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Abstract
Background: predicting weight loss outcomes from information collected from subjects before they start a weight management program is an 
objective strongly pursued by scientists who study energy balance. 
Objective: to develop and validate two prognostic models for the estimation of final body weight after a six-month intervention period. 

Material and methods: the present work was developed following the TRIPOD standard to report prognostic multivariable prediction models. A 
multivariable linear regression analysis was applied to 70 % of participants to identify the most relevant variables and develop the best prognostic 
model for body weight estimation. Then, 30 % of the remaining sample was used to validate the model. The study involved a 6-month intervention 
based on 25-30 % caloric restriction and exercise. A total of 239 volunteers who had participated in the PRONAF study, aged 18 to 50 years, with 
overweight or obesity (body mass index: 25-34.9 kg/m2), were enrolled. Body composition was estimated by dual-energy X-ray absorptiometry 
(DXA) and by hand-to-foot bioelectrical impedance (BIA) analysis. 

Results: prognostic models were developed and validated with a high correlation (0.954 and 0.951 for DXA and BIA, respectively), with the 
paired t-tests showing no significant differences between estimated and measured body weights. The mean difference, standard error, and 95 % 
confidence interval of the DXA model were 0.067 ± 0.547 (-1.036-1.170), and those of the BIA model were -0.105 ± 0.511 (-1.134-0.924). 

Conclusions: the models developed in this work make it possible to calculate the final BW of any participant engaged in an intervention like the 
one employed in this study based only on baseline body composition variables.
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Resumen
Antecedentes: predecir los resultados de la pérdida de peso a partir de la información recogida de los sujetos antes de que empiecen los 
programas de control de peso es un objetivo a largo plazo. 

Objetivo: desarrollar y validar un modelo de pronóstico para la estimación del peso corporal final después de un período de intervención de 
seis meses. 

Material y métodos: el presente trabajo se desarrolló siguiendo el estándar TRIPOD para reportar modelos pronósticos de predicción multivaria-
ble. El análisis de regresión lineal multivariable se aplicó al 70 % de los participantes para identificar las variables más relevantes y desarrollar el 
mejor modelo pronóstico para la estimación del peso corporal. Luego, el 30 % restante se utilizó para validar el modelo. Se realizó una intervención 
de 6 meses basada en la restricción calórica y el ejercicio. Los participantes fueron 239 voluntarios que habían participado en el estudio PRONAF, 
de 18 a 50 años de edad y con sobrepeso u obesidad (índice de masa corporal: 25-34,9 kg/m2). La composición corporal se evaluó mediante 
la absorción de rayos X de energía dual y el análisis de la impedancia bioeléctrica de mano a pie. 

Resultados: los modelos desarrollados se calibraron y validaron con una alta correlación (más de 0,94), no mostrando las pruebas t emparejadas 
diferencias significativas entre los pesos corporales estimados y los medidos. 

Conclusiones: los modelos desarrollados en este trabajo permiten calcular el peso corporal final de cualquier participante que participe en una 
intervención como las empleadas en este estudio, conociendo únicamente sus variables de composición corporal iniciales.

INTRODUCTION

The prevalence of obesity has dramatically increased world-
wide among both children and adults in recent years (1,2). Forty 
to sixty percent of the adult population in the western world is 
actively attempting to reduce their body weight (BW). Neverthe-
less, overweight and obesity remain highly predominant sources 
of health problems, which suggests that many of those attempts 
are unsuccessful (3). Decreased caloric intake and increased 
physical activity remain the first line of treatment for most weight 
management programs (4,5).

The usual course of weight loss therapy shows that weight 
is lost quickly at first, and the point of greatest loss occurs 6 
months after beginning treatment; then weight is slowly regained 
until weight returns near the original level (6). Predicting weight 
loss outcomes from information collected from subjects before 
they start weight management programs is a long-standing goal 
(7). In the area of human energy metabolism and body weight 
regulation, several mathematical models of weight change have 
been proposed over the past few decades (8-11). Such models 
provide a theoretical prediction of how body weight will change 
for a given energy intake and physical activity intervention assum-
ing perfect adherence. These models have been validated under 
highly controlled conditions when adherence to the intervention 
can be assured. However, under less controlled conditions of 
people following an outpatient weight loss program, the ability 
to estimate the loss of body mass (or weight) at the end of the 
intervention represents an intellectual gap for health profession-
als. Therefore, intervention studies are needed that demonstrate 
the magnitude of the error in their estimates, and suggest more 
accessible strategies to estimate final weight. In previous literature 
references it was shown that no differences exist between the 
types of treatment followed as long as a diet is included (12,13), 
as has been also demonstrated within this sample (14,15). So, for 
health professionals it would be interesting to predict the weight 
that their patients will lose just by assessing easy-to-measure 
simple variables such as body composition variables at the start 
of the intervention. Therefore, the aim of this research was to 

explore several body composition variables in order to develop a 
comprehensive prognostic model for the estimation of final body 
weight after a particular six-month intervention period.

