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Background: The objective of this study was to evalu-
ate changes in resting energy expenditure (REE), body
composition and metabolic parameters, and to inves-
tigate predictors of the results in seriously obese
patients after Roux-en-Y gastric bypass (RYGBP).

Methods: 31 patients (BMI 44.4 ± 4.8 kg/m2; 27
female, 4 male; 37.3 ± 11.1 y) were evaluated at base-
line and 6 months after RYGBP. Weight, REE, waist
circumference (WC), fat mass (FM) and fat-free mass
(FFM), physical activity, food intake, fasting glucose
(GLU), insulin (INS), HOMA-IR and lipid concentra-
tions were measured.

Results: At 6 months, percentage of weight loss
(%WL) was 29.0 ± 4.4% and percentage of excess
weight loss was (%EWL) 59.7 ± 12.3%. FM loss corre-
sponded to 77.1 ± 12.2% of the weight loss. REE
decreased from 33.4 ± 4.1 to 30.1±2.6 kcal/kg FFM
(P<0.05). Significant decreases (P<0.001) were
observed in GLU, INS, HOMA-IR, LDL-cholesterol and
triglycerides. %EWL was correlated with baseline INS
(r=0.44; P=0.014), baseline HOMA (r=0.43; P=0.017),
change in %FM (r=0.67; P<0.001) and change in WC
(r=0.5; P<0.01). Decrease in REE/FFM (%) was posi-
tively correlated with baseline REE/FFM% (r=0.51;
P<0.005) and change in %FM (r=0.69; P<0.001). Initial
REE/FFM, baseline energy balance and FM change
explain 90% of REE/FFM decrease.

Conclusion: RYGBP was an effective procedure to
induce significant weight loss, fat mass loss and
improvement in metabolic parameters in the short
term. Metabolic adaptation was not related to FFM

wasting but to a higher baseline REE. Fasting hyper-
insulinemia was the best single predictor of weight
loss after RYGBP.

Key words: Resting energy expenditure, body composi-
tion, gastric bypass, morbid obesity, cardiovascular risk
factors, body fat loss

Introduction

Obesity is an illness of growing prevalence, which is
associated with an increase in morbidity and mortali-
ty.1,2 The prevalence of morbid obesity (body mass
index, BMI, ≥40 kg/m2) in adult Chileans, according
to the data in the first national health survey, are 2.3%
in women (8.4% of total obese women) and 0.2% in
men (1% of total obese men).3 In these patients,
bariatric surgery is considered the most effective
method to induce significant weight loss (~70% of
excess weight) that is maintained in the long term,
where the Roux-en-Y gastric bypass (RYGBP) is the
most recommended technique currently used. This
operation is associated with major improvement in co-
morbidities, psycho-social factors, eating behavior,
the level of physical activity and physical capacity.4,6

Some studies have investigated the potential fac-
tors that could predict better results in patients sub-
mitted to bariatric surgery, especially after RYGBP.
Among these, the initial excess weight and baseline
BMI, energy expenditure, presence of type 2 dia-
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betes or insulin resistance, postoperative nutritional
intake, level of physical activity, psychological ill-
ness and eating disorders have been mentioned.7-14

On the other hand, the maintenance of the long-
term weight loss depends on favorable changes in
eating habits, physical activity and nutritional
behavior,14-16 and on the absence of metabolic fac-
tors that predispose to regain of weight.15,17,18

The purpose of the present investigation was to
evaluate the magnitude of the changes in resting
energy expenditure (REE), nutritional intake, body
composition, level of physical activity and cardio-
vascular risk factors in patients submitted to a resec-
tional RYGBP. Also, we intended to detect metabol-
ic or behavioral parameters that could predict the
reduction in weight, the loss in body fat and the
improvement in cardiovascular risk factors. 

