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1. Introduction 

Body weight is ultimately determined by energy homeostasis, a complex process of 

regulation. Homeostasis is one of the greatest challenges for understanding the etiology, 

treatment and prevention of obesity (Hill, 2006). The high rate of weight regain in 

individuals who undergo weight loss treatments is proof of this (Melo et al., 2008). Even 

among morbidly obese individuals submitted to more radical treatments, such as surgery, 

weight regain sometimes occurs [Fogaça, 2009]. In this sense, energy intake and expenditure 

assessments represent extremely important factors, both for studies and as an aid in the 

process of caring for the obese.  

Given the premise that all obesity treatment methods are based on reducing food intake and 

increasing energy metabolism, the present chapter intends to discuss the variables in the 

energy balance equation using the results from works of the research group Bariatric Surgery 

and Metabolism of Paulista State University – UNESP, Campus Botucatu, São Paulo, Brazil, 

and of the Bariatric C.inic of Piracicaba, São Paulo, Brazil, as reference. Components of 

energy metabolism and indirect calorimetry will be discussed.  

Indirect calorimetry is a reference method that has been used for almost 100 years for 

measuring energy intake in humans during resting or physical activity. Studies using 

indirect calorimetry allow assessing the effects of energy intake, physical activity and 

other factors involved in the energy metabolism on the total body mass of obese 

individuals or its compartments. Here, indirect calorimetry was used to assess the 

agreement between itself and prediction formulas, to discuss the effects of food restriction 

and to assess energy intake underreporting by obese women submitted to food intake 

surveys. Indirect calorimetry data also allow one to discuss the effects of weight loss and 

body mass index on energy expenditure and biochemical indicators of glucose and fat 

metabolism. These studies allowed the elucidation of some energy metabolism 

particularities of individuals who undergo bariatric surgery, as well as the proposition of 

some hypotheses for new studies.  
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2. Energy expenditure and food restriction 

Daily total energy expenditure (TEE) is the term used for defining the amount of energy 
necessary for an organism to perform its vital functions and activities of daily living. TEE 
consists of the resting energy expenditure (REE), which is the energy used by the body 
during rest, that is, in bed, under comfortable environmental conditions (60-75% do TEE), by 
food-induced thermogenesis, which is the heat effect of foods (5-15% do GET) and by 
energy spent on physical activities, considered the most variable component of the TEE and 
which can contribute to a significant amount  of the energy spent by very active individuals 
(Meirelles & Gomes, 2004, Prentice, 2007).    

Indirect calorimetry is a noninvasive technique used to measure the volume and 
concentration of the gases inhaled by the lungs and allows the calculation of the amount of 
oxygen (O2) consumed and the production of carbonic gas (CO2). These values may stem 
from the baseline energy expenditure (BEE), the REE and the respiratory quotient (RQ), 
given by the equation: exhaled CO2 /inhaled O2 (Simyrnios & Curley, as in Rippe et al., 
1996). There is a difference between BEE and REE. The BEE corresponds to the energy 
expenditure that occurs during a 12- to 14-hour fast and with the individual resting in the 
supine position, awake and immobile, under comfortable environmental conditions. This 
standardized metabolic state corresponds to the situation in which foods and physical 
activity have the least influence on metabolism (Institute of Medicine, 2005). Meanwhile, 
REE is obtained while the individual is awake in the supine position and includes the 
energy used during awakeness plus the energy used for food metabolism, or thermogenesis 
(Institute of Medicine, 2005). Both BEE and REE are influenced by gender, age, nutritional 
status and endocrine problems.  

Thermogenesis, or thermal effect of foods, corresponds to the increase in energy expenditure 
after food intake for digestion to occur and for the substrates to be transformed and stored. 
It represents roughly 5 to 10% of the TEE (Institute of Medicine, 2005; Prentice, 2007). 
Thermogenesis intensity and duration are determined primarily by the amount and 

composition of the foods consumed (Flatt, as cited in Bray, 1978). The use of proteins 

demands more energy than the use of carbohydrates, which demands more energy than the 
use of fats (Institute of Medicine, 2005, 1998, Larson et al., 1995). High-fat diets promote a 
low RQ. For carbohydrates, the RQ equals 1.00; for proteins, 0.82; and for fats, 0.70. For 
mixed diets, the RQ of 0.85 is usually used (Rosado & Monteiro, 2001).    