METHODS

SOURCE OF DATA

The sample population used for this study was drawn from 
a clinical trial (ClinicalTrials.gov ID: NCT01116856) conducted 
from January 2010 through June 2011, and followed the eth-
ical guidelines of the Declaration of Helsinki. The Institutional 
Review Board at La Paz University Hospital (PI-643) reviewed 
and approved the study design and research protocol. Details 
concerning the theoretical background, protocol, and intervention 
of the clinical trial are described elsewhere (16). Furthermore, the 
present work was developed following the TRIPOD (Transparent 
Reporting of a multivariable prediction model for Individual Prog-
nosis Or Diagnosis) standard for reporting prognostic models of 
multivariate prediction (17).

PARTICIPANTS

The study participants were recruited through several adver-
tisement campaigns covering a wide variety of media (television, 
radio, press, and the internet). A total of 2,319 potential partici-
pants, recruited from the general population, were informed about 
the nature of the study, and those who were 18 to 50 years old, 
had a BMI between 25 and 34.9 kg/m2, were non-smokers, were 
sedentary (i.e., two hours or less of structured exercise per week) 
(18), and had glucose levels < 5.6 mmol/L (< 100 mg/dL) were 
invited to participate in this study. Women with any disturbances 
in their menstrual cycle were not eligible to participate in the 
study. Eligible participants who were willing to participate provided 
their written informed consent prior to joining the study, and then 
completed a baseline assessment at the involved medical center, 
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after which they were randomly assigned to the study groups. 
Randomization was computer-generated (Fig. 1).

Participants underwent a 6-month diet and exercise-based 
intervention, focusing on behavioral change, in two different 
waves: one of overweight participants (from January 2010 to 
June 2010) and one of obese participants (from January 2011 
to June 2011). Each wave was split into four randomly assigned 
groups, stratified by age and sex: strength group (S), endurance 
group (E), combined strength and endurance group (SE), and con-
trol group, which followed the physical activity recommendations. 
The measurements took place within the first week (pre-interven-
tion values) for all participants at baseline and after 22 weeks of 
intervention, in week 24 (post-intervention values).

Before the intervention started all participants were instructed 
to continue their usual daily activities as performed right before 
the intervention period, and their physical activity was assessed 
by a SenseWear Pro3 Armband™ accelerometer (Body Media, 
Pittsburgh, PA, USA) for a full week every month. Participants were 
instructed to wear the monitor continuously for 5 days, including 
weekend days and weekdays, following general recommendations 
(19). Data were recorded at 1-min intervals. Daily energy expen-
diture was calculated using the Body Media proprietary algorithm 
(Interview Research Software Version 6.0). In addition, they were 
required to report the kind, duration, and intensity of any physical 
activity undertaken, and the amount of any food ingested during 
the intervention period by means of a personal diary.

Figure 1.

Participant flow diagram.

Enrollment

Excluded for pathologies	 n = 120
Out of specified range of age	 n = 48
Inadequate Body Mass Index	 n = 455
No sedentary behavior	 n = 102
Smoke habit	 n = 44
Metabolic Syndrome	 n = 44
Binge Eating Disorder	 n = 20
Injuries and other reasons	 n = 11

Allocation

Respond to the advertisement
n = 2319

Not interested after preliminar 
information
n = 1150

Not eligible
n = 844

Asigned to S
n = 60

Not elegible after testing  
or refused to continue

n = 86

Asigned to E
n = 60

Asigned to SE
n = 60

Asigned to C
n = 59

Withdrew:
9 Personal reasons
2 Exercise adherence
1 Diet adherence
3 Lost interest
2 Job change

Withdrew:
1 Job change
4 Lost interest
3 Personal reasons
1 Diet adherence

Withdrew:
3 Personal reasons
3 Job change
5 Lost interest
2 Diet adherence
1 Diet and Exercise adherence

Withdrew:
2 Personal reasons
15 Lost interest
2 Diet adherence

Follow-Up (6 months analysis) (-24.6%)

Contacted and completed the 
secondary questioner

n = 1169

Individual elegible for 
orientation visit

n = 325

Randomized
n = 239

n = 43 n = 51 n = 46 n = 40
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At the beginning of the intervention the negative energy balance 
was calculated considering the daily energy expenditure and a 
3-day food record, in order to decrease dietary energy intake 
by 25-30 % during the intervention. Adherence to the diet was 
calculated as the estimated kcal content of the diet divided by the 
actual kcal intake in percentage ([estimated kcal of diet / actual 
kcal intake] x 100), with 100 % being the highest adherence, 
following a methodology similar to that of other previous studies 
(20). Moreover, adherence to exercise was calculated by the num-
ber of sessions completed in relation to the theoretical number of 
sessions ([sessions performed / total sessions] x 100). Attendance 
of more than 90 % of training sessions, and an adherence to diet 
over 80 % were required.