Subjects and Methods 

Subjects

We prospectively studied 38 adult patients (34
women and 4 men; age 36.3±10.5 y; age range 17-
58 y), with BMI ≥40 kg/m2 or BMI ≥35 kg/m2 with
co-morbidities, who underwent RYGBP in the
Department of Surgery of the University Hospital.
The average BMI was 44.0±4.5 kg/m2 (range 36.1-
59.4): 4 had a BMI between 35 and 39.9 kg/m2, 31
patients (81.6%) had a BMI between 40 and 49.9,
and 3 subjects presented a BMI ≥50 kg/m2.

All patients who agreed to enter the study signed
an authorized consent form. The study was
approved by the Ethics Committee for Human
Investigation of the University Hospital.

The surgical technique consisted of a 95% distal
gastrectomy, with resection of the bypassed stom-
ach, leaving a small gastric pouch of 15-20 ml.19

Then, an end-to-side gastro-jejunostomy with circu-
lar stapler No. 25 was performed. The length of the
Roux-loop was 125-150 cm. 

All patients underwent complete preoperative
evaluation. Prior to and 6 months after surgery, the
following evaluations were carried out in all
patients: anthropometry, food and physical activity
survey, REE, body composition analysis and evalu-
ation of cardiovascular risk parameters. 

Anthropometric and Food Intake Evaluations 

Weight was measured to the nearest 0.1 kg on a digi-
tal scale (Detecto), and height (m) was measured to
the nearest 0.1 cm with a scale-mounted stadiometer.
BMI (kg/m2) was calculated. Waist (WC) and hip
(HC) circumferences (cm) were registered according
to the procedures recommended by the Anthro-
pometric Standardization Reference Manual.20

Patients were interviewed by a dietitian who conduct-
ed a food frequency questionnaire, and 3-day records
were filled. The recorded data were analyzed using a
computer program (Food Processor II) to calculate
energy, protein, lipid and carbohydrate intake. 

Resting Energy Expenditure and Fasting
Respiratory Quotient 

Resting energy expenditure (REE) was measured by
open circuit indirect calorimetry using a ventilated
chamber system (Deltatrac, Datex Inst. Corp.,
Helsinki, Finland). Subjects were evaluated in the
morning, after a 12-h overnight fast with at least 30
minutes of supine rest in a thermo-regulated envi-
ronment (21-22˚C). After a resting period, O2 con-
sumption, CO2 production and respiratory quotient
(RQ) were measured during 15-20 minutes, and the
last 5-10 minutes were used to calculate REE, RQ,
and percentage of lipid oxidation. 

Body Composition

Total body water was measured by means of iso-
topic dilution with deuterium oxide (H2

18O).21

Saliva samples were analyzed in the Stable Isotope
Laboratory of the Nutrition Institute and Food
Technology of the University of Chile, for the meas-
urement of deuterium content by means of mass
spectrometry (HYDRA, Europe Scientific, Crewe,
UK). Applying the dilution method and calculating
the saliva isotope enrichment, after 3 hours of a dose
of 0.7 g/kg of 99.9% deuterium oxide, total body
water (liters) was calculated. Fat free mass (FFM,
kg), was calculated assuming a hydration coefficient
of 0.756 and 0.747, before and after surgery, respec-
tively, according to data obtained by Das et al22 in
morbidly obese patients using 3-compartment
analysis.22 Body fat (BF, kg) was obtained using the
difference between total body weight and FFM. 
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Physical Activity 

We applied a survey with regards to physical activi-
ty during leisure time and hours of viewed TV per
week.23 In 12 patients, heart rate was measured at 1-
min intervals during 24 hours in a free-living situa-
tion with a cardio-frequency monitor (Polar Vantage
NV, Polar Electro, Finland).24 The activity factor
was calculated as the average of activity heart rate
divided by the average of resting heart rate.

Parameters of Cardiovascular Risk 

Systolic and diastolic blood pressure were measured
in supine position after a resting period. Fasting
venous blood samples were obtained for the meas-
urements of glucose and lipid concentrations.
Plasma insulin was measured with a radioimmune-
assay kit specific for human insulin. Insulin resist-
ance index was calculated using glucose and insulin
fasting values according to the HOMA method
(Homeostasis Model Assessment). 