Physical activity is the most variable component of energy expenditure, varying both from 
individual to individual and from one day to the next. In inactive individuals, it represents 
roughly 15% of the TEE, while in active individuals it may exceed 30% of the TEE (World 
Health Organization, 1998). Physical activity can lead to steep increases in TEE because of 
the energy cost to perform the exercise and to recover from the exercise, or in the long-term, 
by changing the REE by increasing the amount of lean mass (Hill et al., 1995). The level of 
physical activity is commonly described as the ratio between TEE and REE (TEE:REE). This 
ratio is known as the level of physical activity level (PAL) and is used to asses physical 
activity habits as a component of daily energy expenditure (Institute of Medicine, 2005). 

The doubly-labeled water with deuterium and oxygen-18 technique, although less 
accessible, has been used increasingly for TEE assessment. The method, based on the 
principle of isotope dilution, consists in the ingestion of water containing ²H2O and H218O. 
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The labeled elements are then measured in organic fluids, namely blood and urine. The 
equations for predicting the energy requirements proposed by the Institute of Medicine 
(2005) in the Dietary Reference Intakes (DRI) stemmed from studies using doubly-labeled 
water in normal weight, pre-obese and obese populations. Studies with doubly-labeled 
water have made the generalized low-metabolism hypothesis associated with obesity less 
evident.  

Many researchers have observed that obese individuals, contrary to the expected, present a 
high REE, that is, their metabolic rate is not low (Das et al., 2004; Prentice, 2007). Obese 
individuals present a higher amount of lean mass, the main REE determinant (Prentice et al., 
1986; Prentice, 2007; Ravussin et al., 1986). The occurrence of less energy expenditure in 
other components of the energy metabolism has also been studied in obese individuals. 
Danforth (1985) noticed reduced thermogenesis from foods. Other authors have showed that 
REE is influenced by regular physical activity, diet, blood pressure, as well as hormones and 
cytokines (Trayhurn et al., 1995;   Hardie et al., 1996). Genetic predisposition must also be 
considered a determinant of energy expenditure.  

Many genes of the molecular components of physiological systems that regulate energy 
balance are involved in obesity (Duarte et al., 2007; Yurtcu et al., 2009). Examples of this are 
the polymorphisms found in genes of the uncoupling proteins 2 and 3 (UCP2 and UCP3) 
and in leptin receptors (LEPR) (Jacobson et al., 2006). Polymorphism Gln223Arg of the gene 
LEPR, for example, has already been associated with obesity in a sample of the Brazilian 
population, and it presented a strong association with body mass index – BMI (Duarte et al., 
2007). Studies with rats show that leptin can reduce adiposity both by promoting changes in 
eating habits and by increasing energy expenditure (Halaas et al., 1995). Ghrelin, a gastric 
peptide involved in the regulation of satiety and oxidation of energy substrates, is of interest 
for genetic studies on the weight loss mechanisms promoted by bariatric surgery (Marzullo 
et al., 2004). The regulation of ghrelin effects on hypothalamic neurons has been suggested 
as the most important mechanism by which leptin controls energy intake and body weight 
(Sahu, 2004).  

In some people, low energy expenditure could be explained by adaptive thermogenesis, which 
would occur naturally or as a consequence of dietary restrictions. There is evidence that low 
energy intake is a predictor of weight gain and that, in individuals who undergo weight loss 
therapies, decreased REE is associated with weight regain over time (Doucet et al. 2000). In this 
sense, food restriction promotes adaptive physiological mechanisms that serve as a defense of 
the body to maintain body weight, resulting in less energy expenditure (Negrão & Licino, 
2000). Hence, food restriction produces weight loss under adaptive conditions. The Institute of 
Medicine (2005), in the energy DRI assumes a reduction of 7.2 Kcal for each lost gram, which 
corresponds to 16.6 Kcal of TEE reduction at each kilogram lost. Furthermore, it considers a 
reduction of 8.4% of the TEE after 10 weeks of food restriction because of the adaptation to 
food restriction. In our studies, we have observed that in fact there is not a linear relationship 
between energy intake and body weight homeostasis. As shown by Figure 1, there is no 
correlation between total dietary energy and weight loss among obese women but there is a 
weak correlation between the reduced proportion of the total energy (TE) intake. This shows 
how relevant it is to personalize the diet plan considering the adaptation of the energy 
metabolism to restrictive diets. Caution is also warranted when prescribing excessively 
restrictive diets. Another relevant finding of our study group that corroborates this statement 
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was that there is a negative correlation between the reported number of attempts of losing 
weight and the resting energy expenditure measured by indirect calorimetry, assessed in 100 
women in the waiting line for bariatric surgery.   
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Fig. 1. Correlation between the absolute value (left) and the proportion of reduction of the 
habitually consumed energy in obese women after 2 months of a low-calorie diet (n = 28). 
SPEARMAN and RANK tests, with probability considered significant when p < 0.05. 