DIET INTERVENTION

All participants followed an individualized hypocaloric diet with 
a 25-30 % caloric restriction (CR) from their own daily ener-
gy expenditure (21), which was measured by using the Sense-
Wear Pro Armband™ (Body Media, Pittsburgh, PA, USA), which 
provides underestimates by a mean value of 8.8 % (22). Then, 
the macronutrient distribution was carried out according to the 
recommendatios issued by the Sociedad Española de Nutrición 
Comunitaria (23). 

EXERCISE INTERVENTION

All exercise training groups (strength, endurance, and com-
bined) followed an individualized training program, which con-
sisted of exercise sessions three times a week for 22 weeks, 
carefully supervised by certified personal trainers. Details about 
the different protocols developed for these groups are described 
elsewhere (16).

CONTROL GROUP

Participants in the control group followed the dietary inter-
vention and complied with the recommendations about physical 
activity issued by ACSM (24). Thus, control subjects were advised 
to undertake at least 200-300 min of moderate-intensity physical 
activity per week (30-60 min on most, if not all, days of the week).

OUTCOME

Body weight was measured in kilograms with a Tanita scale 
(TANITA BC-420MA. BioLógica Tecnología Médica SL, Spain) at 
baseline and just after the intervention period.

PREDICTORS

Body composition (fat mass and fat-free mass) was assessed 
by dual-energy X-ray absorptiometry (DXA) (GE Lunar Prodigy; 

GE Healthcare, Madison, WI, USA), and the scan analysis was 
performed using the GE Encore 2002, version 6.10.029, soft-
ware to measure total fat mass in kg (FMD) and fat-free mass in 
kg (FFMD). Moreover, these parameters were also assessed by 
hand-to-foot bioelectrical impedance analysis (BIA) (OMRON BF 
306W Analyzer, OMRON HEALTH-CARE Co., Ltd, Ukyo-ku, Kyoto, 
Japan), measuring fat mass in kg (FMB) and fat-free mass in kg 
(FFMB). All these predictors were measured just before and after 
the intervention period.

SAMPLE SIZE

The initial sample size was determined by the sample size 
estimation made in the clinical trial where the data for this work 
were obtained (25). Specifically for this study, the sample that 
completed the clinical trial (180 participants) was randomly divid-
ed into two subsets — with 70 % of the sample (134 partici-
pants) the prognostic model was developed, and later validated 
with the remaining 30 % of the sample (46 participants). In this 
way, the model was validated with a population that was different 
from the one it was developed with.

MISSING DATA

Participants who did not complete the intervention (for personal 
reasons, change of job, loss of interest, etc.), or whose adherence 
to the diet or exercise program was insufficient, had their infor-
mation excluded from the analysis (Fig. 1).

STATISTICAL ANALYSIS METHODS

A one-way multivariate analysis of variance for repeated mea-
sures (MANOVA) was employed to compare the initial and final 
body composition variables between the development and vali-
dation subsets. Next, we applied a multivariable linear regression 
analysis to identify the most relevant variables associated with 
body weight from the development subset (70 % of the partici-
pants randomly sampled), to construct the best prognostic model 
for body weight estimation. These multivariable linear regression 
models were fitted to predict the final body weight. In each case, 
the dependent variable (predictor) was final body weight (in kilo-
grams) and the independent variables were sex, initial body weight, 
height, type of treatment, fat mass, and fat-free mass for both the 
DXA and BIA models. A backward elimination approach was used 
to finalize the regression models. If the slope for an independent 
variable was not found to be significantly different than zero at 
α = 0.05, that independent variable was excluded from the model. 
In addition, standardized coefficients of each variable and their 
95 % confidence intervals were also obtained. To assess the fit of 
the prognostic model conventional linear regression models were 
used according to the coefficient of determination (R2). After the 
prognostic models were fitted, they were applied to the remaining 
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30 % of the sample, carrying out a cross-validation and obtaining 
their predicted body weight measurements. Therefore, the models 
were validated by comparing the means from the measured and 
predicted body weight measurements using a paired Student’s 
t-test.  Pearson correlation coefficient (r) was used to assess the 
linear bivariate relationship among predicted and measured BW. In 
addition, mean differences, standard error of the mean (SEM), and 
95 % confidence intervals were determined. Moreover, Bland-Al-
tman plots were drawn to establish the limits of agreement for 
actual body weight against predicted weight, for both the DXA and 
BIA models. The data were statistically analyzed using the PASW 
Statistics software, version 18.0 for Windows (SPSS Inc., Chicago, 
Illinois, USA). Data was presented as mean ± standard deviation 
(mean ± SD). For all tests a p-value < 0.05 was considered 
statistically significant.