Statistical Analysis 

Results were expressed as mean ± standard devia-
tion. Paired t-tests were used for the comparison
between determinations before and after surgery.
Wilcoxon Signed Rank test was applied when vari-
ables did not show normal distribution. Single cor-
relations among variables were evaluated with the
Spearman coefficient of correlation. We developed
multivariate models by means of regression analysis
(Best Subsets Regression) between dependent and
independent variables for the purpose of finding the
best predictors of changes after surgery. All analy-
ses were developed with the statistical program,
Jandel Sigma Stat, version 2.0 (Copyright 1995,
Jandel Corp.) with a 5% (P<0.05) significance level.

Results 

The general characteristics and measurements of the
38 initial patients (34 women and 4 men) are summa-
rized in Table 1. In this sample, we found hypertension
in 15 patients, type 2 diabetes in 7 patients, glucose
intolerance in 5 patients, dyslipidemia in 19 patients,

and arthropathy in 21 patients. In 31 of the 38 patients,
we re-evaluated the REE, and in 30 of them we meas-
ured the body composition 6 months after the RYGBP. 

Body Composition

The average weight loss was 33.4 ± 7.6 kg (59.7 ±
12.3% EWL), with a decrease of 26.0 ± 6.9 kg of
BF and 7.8 ± 4.8 kg of FFM. Body fat correspond-
ed to 77.1 ± 12.2% of total weight loss. In Table 2,
preoperative and 6th month anthropometric and
body composition parameters are shown. In the sim-
ple regression analysis, percentage of initial weight
lost (%WL) had a significant positive correlation
with the initial fasting insulinemia (r=0.437, P
<0.05) and with HOMA index (r=0.427, P<0.05).
There was no significant correlation among %WL
and baseline parameters such as age, BMI, %BF,
FFM, WC, WC/HC ratio, REE and fasting lipid oxi-
dation. Weight loss had a significant correlation
with %BF reduction (r=0.674, P <0.001) and with
WC change (r=0.5, P <0.01), but not with FFM loss. 

Changes in Energy Metabolism 

REE decreased from 1845 ± 302 kcal/d to 1449 ±
215 kcal/d, with a mean decrease of 396 ± 157 kcal/d
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Table 1. Baseline demographics, anthropometrics,
body composition and energy metabolism charac-
teristics of patients before bariatric surgery (n= 38)

Variable Mean ± SD Range

Age (years) 36.3 ± 10.5 17 - 58
Body weight (kg) 114.9 ± 16.1 87.0 - 166.8
Excess weight (kg) 57.2 ± 12.9 33.9 - 95.2
BMI (kg/m2) 44.0 ± 4.5 36.1 - 59.4
Waist (cm) 121.4 ± 12.0 94 - 147
Hip (cm) 134.0 ± 9.8 114 - 169
Waist to Hip ratio 0.91 ± 0.08 0.73 - 1.13
Body fat (%)* 52.0 ± 5.3 41.2 - 60.8
TBW (L)* 41.9 ± 7.1 32.2 - 63.8
TBW (% of body weight)* 36.3 ± 4.0 32.2 - 44.5
REE (kcal/d) 1830.1 ± 295.9 1380 - 2750
npRQ 0.86 ± 0.07 0.74 - 1.05
Fat oxidation (%) 43.9 ± 19.6 0.0 - 81.4

BMI = body mass index; TBW = total body water measured by
deuterium dilution; REE = resting energy expenditure meas-
ured by indirect calorimetry; npRQ = non-protein respiratory
quotient measured by indirect calorimetry; *Body fat and TBW
were measured in 37 patients.



(P <0.001). Ratio of REE/FFM was reduced from
33.4 ± 4.1 to 30.1 ± 2.6 kcal/kg FFM/d (P <0.05),
with a mean reduction of 3.25 ± 3.63 kcal/kg FFM/d
(8.9 ± 9.8% of initial value). RQ decreased from
0.86 ± 0.06 to 0.82 ± 0.05 (P <0.05), and fasting
lipid oxidation increased from 43.9 ± 19.4% to 55.3
± 16.4% (P <0.05). Reduction in REE/FFM ratio did
not show significant correlation with %WL
(r=0.173, P=0.37), but showed a significant positive
correlation with the percentage of BF reduction
(r=0.522, P<0.01), and a negative correlation with
the percentage of FFM loss (r=-0.653, P <0.001).