In studies done in the region of Piracicaba, São Paulo, Brazil (Dallemole, 2006; Souza, 2006; 
Fogaça, 2009) with women recruited from the general population and those who had 
undergone bariatric surgery, as shown in Chart 1, energy expenditure increases with body 
weight. However, in relative terms, there is less energy expenditure by unit of weight as 
weight increases. Operated women present absolute and relative REE lower than the other 
women.  

Since the first equation proposed by Harris and Benedict in 1919, many equations to predict 
REE were developed based on indirect calorimetry, and also to estimate TEE by combining 
the expenditure with physical activities with REE. The formulas used for predicting energy 
requirements have been widely used in clinical practice.  

A cross-sectional study was done by our group with 51 women aged from 28 to 61 years 
submitted to banded or not bariatric surgery (Roux-en-Y gastric bypass, RYGB) 5.1±1.7 
years before the study, all of them with stable weight. The measured REE was confronted 
with the values of the respective predictive equations obtained from regression studies in a 
number of different populations (Harris & Benedict, 1919; Schofield, 1985; Food and 
Agriculture Organization, World Health Organization & Organização das Nações Unidas, 
1985; Owen et al., 1986; Mifflin et al., 1990, Luis et al., 2006). When the measurements were 
compared (Figure 2), the values obtained by indirect calorimetry were below those obtained 
by the equations, and when the results were organized in increasing order of the value 
obtained by calorimetry (Figure 3), there was great similarity in the behavior of the lines 
constructed with the sequence of the results of the equations, but they diverged from those 
constructed with the results of calorimetry. Thirty-one (77.5%) women presented a median 
REE measured by indirect calorimetry below the REE estimated by the Harris & Benedict 
(1919) equation, indicating some women in the group had low metabolism. Weijs & Vansant 
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(2010) assessed 27 prediction equations in relation to the indirect calorimetry data from 
Belgium women and concluded that more specific equations are necessary for women 
whose BMI > 30 Kg/m2.  
 

Population 
BMI 

Kg/m2 
n 

REE 
Mean±SD

REE/BW 
Mean±SD 

Reference 

Surgery-naive 

< 25 22 1216±214 22±3 Dallemole, 2006 

25-30 11 1322±212 23±3 Dallemole, 2006 

30-35 13 1425±167 19±3 Dallemole, 2006 

> 35 35 1600±430 16±4 Souza, 2006 

Before and 3 months 
after surgery 

46±6 21 2006±376 17±4 Cesar et al., 2008 

39±6 21 1763±310 18±3 César et al., 2008 

2 or more years after 
surgery 

< 30 18 1046±264 15±4 Fogaça, 2009 

> 30 27 1270±252 15±3 Fogaça, 2009 

Chart 1. Energy expenditure determined by indirect calorimetry in women recruited in 
Piracicaba, São Paulo, Brazil.  

 

Fig. 2. Comparison of the resting energy expenditure measured by indirect calorimetry 
(IC) and estimated by different equation in women after two years of bariatric surgery 
(HB= Harris & Benedict; p<0.01 means compared with ANOVA; *p<0.01 others compared 

with the Tukey test; **p<0.05 in the comparison with FAO 1 and Luis by the Tukey test). 

The metabolic state can be classified as normal, high or low, by comparing the measured REE 

with the estimated REE according to the mean of a reference population, using a variation 

coefficient of 15% (Food and Agriculture Organization, World Health Organization & 

Organização das Nações Unidas, 1985). In this sense, very low REE values deserve better 

investigations regarding adaptation to metabolic restriction after bariatric surgery.  