RESULTS 

PARTICIPANTS

Due to the reasons shown in figure 1 the final sample consisted 
of 180 participants. The characteristics of the 134 participants in 
the development subset, and the 46 participants in the validation 
subset are shown in table I. After the intervention, there were there 
no significant differences between groups (data not shown). At 
baseline, both the development and validation subsets had similar 

characteristics for all the measured variables (p > 0.05). After 
the intervention period, both the development and validation sub-
sets had significant and similar reductions in BW (-8.49 ± 4.40 
and -8.53 ± 4.48 kg, respectively, F

1,175 
= 0.003; p = 0.958), 

fat mass by DXA (FMD) (-6.83 ± 3.74 and -6.69 ± 3.03 kg, 
respectively, F

1,175 
= 0.048; p = 0.826), fat-free mass by DXA 

(FFMD) (-0.36 ± 1.50 and -0.50 ± 1.18 kg, respectively, 
F

1,175 
= 0.294; p = 0.589), fat mass by BIA (FMB) (-7.60 ± 3.80 

and -7.71 ± 3.65 kg, respectively, F
1,175 

= 0.029; p = 0.865), and 
fat-free mass by BIA (FFMB) (-1.03 ± 1.69 and -0.84 ± 1.85 kg, 
respectively, F

1,175 
= 0.391; p = 0.532) (Table I).

MODEL DEVELOPMENT AND VALIDATION

In this study two prognostic models were developed and val-
idated: the first one employing DXA data, and the second one 
using BIA data. In both cases, the dependent variable was the 
measured final body weight (in kilograms). The multivariable linear 
regression analysis revealed that the independent variables for 
the prognostic models were initial fat mass and fat-free mass 
in both models (DXA and BIA), thus discarding the rest of the 
variables introduced (sex, initial body weight, height, and type of 
treatment). In addition, coefficients of determination (R2) over 0.9 
were achieved for both models. The standardized coefficients from 
the multiple regressions and their 95 % confidence intervals are 
shown in table II. In this table, it may be observed that fat-free 

Table I. Participant characteristics (n = 180). Values expressed as mean ± SD
Development subset (n = 134) Validation subset (n = 46)

Initial Final Initial Final

Age (years) 38.55 ± 7.78 38.55 ± 7.78 37.09 ± 8.51 37.09 ± 8.51

Body weight (kg) 88.52 ± 13.6 80.03* ± 12.80 86.75 ± 12.78 78.22* ± 11.13

Height (m) 1.70 ± 0.09 1.70 ± 0.09 1.67 ± 0.10 1.67 ± 0.10

Fat mass, DXA (kg) 34.37 ± 6.90 27.55* ± 7.05 34.27 ± 7.25 27.57* ± 7.69

Fat-free mass, DXA (kg) 50.15 ± 9.66 49.79* ± 9.67 48.42 ± 9.32 47.93* ± 9.28

Fat mass, BIA (kg) 31.35 ± 7.83 23.75* ± 7.19 31.03 ± 7.63 23.32* ± 7.33

Fat-free mass, BIA (kg) 57.50 ± 10.86 56.46* ± 10.88 55.46 ± 9.76 54.62* ± 9.91

*p < 0.05: significantly different from baseline.

Table II. Standardized coefficients from the multiple regression models
Variable Model 1 (DXA) p-value Model 2 (BIA) p-value

Sex -0.079 (-4.700-0.693) 0.144 -0.028 (-4.456-3.035) 0.708

Initial body weight 0.092 (-0.251-0.425) 0.611 0.134 (-0.308-0.561) 0.565

Height 0.013 (-13.436-16.964) 0.819 0.057 (-7.880-23.637) 0.324

Type of treatment -0.046 (-1.123-0.070) 0.138 0.003 (-0.620-0.692) 0.914

Fat mass 0.486 (0.793-0.986)* < 0.001 0.532 (0.787-0.965)* < 0.001

Fat-free mass 0.741 (0.919-1.060)* < 0.001 0.776 (0.855-0.984)* < 0.001

*p < 0.001: significantly included in the models.
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mass has more predictive power than fat mass in both models 
(0.741 vs. 0.486 for the DXA model; and 0.776 vs. 0.532 for the 
BIA model). Finally, the developed models were as follows:

–	 Model 1 (DXA, R2 = 0.909; SEM = 3.87):
	 Final BW (kg) = -0.379 + (0.89 x FMD) + (0.99 x FFMD)
–	 Model 2 (BIA, R2 = 0.903; SEM = 4.01):
	 Final BW (kg) = -0.344 + (0.876 x FMB) + (0.92 x FFMB)
Then, these models were validated by applying them to the 

remaining thirty per cent of the sample. Table III shows the mean 
differences between the values predicted by the models and the 
actual, measured weights with their standard errors and 95 % 
confidence intervals both in development and validation subsets. 
Furthermore, it may be observed that the prognostic models 
were developed and validated with a high correlation (over 0.95), 
with the paired t-tests not showing any significant differences 
between the predicted and measured body weights. Additionally, 
in the validation subset, the mean difference, standard error, and 

95 % confidence interval of the DXA model were 0.067 ± 0.547 
[-1.036-1.170], and those of the BIA model were -0.105 ± 0.511 
[-1.134-0.924]. On the one hand, model 1 (DXA data) overesti-
mated the change occurred in BW, which resulted in the mean 
predicted BW being lower than the measured one. On the other 
hand, model 2 (BIA) underestimated change in BW. The Bland-Al-
tman agreement analysis for actual body weight as predicted by 
the two prognostic models is shown in figure 2. Finally, the stan-
dard error of the mean for the DXA model was 3.07 ± 2.21 kg, 
and for the BIA model was 3.19 ± 2.12 kg.

