

Janmahasation et al. [16] 57.80 ± 6.35 0.42

Women (n= 101)

Criterion (DDT) 40.49 ± 4.93

Janmahasation et al. [16] 40.46 ± 4.59 0.90

Values are mean ± SD.
TBW total body water (kg), FFM fat-free mass (kg), DDT deuterium dilution
technique.
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All equations for the estimation of TBW, except that of Slater
and Preston, showed significant differences in all subjects, and in
men and women. Indeed, TBW predicted by the equations of
Hume and Weyers [11], Watson et al. [12], Medoua et al. [14] and
Chumlea et al. [15] significantly (p < 0.0001) overestimated TBW in
the total sample with a positive bias value (2.50, 1.67, 5.34 and
5.15 kg, respectively for each equation). However, Slater’s equation
gave a non-significant difference in all subjects (p= 0.94), but in
terms of sex, the Slater inbuilt equation significantly (p= 0.0089)
overestimated TBW in women with a bias of 1.06 ± 4.00 kg and
(p= 0.0018) underestimate TBW in men.

Body composition in the development and validation groups
Table 2 shows the characteristics of studied participants and
subgroups (development and validation groups). There were no
significant differences observed in anthropometric variables and
different compartments of body compositions assessed by DDT
between the development group (n= 89) and the validation
group (n= 89). The mean of TBW was 35.3 kg with a range of 23.2
to 55.6 kg, the mean of FFM was 48.1 kg with a range of 30.7 to
76.0 kg and the mean of FM and %FM were respectively 21.3 kg
and 30.3% with a range of 4.1–45.7 kg and 7.8–50.0%.

Development of the equations
The prediction equations were derived by stepwise linear multiple
regression and the results for this prediction equation are
presented in Table 4. The TBW (kg) and FFM (kg) were the
dependent variables in their respective equation. Weight, height,
sex and age were the significant predictors variables included in
the equations. The weight, age, and sex considerably added to the
accuracy of our equations and improved r and RMSE.
The prediction equations derived were:

TBW kgð Þ ¼ 0:0758þ 0:2979 ´weightþ 0:1234 ´ height
� 0:0416 ´ age� 8:7113 ´ sex;

FFM kgð Þ ¼ � 0:4475þ 0:4055 ´weightþ 0:1691 ´ height
� 0:0459 ´ age� 11:7752 ´ sex;

where TBW in kg; FFM in kg; Weight in kg; Height in cm; sex in
dummy code (men= 0, women= 1) and age in years.
In the TBW prediction equation, the values of R2, RMSE, and %

RMSE are 0.94, 1.80 kg, and 5.08% respectively, while the same
parameters of the FFM prediction equation were of 0.94, 2.44 kg
and 5.05% respectively (Table 4).

Validation of the prediction equations
In the validation group, the use of the paired t-test showed that
there was no significant (p > 0.05) difference between TBW
(35.4 ± 7.8 kg) and FFM (48.3 ± 10.7 kg) measured by DDT and
estimated with the new anthropometric equation (35.4 ± 7.7 kg
and 48.1 ± 10.5 kg; respectively) (Table 5).
Bland and Altman plots of TBW and FFM prediction equations

are shown in Fig. 1. The bias was expressed as the mean of the
difference in TBW or FFM measured by DDT using FTIR and
estimated from the new anthropometric equation with a
confidence interval at 95% equal to [−0.4847; 0.3790] for TBW
and [−0.7298; 0.4168] for FFM. For the models’ pure errors, it was
2.0 kg for the TBW prediction equation and 2.7 kg for the FFM
prediction equation (Table 4).
The body composition parameters determined by the new

anthropometric equations showed a non-significant difference

Table 4. Regression models for the prediction of TBW and FFM.

Prediction
variablesa

Regression
coefficient

R2 RMSE p values Collinearity
statistics

Pure error BIAS IC BIAS

VIF

TBW 2.03 −0.0528 (−0.4847;
0.3790)

Constant +0.0758 0.000

Weight +0.2979 0.4041 5.7769 1.5730

Height +0.1234 0.8286 3.1162 3.7055

Age −0.0416 0.9408 1.8426 2.9789

Sex −8.7113 0.9439 1.8041 1.5107

FFM 2.71 −0.1565 (−0.7298;
0.4168)

Constant −0.4475 0.000

Weight +0.4055 0.4127 7.7740 1.5730

Height 0.1691 0.8301 4.2054 3.7055

Age −0.0459 0.9420 2.4713 1.5107

Sex −11.7752 0.9441 2.4413 2.9789

TBW total body water (kg), FFM fat-free mass (kg), R2 correlation coefficient, RMSE root mean square error (kg), Sex men= 0, women= 1, VIF variance inflation
factor, Bias mean measured− predicted value (significance at 0.05 level), Pure error ∑((Measured− predicted)2/n)).
aPrediction variables were entered in the model in the following order: weight, height, age and sex.

Table 5. Comparison between TBW and FFM measured by isotope
dilution using FTIR and by new anthropometric equation in the cross-
validation sample.