The REE measured at 6 months postoperatively
was compared with those values obtained applying
the regression equation among REE and FFM before
surgery, in order to observe if REE was found to be
less than the expected value. The regression equation
for REE and FFM before surgery was the following: 

REE (kcal/d) = 926.1 + 17.2 x FFM (kg) 
(r=0.66, standard error estimation = 224.9 kcal, P<0.001).

In Figure 1, all values of REE 6 months after surgery
(except in one patient) were found below the regres-
sion line: therefore, lower than expected for the FFM. 

In the regression analysis, variability in preopera-
tive REE was best explained when fat mass and age
were included, along with FFM. The following
regression equation was obtained:
REE (kcal/d) = 654.1 + 20.6 x FFM (kg)+ 7.3 x BF (kg)-

10.3 x age (y) (r =0.80, standard estimation error =
185.6 kcal, P<0.001) 

This equation was applied to estimate REE of
patients 6 months after surgery and to compare it to
the measured REE, observing that the measured
value was 83.1 ± 123.6 kcal/d less than the value
calculated by formula (P <0.005), with a 95% con-
fidence interval for the difference estimation minus

measurement of -159.2 to 325.3 kcal/d. In Figure 2,
we observe a great dispersion of the difference
between estimated REE and measured REE, with an
increasing negative value as the measured REE
value increased (r=-0.37, P <0.05). In Figure 3, we
compared REE measured at 6 months after surgery
with the estimated REE using the regression equa-
tion developed in the preoperative state (with FFM,
FM and age as variables). In most patients, the
measured value was lower than that estimated by the
equation (r=0.806, P<0.001). The decrease of
REE/FFM as a percentage of baseline value, had a
significant positive correlation with the initial
REE/FFM (r=0.6, P <0.001), and with the percent-
age of body fat loss (r=0.69; P <0.0001). There was
no correlation in decrease of REE/FFM with age,
%WL, reduction of WC, changes in energy or pro-
tein intake, or variation in physical activity level. 
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Table 2. Changes in weight and body composition parameters (n=31)

Variable Baseline 6th month Change Change (%) P-value

Weight (kg) 115.4 ± 17.5 82.0 ± 12.3 -33.4 ± 7.6 -29.0 ± 4.4 <0.001
BMI (kg/m2) 44.4 ± 4.8 31.6 ± 4.1 -12.9 ± 2.3 -29.2 ± 4.7 <0.001
Body fat (%)* 51.6 ± 5.4 41.2 ± 6.2 -10.6  ± 4.6 -20.4 ± 8.8 <0.001
Body fat (kg)* 60.0 ± 11.3 34.0 ± 8.6 -26.0 ± 7.0 -43.4 ± 8.3 <0.001
Fat-free mass (kg)* 56.1 ± 10.2 48.0 ± 7.3 -7.8 ± 4.8 -13.4 ± 6.7 <0.001
Waist (cm) 121.2 ± 12.7 92.6 ± 10.6 -28.6 ± 8.1 -23.4 ± 5.8 <0.001
Hip (cm) 134.2 ± 10.2 110.3 ± 8.9 -27.5 ± 18.2 -18.2 ± 3.5 <0.001
Waist to Hip ratio 0.90 ± 0.08 0.84 ± 0.07 -0.06 ± 0.06 -6.8 ± 6.3 <0.001

BMI = body mass index; *body fat and fat-free mass were evaluated in 30 patients.
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Figure 1. Values of resting energy expenditure (REE) in
relation to fat-free mass (FFM) at 6 months after RYGBP
compared with the regression line of REE and FFM
before surgery [REE (kcal/d) = 926.1 + 17.2 x FFM (kg)].