DISCUSSION

In this study we used data from a behavioral intervention program 
to develop prognostic models aimed at estimating final body weight 
after a six-month intervention, using as methodology baseline body 

Table III. Mean differences and standard errors between predicted and measured body 
weights using the paired t-test data

Mean 
differences (kg)

Standard 
error (kg)

95 % confidence 
interval

Correlation
Paired Student’s 

t-test

Development subset (n = 134)

	 Model 1 (DXA) -0.014 0.332 -0.671 to 0.642 0.954 (p < 0.001) t
133 

= -0.043; p = 0.965

	 Model 2 (BIA) -0.016 0.347 -0.704 to 0.672 0.951 (p < 0.001) t
133 

= -0.046; p = 0.963

Validation subset (n = 46)

	 Model 1 (DXA) 0.067 0.547 -1.036 to 1.170 0.947 (p < 0.001) T
45 

= 0.122; p = 0.903

	 Model 2 (BIA) -0.105 0.511 -1.134 to 0.924 0.954 (p < 0.001) t
45 

= -0.206; p = 0.838

Figure 2.

Bland-Altman plot comparing the real body weight and the predicted body weight. Prognostic model with DXA data (left panel), and prognostic model with BIA data (right panel).
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composition variables. Four different types of treatment were com-
pared in this study, and this variable did not influence the analysis. 
Moreover, although several variables were added in the process 
of developing the prognostic models, only the body composition 
variables fat mass and fat-free mass were shown to have predictive 
power (Table II). The R2 obtained in our study using the prognostic 
models in the validation subset were over 0.9, showing very small 
differences between actual and predicted BW means. The DXA 
model had an error of 0.82 % regarding total loss of BW, and the 
BIA model one of 1.29 % (Table III). These models could help health 
professionals estimate the loss of body mass (or weight) obtained at 
the end of this program, and propose more realistic strategies for 
their intervention, since weight loss is the primary concern of people 
who follow this program. With the baseline data of the participants 
and an intervention proposal similar to this one, similar results to 
those obtained in this study could be achieved, since the variables 
that most affect this result are the baseline body composition values 
and the energy balance during the intervention.

In this study we have reported values obtained using the DXA 
and BIA methods for assessing body composition. The most 
accurate method for assessing body composition is DXA (26-
28). However, it is not as commonly accessible as the bioelectrical 
impedance method (which also has a lower cost). For this reason, 
both methods have been employed for the analyses. Since DXA 
is the most accurate method for assessing body composition, the 
prediction obtained based on DXA data should have been more 
accurate than that obtained with BIA. However, this was not the 
case since we could predict BW loss similarly with both methods.

We used multiple regressions to compare body composition 
variables in order to predict the final BW. According to the prog-
nostic models developed, baselinel FM and FFM are the more 
predictive variables to estimate final BW in a weight loss program, 
whereas the variables sex, initial body weight, height, and type of 
treatment were excluded from the models (Table II). As Müller et 
al. reported, weight loss was associated with changes in the two 
major body components (FM and FFM) (5). Therefore, knowledge 
of the baseline FM and FFM measures would let us predict the 
final BW of any participant. This result was likely due to the fact 
that FM and FFM are the primary determinants of energy expen-
diture (29), and therefore the same intervention including diet and 
physical activity will result in a greater energy deficit in those with 
a higher FM and FFM, resulting in greater predicted weight loss.

In this study, it is noteworthy that final weight can be predicted 
based on only two variables of baseline body composition such 
as fat mass and fat-free mass. These models can predict final 
weight with a low standard error (0.55 kg), and a high correlation 
with actual weight (> 0.94).

The aim of weight loss is loss of FM, but inevitably a proportion of 
weight loss involves FFM (30,31). Loss of FFM may be undesirable 
if excessive, as non-adipose tissues are responsible for the majority 
of resting metabolic rate (RMR), regulation of core temperature, 
preservation of skeletal integrity, and maintenance of function 
and quality of life as the body ages (32,33). The fact of having a 
great amount of it could contribute to achieve a higher BW loss 
due to an increase in energy expenditure, with an increased RMR 

and a greater energy cost of physical activity (34-36). We suggest 
that any weight loss program should include exercise, especially 
strength training — because it maintains the FFM, contributing to 
the body’s overall energy expenditure rate (29) —, has greater car-
diometabolic health benefits (37), and prevents body weight regain 
(38,39). Redman showed that total daily energy expenditure was 
lower during weight loss with 25 % caloric restriction, and tended 
to be lower at weight loss maintenance (13). Brochu and Hunter 
showed this decreased RMR in a 6-month intervention (18,40). 
However, the strength trainers’ group in Hunter’s study did not have 
their RMR reduced, which led to maintenance of RMR following 
a return to energy balance, as this group trained at 65-80 % of 
the 1RM, an intensity higher than ours. This means that exercise 
intensity should be high in any weight loss program based on 
calorie restriction to maintain both the FFM and RMR.