Mean ± SD p values

TBW

Reference method 35.40 ± 7.81 0.80

New anthropometric equation 35.35 ± 7.70

FFM

Reference method 48.28 ± 10.66 0.58

New anthropometric equation 48.12 ± 10.47

Reference method: deuterium dilution technique; values are mean ± SD.
TBW total body water (kg), FFM fat-free mass (kg), SD standard deviation.
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compared to those calculated from DDT for all subjects as well as
for men and women (Table 6).

DISCUSSION
The study aimed to develop body composition prediction
equations (TBW and FFM) in Tunisian adults using anthropometric
parameters and referring to the DDT. The DDT technique is a well-
established methodology for the measure of human body
composition. It is considered as one of the reference methods
for the evaluation of TBW, which is safe, non-invasive, be used
directly in the field, and adapted for use in any age group [24–27].
Therefore, the DDT is considered the gold standard for the
validation of other less expensive methods such as the anthro-
pometric method and the BIA [28].
In our knowledge, this study is the first in North Africa which

allows the development of anthropometric equations to
estimate the body composition measures of TBW and FFM in
adults using the DDT. The model developed in the present
study is the first specific that validated anthropometric
equation for healthy Tunisian adults.
First, we tested the prediction equations available in the

literature on our study population by comparing TBW and FFM
obtained with those equations against DDT. None of the
previously published equations for the prediction of TBW and
FFM were valid to use in Tunisian adults except for Slater and
Preston equation [13] for the prediction of TBW, and Janmahasa-
tion et al. [16] for the prediction of FFM in all population. In fact,
the application of Bland and Altman test showed a significant
(p < 0.01) proportional bias with DDT among both men and
women for the equations of Hume and Weyers [11], Watson et al.
[12], Medoua et al. [14] and Chumlea et al. [15]. However, the
Bland and Altman approach in the current study revealed high
bias values in all subjects (1.27, 1.39, 1.14 and 5.42 kg; (p < 0.01)),
especially in women (2.50, 1.67, 5.34 and 5.15 kg; (p < 0.0001)).
Moreover, compared to zero, the differences between the

means of measured and predicted values of TBW was significant
which indicates the inaccuracy of these equations, which is
probably due to the ethnic and racial differences of the studied
populations, which largely affect the accuracy of the body
composition prediction equation [29].

Although the TBW calculated by the Slater and Preston
equation [13] is similar to that found by DDT in the total
population, this equation showed a significant absolute bias with
the technique of deuterium dilution in men and women. Even if
the equation of Slater and Perston [13] showed a similar result as
DDT for TBW in the total sample, the equations significantly
underestimated TBW (−1.44 ± 3.93 kg) for men and overestimated
TBW for women (1.06 ± 4.00 kg). The observed sex differences
could be explained by the fact that in the case of Slater and
Preston [13], the study was carried out in a large sample with a
heterogeneous population (healthy children, HIV-positive children
and adults with type 2 diabetes, mild hypertension, pancreatic
cancer and lung cancer). Additionally, our population and that of
Slater and Preston [13] have a different ethnicity.
The FFM equation calculated by Janmahasation et al. [16],

although similar to that found by DDT in the total population and
both sexes, the anthropometric equation developed in our study
to estimate FFM (R2= 0.94; RMSE= 2.44) showed better statistical
parameters than those obtained by Janmahasation et al. [16] in all
subjects using dual energy X-ray absorptiometry as a reference
method (R2= 0.95, RMSE= 2.87 for men and women).
In the present study, the new anthropometric prediction

equations for TBW and FFM were developed using gender, age,
weight and height as possible predictor variables. The equation
which presented the highest adjusted R2 and the lowest RMSE
value was selected.
The new equations were applied in the validation group. Good

agreement was obtained with the DDT with the lowest pure error
value within the limits of 2.03 for the TBW equation and 2.71 for the
FFM equation. The new TBW equation predicts effectively TBW in
both men and women and provides acceptable absolute bias. Both
prediction equations provided excellent agreement with the
references measures of TBW (−1.68 to 1.63) and FFM (−0.14 to
0.79) by DDT. The Bland and Altman plot illustrates the good level of
concordance between the TBW and FFM predicted using the new
equation and TBW (p= 0.97) and FFM (p= 0.58) measured by DDT.

CONCLUSION
In conclusion, the new anthropometric prediction equations of
TBW and FFM developed in this study showed good agreement

Fig. 1 Bland and Altman plot between the deuterium dilution technique and those determined by the new prediction equation in the
validation group. (a) TBW and (b) FFM.
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with the reference technique and were the most accurate to
estimate TBW and FFM in Tunisian adults aged between 18–59
years. However, further studies are needed to examine the
validity of the new anthropometric equation in the Tunisian
elderly.

Limitations of the study
The study has some strength and limitations. The strength of
the study was that it was able for the first time to evaluation
and validate prediction equations for anthropometric measure-
ments against the criterion methods of DDT in Tunisian elderly.
Whilst the limitations are; First, lack of gender balance as men
resisted to participate, due to time required to apply the DDT
technique. Second, the equations were generated only for
healthy adults aged 18–59 years living in urban areas. Thus, it
would be interesting to verify the validity of the equation
proposed on adults in rural areas by including a population
balanced in terms of sex and nutritional status.

DATA AVAILABILITY
The dataset supporting the conclusions of this article can be made available upon
request from the corresponding author after approval is obtained from the
Committee.
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