These equations are based on body mass, height, age, gender and specific body composition 
markers, such as body surface area, lean mass, fat mass, total body potassium, among others 
(Rocha et al., 2005). The equations have been used in underweight, overweight, obese and 
morbidly obese individuals and also in those with specific diseases. However, interpersonal 
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variation shows that much caution is necessary for estimating REE by the existing prediction 
equations, since it has been shown that they do not always estimate REE correctly 
(Frankenfield  & Yousey, 2005) resulting in errors when estimating the energy requirements 
of individuals and populations (Duarte et al., 2007). More studies are necessary to state if the 
proportion of women with low metabolism who underwent bariatric surgery was in fact 
greater than that of the surgery-naive population, obese or otherwise, since there are not 
enough data from the population who lives in the same environmental conditions as that of 
the present study.  

Although much has been done since Harris & Benedict (1919), the current formulas for 
estimating REE and TEE (that takes into account the energy spent in physical activities) are 
very limited and tend to overestimate the results.  

 

Fig. 3. Illustration of the resting energy expenditure, in increasing order, measured by 
indirect calorimetry (IC), in relation to that estimated by different equations among women 
two years or more after bariatric surgery (n=51). 

3. Energy intake 

One of the most challenging aspects of the science and practice of nutrition and dietetics is 
the measurement of energy and nutrient intakes, given the limitations of the methods to 
correctly measure food intake (Subar et al., 2006). Dietary surveys are used as indirect 
methods for assessing nutritional status. However, these instruments are subject to mistakes 
inherent to the individual and data analysis and use (Beaton, 1994; Slater et al., 2004). 
Individual quantitative and qualitative food intake may be estimated by different diet 
survey methods. There are retrospective methods where individuals recall the foods they 
have eaten, such as the Food Frequency Questionnaire (FFQ) and the 24-hour Recall (24hR). 
And the methods in which the individual records, when he eats, all the foods he ate, thereby 
creating a food diary (Gibson, 2005). 

Intraindividual error sources, because of the variability of the food intake pattern, or 
interindividual error sources, stemming from the distribution of the population’s 
requirements, together with a small number of days of observation, have a great impact on 
the reliability of food intake data analysis (Nusser et al., 1996). Hence, intake assessment 
studies will always be reporting the apparent intake of the individual and not the real 
intake, but they can be statistically adjusted to approximate the actual intake (Institute of 
Medicine, 2005).   
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Possible error sources can distort information about food intake, such as the perception of 
what is eaten, the interviewee’s memory, the effects stemming from age, gender and 
interview environment, daily diet variation and seasonality, submission to data collection 
can affect the intake pattern and veracity of the information, the ability of the interviewer to 
obtain information and the disposition to collaborate with the investigation (Witschi, as in 
Willett, 1990). Practically, all dietary assessment studies are based on self-reporting of food 
intake, which can be biased, resulting in under- or overreporting of real energy intake (Black 
et al., 1991; Black, 2000), being able to seriously distort the interpretation of the study results 
(Rennie et al., 2006).   

Underreporting has been associated with a number of different individual characteristics, 
including gender, body mass index, age, ethnicity, race, smoking, education level, social 
class, depression and physical activity (Johansson, et al., 2001; Scagliusi, et al., 2003;  
Scagliusi et al., 2008; Maurer et al., 2006, Maurer et al., 2008; Mendez et al., 2011). The desire 
to be socially accepted and body dissatisfaction have also been associated with 
underreporting of food intake (Tooze et al., 2004; Maurer et al., 2006; Scagliusi, 2007). Excess 
weight may be one of the greatest determinants of subnotification (Johansson et al., 2001; 
Johnson, 2002; Huang, et al., 2005; Bazanelli et al., 2010).  

In individuals who are in energy balance, energy intake should correspond to the TEE. 
Thus, the doubly labeled water can be used to validate the energy obtained through dietary 
surveys. However, this method is unviable in large studies because of its cost and because it 
is technically challenging for use in routine validation of energy intake (Schoeller, 1999; 
Livingstone & Black, 2003).  