Summarizing, the ability to estimate the loss of body weight at 
the end of a weight loss program represents an intellectual gap for 
health professionals. However, the prognostic models developed in 
this work make it possible to calculate the final BW of any partici-
pant engaged in an intervention using the PRONAF project meth-
odology by only knowing their baseline body composition variables.

The use of these prognostic models could have advantages 
in the field of medicine and health because it would allow the 
prediction of the final body weight that a person could achieve at 
the end of his or her weight loss intervention, with non-invasive 
methods, in a rapid manner, and right there in the doctor’s office. 
In addition, knowing the weight a patient could reach at the end 
of an intervention like that involved in the present study, a more 
restrictive intervention could be considered if the desired weight 
loss were greater. All of this could also contribute to evaluate the 
process at any time point throughout the intervention, allowing 
the health provider to redirect the intervention should body weight 
deviate from the established target. Further studies are needed to 
evaluate whether these models can be applied to other types of 
interventions. Moreover, it would be interesting to develop models 
to predict changes in the different components of body composi-
tion, beyond body weight.

REFERENCES

1.	 Unick JL, Lang W, Williams SE, Bond DS, Egan CM, Espeland MA, et al. 
Objectively-assessed physical activity and weight change in young adults: a 
randomized controlled trial. Int J Behav Nutr Phys Act [Internet] 2017 [cited 
2018 Apr 16];14(1):165. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5715643/pdf/12966_2017_Article_620.pdf. DOI: 10.1186/
s12966-017-0620-x

2.	 Hassannejad A, Khalaj A, Mansournia MA, Rajabian Tabesh M, Alizadeh Z. 
The Effect of Aerobic or Aerobic-Strength Exercise on Body Composition 
and Functional Capacity in Patients with BMI ≥35 after Bariatric Surgery: 
a Randomized Control Trial. Obes Surg [Internet] 2017 [cited 2018 Apr 
16];27(11):2792-801. Available from: https://link.springer.com/content/
pdf/10.1007%2Fs11695-017-2717-3.pdf. DOI: 10.1007/s11695-017-
2717-3

3.	 Bish CL, Blanck HM, Serdula MK. Diet and physical activity behaviors among 
Americans trying to lose weight: 2000 Behavioral Risk Factor Surveillance 
System. Obes Res 2005;13:596-607. DOI: 10.1038/oby.2005.64

4.	 Del Corral, Bryan DR, Timothy W, Gower BA, Hunter GR. Dietary Adherence 
During Weight Loss Predicts Weight Regain. Obesity 2011;19:1177-81. DOI: 
10.1038/oby.2010.298



518 M. Á. Rojo-Tirado et al.

[Nutr Hosp 2021;38(3):511-518]

5.	 Müller MJ, Geisler C. From the past to future: from energy expenditure to 
energy intake to energy expenditure. Eur J Clin Nutr [Internet] 2017 [cit-
ed 2018 Feb 5];71(3):358-64. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC5518173/pdf/ejcn2016231a.pdf. DOI: 10.1038/
ejcn.2016.231

6.	 Svetkey LP, Stevens VJ, Brantley PJ, Appel LJ, Hollis JF, Loria CM, et al. 
Comparison of strategies for sustaining weight loss: the weight loss main-
tenance randomized controlled trial. JAMA [Internet] 2008;299:1139-48. 
Available from: http://jama.jamanetwork.com/data/Journals/JAMA/4408/
joc80015_1139_1148.pdf. DOI: 10.1001/jama.299.10.1139

7.	 Weiss AR. Characteristics of successful weight reducers: a brief review of 
predictor variables. Addict Behav 1977;2(4):193-201. DOI: 10.1016/0306-
4603(77)90017-X

8.	 Thomas DM, Ciesla A, Levine JA, Stevens JG, Martin CK. A mathematical 
model of weight change with adaptation. Math Biosci Eng 2009;6(4):873-87. 
DOI: 10.3934/mbe.2009.6.873

9.	 Chow CC, Hall KD. The Dynamics of Human Body Weight Change. PLoS 
Comput Biol [Internet] 2008;4(3):e1000045. Available from: http://www.
ploscompbiol.org/article/fetchObjectAttachment.action?uri=info%3A-
doi%2F10.1371%2Fjournal.pcbi.1000045&representation=PDF. DOI: 
10.1371/journal.pcbi.1000045

10.	 O’Connor D, Hall MI, Donnelly M. Assessing capacity within a context 
of abuse or neglect. J Elder Abus Negl [Internet] 2009;21(2):156-69. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19347716. DOI: 
10.1080/08946560902779993