Variations in Physical Activity 

An increase in scoring of the leisure time physical
activity questionnaire was found between the mean
value (± SD) of 10.0 ± 14.4 before surgery (range 0 -
72), and 23.5 ± 22.9 at 6 months postoperatively (P
<0.001). Also, TV hours per-week showed a decrease
from 19.1 ± 17.8 to 13.7 ± 10.5 (P <0.01). In 12
patients, the activity factor increased significantly from
1.25 ± 0.06 to 1.33 ± 0.11 (+ 6.5 ± 10.3%, P=0.041). 

Changes in Food Intake

In Table 3, variations in energy and macronutrient
intake between preoperative and the 6th postopera-
tive month are shown. At 6 months after RYGBP the
patients have maintained a significant deficit in their
energy intake with regards to the calculated energy
requirements. 

Variation in Cardiovascular Risk Parameters 

We observed a significant improvement in the val-
ues for blood pressure and metabolic parameters of
cardiovascular risk, except for HDL-cholesterol
whose increase did not reach statistical significance
(Table 4). Variation in all parameters (except HDL-
cholesterol), showed no correlation with %WL,
%BF reduction or WC reduction. The increase in
HDL-cholesterol showed a significant positive cor-
relation with the decrease in WC (r=0.43, P=0.02). 

Discussion 

Changes in Weight and Body Composition 

RYGBP is the most extensively performed operation
for morbid obesity. This procedure induces substan-
tial weight loss, essentially by reducing energy intake
and decreasing absorption of nutrients. In compari-
son with a purely restrictive method, RYGBP induces
a greater and long-lasting reduction of weight.4,26,27

In the present study, at 6 months postoperatively, we
observed a mean weight loss of 28.7% of the initial
weight, which corresponds to a 59.2% EWL. This
weight reduction is similar or greater than that
observed in other studies with short-term follow-
up.9,28 In the present study, the mean body fat loss
was of 26 kg, corresponding to 77% of the total
weight lost at 6 months after surgery; similar results
have been reported in studies of bariatic surgery with
body composition analysis,4 and in obese patients
submitted to non-surgical treatment.29,30

In Bobionni-Harsch’s study,9 it was found that the
weight loss induced by RYGBP was influenced by
the postoperative caloric intake, and by variations of
the surgical technique, such as size of gastric pouch,
alimentary limb-length, and gastro-jejunostomy
diameter, among other factors. In our study, because
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Figure 3. Comparison between REE measured 6 months
after RYGBP (plot) and REE calculated by linear regres-
sion including baseline fat-free mass, fat mass and age
(dashed line).
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Figure 2. Difference of calculated REE by regression*
against measured REE at 6th month (mean in solid line),
with 95% limits of agreement  (broken lines) and regres-
sion line (A). *Baseline predictive regression: REE
(kcal/d) = 654.1 + 20.6 x FFM (kg) + 7.3 x FM (kg) - 10.3
x age (y)
FFM = fat-free mass; FM = fat mass.
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the operative technique utilized was similar in all
patients, the inter-individual variability of weight
loss after surgery could be due to energy expendi-
ture prior to surgery, postoperative reduction of
REE, reduction of energy intake following surgery,
or to a combination of these factors. 

Predictors of Weight Loss 

In contradiction to what was reported in other studies,
in our series the initial parameters, weight, BMI, REE
and RQ, were not predictors of weight loss in the

simple correlation analysis. On the other hand, base-
line fasting insulin and HOMA index were indeed
predictors. However, in the multivariate analysis
model, the baseline parameters, weight, waist cir-
cumference and fasting insulin level were the best
predictors of weight reduction, explaining a com-
bined 45% of the weight loss. The impact of hyperin-
sulinemia as a predictor for the best results, in our
series, could be attributed to the drastic anatomical
changes induced by the surgical technique, with mod-
ification of the levels of intestinal mediators that
would result in lower insulin resistance. Therefore,
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Table 3. Variation in food intake between pre- and post-RYGBP periods