As an alternative, other methods for identifying underreporting can be used, such as the 
comparison between reported energy intake (EIrep) with TEE, when both are expressed in 
multiples of the REE, using a confidence interval for statistically comparing EIrep:REE with 
the level of PAL. During weight stabilization, EIrep:REE theoretically is equal to TEE:REE. 
The ratio TEE:REE is also known as PAL, then the equation may be rewritten as EIrep:REE = 
PAL (Goldberg, et al., 1991). 

As described by Black 2000, the cut-off point of the ratio EIrep:REE should be calculated for 
the group being studied, since below this level it is statistically unlikely that the mean 
energy intake reported represents the real consumption, according to the equation below:  

min

(S /100)
Cut off point  PAL  exp [ SD    ] 

  n
   


 

Where SD is the standard deviation. When 95% of the confidence interval is used (SD min =-2) 
or 99.7% (SD min = - 3); n is the number of individuals in the study, but when this formula is 
used to individually detect underreporting, n=1. S is the factor that takes into consideration 
the variation of all components of the equation and is given by: 

   
2

EIrep 2 2
REE PAL

CV
S CV   CV

d

  
    
    

 

Where VCEIrep is the intra-individual energy intake variation coefficient; d is the number of 
days that the survey was administered; VCREE is the intra-individual variation coefficient of 
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repeated REE measurements and CVPAL is the intra-individual variation coefficient of the 
level of physical activity.  

Recently, other authors (Huang, 2005; Mendez, et al., 2011), assessed the underreporting 

phenomenon comparing EIrep with estimated TEE using the DRI equations (Institute of 

Medicine, 2005), adjusting the intra-individual variation of the equation components. The 

cut-off point is calculated for the study group in percentage (%EI:TEE). 

 

Energy and macronutrients 

Before surgery 
n=37 

After surgery 
n=35 p 

median 25% 75% median 25% 75% 

Energy (Kcal) 2780 1037 6338 1346 673 2981 0.000 

Carbohydrates (g) 320 115 1031 166 68 428 0.000 

Fats (g) 110 28 395 51 20 104 0.000 

Proteins (g) 104 38 302 51 15 89 0.000 

Energy distribution 

Carbohydrates (%) 50 28 72 51 38 61 0.387 

Fats (%) 38 14 56 34 25 49 0.034 

Proteins (%) 16 9 23 15 8 25 0.226 

p = Mann Whitney test used for comparing energy and macronutrient intakes before and after surgery 

Table 1. The energy and macronutrient intakes of women before surgery and two or more 
years after surgery, Pircacicaba-SP, Brazil. 

 

 
Mean Standard

deviation
Median First Quartile 

(25%) 
Third Quartile 

(75%) 

EIrep 1428 523 1334 1147 1678 

ER 2786* 524 2812 2389 3036 

Harris&Benedict (1919) 1445* 152 1445 1376 1604 

REE 1188 276 1209 1023 1376 

PALest 1,45 0,22 1,42 1,28 1,56 

EIrep :REE 1,27 0,57 1,08 0,86 1,66 

EIrep = reported energy intake, ER = estimated energy requirement, REE = measured resting energy 

expenditure, PALest = estimated level of physical activity.   

*p<0.000 in the paired t-test between EIrep and ER and between Harris & Benedict (1919) and REEmeasured.  

Table 2. Energy intake and expenditure variables in women more than two years after 

bariatric surgery (n=40). 

Among the bariatric patients we studied, mean reported energy intake before surgery 
corresponds to half the intake reported after surgery (Table 1). In the comparison, the 
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proportion of macronutrients in the energy of the diet varied little. The operated women 
consumed a fat proportion in the daily intake a little smaller than those in the waiting line 
for surgery. Those in the waiting line for surgery reported consuming a fat proportion above 
the recommended proportion (Institute of Medicine, 2005), while the operated women 
reported consuming a proportion close to the upper limit. About the data presented by 
Table 1, one may ask how much they correspond to reality based on the analysis presented 
by Table 2 given the discrepancy between the measured expenditure and reported intake. 
The data presented in Table 1 were obtained from 24-hour recalls on nonconsecutive days, 
one of the days being on a weekend. The data in Table 2 stem from indirect calorimetry, and 
the total energy requirement was calculated by the DRI formula (Institute of Medicine, 
2005). Among these women, the EIrep:REE and PAL values that, in theory should agree, 
present only a small correlation (Figure 4)  