11.	 Hall KD, Sacks G, Chandramohan D, Chow CC, Wang C, Gortmaker SL, et 
al. Quantification of the effect of energy imbalance on bodyweight. Lancet 
2011;378:826-37. DOI: 10.1016/S0140-6736(11)60812-X

12.	 Kraus WE, Bhapkar M, Huffman KM, Pieper CF, Krupa Das S, Redman LM, et 
al. 2 years of calorie restriction and cardiometabolic risk (CALERIE): explor-
atory outcomes of a multicentre, phase 2, randomised controlled trial. Lancet 
Diabetes Endocrinol [Internet] 2019 [cited 2020 Jun 1];7(9):673-83. Available 
from: https://linkinghub.elsevier.com/retrieve/pii/S2213858719301512. DOI: 
10.1016/S2213-8587(19)30151-2

13.	 Redman LM, Heilbronn LK, Martin CK, de Jonge L, Williamson DA, Delany JP, et 
al. Metabolic and behavioral compensations in response to caloric restriction: 
implications for the maintenance of weight loss. PLoS One 2009;4(2):e4377. 
DOI: 10.1371/journal.pone.0004377

14.	 Benito PJ, Bermejo LM, Peinado AB, Lopez-Plaza B, Cupeiro R, Szendrei B, 
et al. Change in weight and body composition in obese subjects following a 
hypocaloric diet plus different training programs or physical activity recom-
mendations. J Appl Physiol 2015;118(8):1006-13. DOI: 10.1152/japplphysi-
ol.00928.2014

15.	 Rojo-Tirado MA, Benito PJ, Atienza D, Rincón E, Calderón FJ. Effects of age, 
sex, and treatment on weight-loss dynamics in overweight people. Appl 
Physiol Nutr Metab [Internet] 2013;38(9):967-76. Available from: http://
www.nrcresearchpress.com/doi/10.1139/apnm-2012-0441. DOI: 10.1139/
apnm-2012-0441

16.	 Zapico AG, Benito PJ, González-Gross M, Peinado AB, Morencos E, Romero B, 
et al. Nutrition and physical activity programs for obesity treatment (PRONAF 
study): methodological approach of the project. BMC Public Health [Inter-
net] 2012 [cited 2018 Feb 16];12(1):1100. Available from: http://bmcpub-
lichealth.biomedcentral.com/articles/10.1186/1471-2458-12-1100. DOI: 
10.1186/1471-2458-12-1100

17.	 Moons KGM, Altman DG, Reitsma JB, Ioannidis JPA, Macaskill P, Steyerberg 
EW, et al. Transparent Reporting of a multivariable prediction model for Indi-
vidual Prognosis Or Diagnosis (TRIPOD): Explanation and Elaboration. Ann 
Intern Med [Internet] 2015;162(1):W1. Available from: http://annals.org/article.
aspx?doi=10.7326/M14-0698. DOI: 10.7326/M14-0698

18.	 Brochu M, Malita MF, Messier V, Doucet E, Strychar I, Lavoie J-M, et al. Resis-
tance Training Does Not Contribute to Improving the Metabolic Profile after 
a 6-Month Weight Loss Program in Overweight and Obese Postmenopausal 
Women. J Clin Endocrinol Metab [Internet] 2009;94(9):3226-33. Available 
from: https://academic.oup.com/jcem/article/94/9/3226/2596559. DOI: 
10.1210/jc.2008-2706

19.	 Murphy SL. Review of physical activity measurement using accelerometers in 
older adults: considerations for research design and conduct. Prev Med (Bal-
tim) [Internet] 2009 [cited 2017 Jun 13];48(2):108-14. Available from: http://
linkinghub.elsevier.com/retrieve/pii/S0091743508006300. DOI: 10.1016/j.
ypmed.2008.12.001

20.	 Acharya SD, Elci OU, Sereika SM, Music E, Styn MA, Turk MW, et al. Adherence 
to a behavioral weight loss treatment program enhances weight loss and 

improvements in biomarkers. Patient Prefer Adherence [Internet] 2009;3:151-
60. Available from: http://pubmedcentralcanada.ca/picrender.cgi?accid=P-
MC2778406&blobtype=pdf. DOI: 10.2147/PPA.S5802

21.	 NIH. Clinical Guidelines on Identification, Evaluation, and Treatment of Over-
weight and Obesity in Adults. Natl Institutes Heal Publ 1998;98-4083.

22.	 Papazoglou D, Augello G, Tagliaferri M, Savia G, Marzullo P, Maltezos E, et 
al. Evaluation of a multisensor armband in estimating energy expenditure in 
obese individuals. Obes (Silver Spring) 2006;14(12):2217-23. DOI: 10.1038/
oby.2006.260

23.	 Dapcich V, Salvador Castell G, Ribas Barba L, Pérez Rodrigo C, Aranceta Bar-
trina J. Healthy Eating Guide. Serra Majem Ll.; 2004.