Food intake Baseline (range) 6th month (range) P-value

Energy 
kcal/d 3585 ± 1666 (1654 to 9745) 1000 ± 166 (790 to 1418) <0.001
kcal/kg/d 30.4 ± 10.6 (16.3 to 58.4) 11.2 ± 1.7 (7.7 to 15.9) <0.001

Carbohydrates
g/d 447.9 ± 215.4 (148 to 1180) 113.9 ± 25.8 (85 to 172) <0.001
% energy intake 49.8 ± 6.8 (35.9 to 62.9) 45.3 ± 4.8 (38.9 to 55.9) NS

Fats
g/d 142.5 ± 77.9 (67 to 424.5) 37.2 ± 7.2 (26.2 to 57.5) <0.001
% energy intake 35.5 ± 6.9 (23.5 to 48.6) 33.4 ± 3.2 (26.4 to 38.9) NS

Proteins
g/d 134.3 ± 71.8 (59.7 to 420.4) 54.1 ± 6.3 (40.1 to 65.2) <0.001
g/kg/d 1.14 ± 0.5 (0.5 to 2.5) 0.67 ± 0.1 (0.4 to 0.9) <0.001
% energy intake 14.7 ± 4.5 (7.4 to 26.0) 21.3 ± 3.5 (12.3 to 26.1) <0.001

Energy balance*
kcal/d 1177 ± 1443 (-816 to 6170) -891 ± 197 (-1389 to –529) <0.001

*Energy balance was calculated as follows: EB (kcal/d) = energy intake (kcal/d) – [REE (kcal/d) x 1.3†].
REE = resting energy expenditure measured by indirect calorimetry.
†Activity factor proposed by Bray G. in sedentary subjects.25

Table 4. Changes in cardiovascular risk parameters between pre- and post-RYGBP periods

Variable Baseline 6th month Change Change (%) P-value

SBP (mmHg) 135.6 ± 16.4 121.7 ± 10.1 -13.9 ± 17.2 -9.2 ± 12.7 0.001
DBP (mmHg) 82.4 ± 12.3 72.1 ± 8.2 -10.3 ±12.2 -11.1 ± 14.4 0.001
Fasting glucose (mg/dl) 102.5 ± 16.6 88.2 ± 8.2 -14.3 ± 16.1 -12.3 ± 13.1 0.001
Insulin (µU/ml) 21.3 ± 12.7 6.6 ± 3.0 -14.7 ± 12.9 -62.3 ± 19.2 0.001
HOMA-IR 5.43 ± 3.62 1.44 ± 0.71 -4.0 ± 3.7 -66.2 ± 19.2 0.001
Total cholesterol (mg/dl) 210.2 ± 45.4 155.6 ± 30.4 -54.6 ± 36.7 -24.7 ± 13.4 0.001
LDL cholesterol (mg/dl) 131.1 ± 39.7 93.8 ± 21.5 -39.9 ± 32.9 -27.0 ± 17.3 0.001
HDL cholesterol (mg/dl) 43.3 ± 10.9 46.8 ± 13.1 + 3.5 ± 10.7 + 9.9 ± 21.4 NS
Triglycerides (mg/dl) 170.1 ± 82.9 91.3 ± 22.7 -78.1 ± 77.5 -37.8 ± 20.5 0.001

SBP = systolic blood pressure; DBP = diastolic blood pressure; HOMA-IR = insulin resistance index calculated by Homeostasis Model
Assessment.



those patients with higher insulin resistance could
obtain greater benefit from this surgical procedure.31

When incorporating the baseline REE/FFM ratio in
the multivariate analysis, we can explain 54% of the
variability in weight loss, without obtaining better
predicting results by adding other variables.

In our patients, the physical activity variables
were not considered predictors for weight loss, sim-
ilar to what has been reported by other authors.7,32

Energy intake, whose reduction in the postoperative
period has been reported as a fundamental factor
that explains the weight loss after RYGBP,9 was not
found to be a good predictor of results after RYGBP
in our study. This scarce correlation cannot be
explained by a low inter-individual variability in the
energy intake after RYGBP, because of the great
dispersion of data of the nutritional intake at 6
months postoperatively (Table 3). 