Our data (Table 2 and Figure 3) show that energy intake divided by resting energy 
expenditure (EIrep:REE) was not compatible with the level of physical activity (PALest) of the 
studied population. On the other hand, this can be explained by overestimating the reported 
physical activity which composes the PALest calculation. It may also be related to a 
substantially greater energy intake than that reported. Although one may not expect 
absolute agreement on this datum, since there are measurement errors in all elements of the 
equation (EIrep:REE = PAL). The fact is that the studied women were in a stable weight 
condition and reported consuming half the estimated energy requirement (RE). This leads 
us to the generalization that the scale is still the best instrument for assessing the adequacy 
of energy intake. That is, if the individual is involuntarily gaining weight, it is because he is 
consuming more energy than he needs. However, it is not convenient to give up trying to 
solve this difficult issue, which is to know the values of the two sides of this balance, which 
for now remain obscure. This information can help to explain, for example, weight recovery 
after bariatric surgery, which, in most cases, is accompanied by intake underreporting.  

 

Fig. 4. Correlation between the estimated level of physical activity (PALest) and the ratio 
Energy Intake/Resting Energy Expenditure (EIrep/REE) in women more than two years 
after bariatric surgery (n=40).  

4. Body mass 

There is a consensus that lean mass (LM) is the greatest determinant of energy expenditure, 
since it is metabolically more active than fat mass (Ravussin et al., 1986). Meanwhile, the 
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differences in the volume of fat mass (FM), age and gender would have little effect on 
energy expenditure (Ravussin et al., 1986). Much has been discussed if an REE reduction 
could precede obesity; however, some researchers have rejected this hypothesis (Prentice, 
2007). On the contrary, obese individuals present a high REE, that is, they do not have a low 
metabolism (Das et al., 2004; Hams et al., 2009; Prentice, 2007). This may occur because these 
individuals present a greater amount of lean mass, main determinant of the REE (Prentice, 
2007; Prentice et al., 1986; Ravussin et al., 1986). Libel et al.  (1995) assessed the energy 
expenditure during 24 hours and the REE in obese individuals and individuals who had 
never been obese in their habitual weights; after gaining 10% of the body weight by 
consuming a hypercaloric diet; or after losing 10 to 20% of the body weight by consuming a 
hypocaloric diet. They found that energy expenditure changed in both groups, of obese and 
nonobese individuals, after the change in the body weight. A 10% increase or reduction in 
habitual body weight causes an increase or reduction, respectively, of 15% in the 24-hour 
energy expenditure corrected for body weight. They also verified that TEE presented a 
positive correlation with LM and FM. The positive correlation between the total body mass 
of obese individuals and TEE has been explained by the increase in energy necessary for 
moving this mass (Institute of Medicine, 2005). 

Reduction of LM associated with weight loss is also discussed, and that the reduction of LM 
would result in a reduction of TEE, thus the importance of exercising during weight loss. 
Tamboli et al. (2010) found a LM loss in the order of 27.8% one year after Roux-em-Y gastric 
bypass and associated this loss with the reduction of the TEE of these patients. In another 
study done in obese individuals after weight loss, concomitantly with REE reduction, there 
was a significant reduction of LM (Hill et al., 1987). 

Active individuals present a significantly higher REE than inactive individuals of the same 
weight (Matzinger et al., 2002). There is the hypothesis that this occurs because of the 
amount of LM, which is greater in active individuals (Tappy et al., 2003). The REE 
differences in body weight in many individuals like men, women or athletes normally 
disappear when REE is considered in relation to LM (Institute of Medicine, 2005).   

Based on these studies it is possible to verify that body composition, especially LM, 
significantly affects REE and TEE, both in obese and nonobese individuals. Current 
knowledge allows us to state that there is little difference between energy expenditure by 
unit of body mass of an underweight individual and an obese individual, but there is 
individual variation in the energy expenditure by unit of body mass of individuals in 
general, which in practice limits the use of formulas that predict energy requirement. In 
relation to surgery, studies that use more sensitive methods are needed to confirm the 
hypothesis that the REE adjusted for LM after surgery does not decrease, by adaptation or 
modification mechanisms of body composition in LM no matter how long after surgery.  