24.	 Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK. 
Appropriate Physical Activity Intervention Strategies for Weight Loss and 
Prevention of Weight Regain for Adults. Med Sci Sport Exerc [Internet] 
2009 [cited 2018 Nov 2];41(2):459-71. Available from: https://insights.
ovid.com/crossref?an=00005768-200902000-00026. DOI: 10.1249/
MSS.0b013e3181949333

25.	 Zapico AG, Benito PJ, González-Gross M, Peinado AB, Morencos E, Romero B, 
et al. Nutrition and physical activity programs for obesity treatment (PRONAF 
study): methodological approach of the project. BMC Public Health [Internet] 
2012;12(1):1100. Available from: http://bmcpublichealth.biomedcentral.com/
articles/10.1186/1471-2458-12-1100. DOI: 10.1186/1471-2458-12-1100

26.	 Laskey MA. Dual-energy X-ray absorptiometry and body composition. Nutrition 
1995;12(1):45-51. DOI: 10.1016/0899-9007(95)00017-8

27.	 Plank LD. Dual-energy X-ray absorptiometry and body composition. Clin Nutr 
Metab Care 2005;8(3):305-9. DOI: 10.1097/01.mco.0000165010.31826.3d

28.	 Svendsen OL, Haarbo J, Hassager C, Christiansen C. Accuracy of measure-
ments of body composition by dual-energy x-ray absorptiometry in vivo. Am J 
Clin Nutr 1993;57(5):605-8. DOI: 10.1093/ajcn/57.5.605

29.	 Ravussin E, Lillioja S, Anderson TE, Christin L, Bogardus C. Determinants of 
24-hour energy expenditure in man. Methods and results using a respiratory 
chamber. J Clin Invest [Internet] 1986;78:1568-78. Available from: http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC423919/pdf/jcinvest00111-0160.
pdf. DOI: 10.1172/JCI112749

30.	 Chaston TB, Dixon JB, O’Brien PE. Changes in fat-free mass during significant 
weight loss: a systematic review. Int J Obes 2007;31:743-50. DOI: 10.1038/
sj.ijo.0803483

31.	 Durrant ML, Garrow JS, Royston P, Stalley SF, Sunkin S, Warwick PM. Factors 
influencing the composition of the weight lost by obese patients on a reducing 
diet. Br J Nutr 1980;44:275-85. DOI: 10.1079/BJN19800042

32.	 Marks BL, Rippe JM. The importance of fat free mass maintenance in weight 
loss programmes. Sport Med 1996;22:273-81. DOI: 10.2165/00007256-
199622050-00001

33.	 Stiegler P, Cunliffe A. The Role of Diet and Exercise for the Maintenance of 
Fat-Free Mass and Resting Metabolic Rate During Weight Loss. Sport Med 
2006;36(3):239-62. DOI: 10.2165/00007256-200636030-00005

34.	 Hall KD. Predicting metabolic adaptation, body weight change, and energy 
intake in humans. Am J Physiol Endocrinol Metab 2009;298:E449-66. DOI: 
10.1152/ajpendo.00559.2009

35.	 Rosenbaum M, Ravussin E, Matthews DE, Gilker C, Ferraro R. A comparative 
study of different means of assesing long-term energy expenditure in humans. 
Am J Physiol 1996;R496-504. DOI: 10.1152/ajpregu.1996.270.3.R496

36.	 Rosenbaum M, Vandenborne K, Goldsmith R, Simoneau JA, Heymsfield S. 
Effects of experimental weight perturbation on skeletal muscle work efficien-
cy in human subjects. Am J Physiol 2003;285:R183-192. DOI: 10.1152/
ajpregu.00474.2002

37.	 Larson-Meyer DE, Redman L, Heilbronn LK, Martin CK, Ravussin E, Team 
TPC. Caloric Restriction with or without Exercise: The Fitness vs. Fat-
ness Debate. Med Sci Sport Exerc 2010;42(1):152-9. DOI: 10.1249/
MSS.0b013e3181ad7f17

38.	 Hunter GR, Brock DW, Byrne NM, Chandler-Laney PC, Del Corral P, Gower BA. 
Exercise Training Prevents Regain of Visceral Fat for 1 Year Following Weight 
Loss. Obesity [Internet] 2010;18(4):690-5. Available from: http://doi.wiley.
com/10.1038/oby.2009.316. DOI: 10.1038/oby.2009.316

39.	 Hunter GR, Fisher G, Neumeier WH, Carter SJ, Plaisance EP. Exercise Train-
ing and Energy Expenditure following Weight Loss. Med Sci Sport Exerc 
2015;47(9):1950-7. DOI: 10.1249/MSS.0000000000000622

40.	 Hunter GR, Byrne NM, Sirikul B, Fernández JR, Zuckerman PA, Darnell 
BE, et al. Resistance Training Conserves Fat-free Mass and Resting Ener-
gy Expenditure Following Weight Loss. Obesity [Internet] 2008 [cited 2018 
Feb 16];16(5):1045-51. Available from: http://doi.wiley.com/10.1038/
oby.2008.38. DOI: 10.1038/oby.2008.38