Type of fat tissue also appears to have a strong influence on energy expenditure. White fat 
tissue, in addition to working as a primary site for energy storage, produces a series of 
substances that act on many places of the body, modulating the general metabolism. Excess 
white fat tissue results in obesity. Meanwhile, brown fat tissue is highly specialized and is 
capable of regulating energy expenditure by adaptive thermogenesis. This process depends 
on UCP-1 expression (Cinti et al., 1997). White fat tissue is responsible for most of the leptin 
produced (Cinti et al., 1997), although the action of this peptide occurs in the hypothalamus, 
which is where most of its receptors are found (Schwartz et al., 1996). 
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The total LM in the body is the factor that is most closely associated with leptin 

concentrations in the blood and so BMI, which is an indirect measurement of body fat, is 

also strongly and positively associated with the concentration of circulating leptin 

(Considine et al., 1996; Jeon et al., 2003; Kennedy et al., 1997). In a study done by our 

research group, the positive correlation between BMI and serum concentration of leptin 

was confirmed (Figure 5). This study assessed 45 women, of which 27 had less than 10% 

of weight regain 2 or more years after surgery and 18 presented an appropriate weight 

loss.  

Another theme of interest relative to body composition is the role of FM by itself on the 

improvement of the comorbidities associated with obesity. Lowering of blood glucose 

(improvement of diabetes) in morbidly obese individuals after surgery occurs even before 

an important weight loss has been achieved and has been attributed to the modulation of 

the gastrointestinal hormonal response which acts in the recovery of the first phase of 

insulin secretion and improves its peripheral resistance (Polyzogopolou et al., 2003; 

Cummings et al., 2004). The important association of BMI with insulin and leptin 

concentrations in nondiabetic operated women (Figure 5) confirms the relevance of body 

weight reduction and maintenance for obtaining benefits after surgery. There was also a 

correlation of BMI with glucose concentration in women in the late postoperative period. 

Among the biochemical markers of lipid metabolism, an association between the 

concentrations of serum triglycerides with BMI was found, but not with total cholesterol 

and its fractions. The reduction of serum leptin that accompanies the reduction in body 

weight after bariatric surgery was inversely associated with the secretion of VLDL in studies 

of particle kinetics (Magkos, 2010), showing that the triglyceride metabolism has an 

important relationship with BMI.  

 

Fig. 5. Correlation of the serum leptin concentrations and insulin with body mass index 

(BMI) in women in the late postoperative period after Roux-en-Y gastric bypass (n=41, 

r=0.729; R2=0.531; p = 0.000), (Fogaça, 2009). 

Finally, an aspect of great relevance associated with obesity and insulin resistance is the 

distribution of body fat. Not all obese individual are insulin-resistant, and it has been shown 

that predominantly abdominal obesity is more strongly associated with insulin resistance. 

Inflammation of the omental adipose tissue is an important determining factor of insulin 

resistance (Hardy, 2011).   
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5. Conclusions 

Energy balance is determined by energy intake and expenditure variables. Among the energy 
expenditure variables, REE and the expenditure with physical activities are responsible for 
roughly 90% of the TEE. Based on calorimetry studies, we have noticed that there is an 
important interpersonal variation in REE of women submitted to bariatric surgery. To know 
the magnitude of the effect of surgery on REE, we are conducting a prospective study to assess 
the interpersonal variation before surgery and after different lengths of postoperative time. 
Another aspect that needs to be better elucidated is the magnitude of the effect of physical 
exercise on REE in different lengths of postoperative periods.  

In the energy requirement assessment, the use of prediction REE formulas does not seem 
adequate for the bariatric population and should be done with caution.  

Physical activity is an important component of total energy expenditure and TEE 
assessment depends on precise information regarding the type and duration of each activity. 
As the energy intake registry, the registry of physical activity must be detailed and as close 
as possible of the real energy intake. This is a challenging task since among the obese, 
overestimation of the reported intake usually happens.   

If, on the one hand, physical activities are usually overestimated, on the other hand, and more 
strikingly, food intake reports are usually underestimated. Among obese women, intake 
reports can be below the REEmeasured, which is completely implausible. This observation 
challenges us in the development of more appropriate methods to assess food intake.  

BMI is an important indicator of the result of bariatric surgery and more studies are 
necessary on the effects of the distribution and type of body fat and the surgery results on 
the comorbidities associated with obesity.  
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