Changes in Resting Energy Expenditure
and Lipid Oxidation 

Many studies have reported that weight loss in
obese subjects is associated to a reduction in REE,
which can limit weight loss in the long-term.33

However, a 440 kcal/day decrease in REE 6 months
after RYGBP, while significant, was found by Carey
et al34 not to be greater than expected due to the
decrease in fat-free mass. In the present study, the
reduction of weight was associated with a signifi-
cant decrease in REE/FFM ratio, showing a greater
decrease in patients with a high baseline REE. In
this matter, Das et al7 postulated that a greater ener-
gy intake in subjects with higher values of weight,
would behave in a compensatory form with a high-
er energy expenditure, and upon having a restricted
nutritional intake in the postoperative state, this
compensation would disappear, observing a greater
reduction in REE in these patients. The latter agrees
with the results obtained in our series, because the
initial REE showed a significant correlation with the
preoperative nutritional intake. 

Metabolic adaptation in the patients studied, in
which the REE expressed by fat-free mass at 6
months after RYGBP was 83 kcal/day less than the
expected value, could be attributed also to changes
in the levels of mediators such as thyroid hormones,
leptin, sympathetic stimuli, among other factors that
were not evaluated in our study. 

The decrease in the nutritional intake that allows
for a greater energy deficit could be related to the
level of metabolic adaptation. However, in our series,
the correlation between changes in energy intake and
changes in REE was not found to be statistically sig-
nificant. Neither did we observe a relation between
the level of physical activity surveyed 6 months after
the operation and the changes in REE.

The positive correlation between the changes in REE
and the reduction in body fat suggests that this meta-
bolic adaptation is probably influenced by the reduc-
tion in adipose tissue and variations in plasma levels of
mediators derived from this tissue, such as leptin. 

Changes in Cardiovascular Risk Factors 

In the present study, the diabetic patients normalized
their fasting glycemia 6 months after RYGBP, with
cessation of the antidiabetic agents and a significant
improvement in the levels of fasting insulin and
HOMA index. These results are similar to those
observed in other studies,4,35 and it has been postulat-
ed that the results of the diabetic group showed cer-
tain dependence on the surgical procedure, and that
although the weight loss is important after RYGBP,
the recovery from diabetes could be related to other
changes in intestinal peptides (GLP-1, PYY3-36, etc.)
related to the gastric bypass that precede the massive
reduction in weight.36,37 However, the study of
Ballantyne et al31 did not find a different response in
the short-term between gastric banding and RYGBP. 

With respect to the dyslipidemia, in the present
study we observed a remission in all patients, con-
cerning the levels of total cholesterol, LDL-choles-
terol and trigly-cerides, as reported by Buchwald et
al.4 However, the HDL-cholesterol increased, without
statistical significance. In the latter meta-analysis,4 a
more frequent improvement of dyslipidemia was
noted in those studies of malabsorptive procedures
and combined restrictive-malabsorptive procedures.

With regard to hypertension, in our series there was
a high percentage of remission in those patients who
had this diagnosis at baseline, and a noticeable reduc-
tion in blood pressure values in the remainder of
them. As opposed to what occurs with type 2 diabetes
and dyslipidemia, the reduction in blood pressure
appears to be independent of the surgical procedure
employed.4 This finding suggests that improvement
in metabolic conditions is proportionally dependant
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on weight loss and on the reversal of insulin resist-
ance that also improves in these co-morbidities. This
could be confirmed by the correlation obtained
among percentage of loss of the initial weight and
changes in insulinemia and HOMA index. On the
other hand, the absence of correlation between car-
diovascular risk parameters and changes in body fat,
could be explained by the considerable weight loss
that occurred in all patients, where we observed a
maximal improvement in co-morbidities, without
having additional benefits with a greater weight loss. 

Changes in Nutritional Intake
and Physical Activity

As discussed previously, caloric intake significantly
influences weight loss,9 and in this matter there
exists great variability among individuals, suggest-
ing the presence of influencing factors prior to the
surgery that could modify this intake. In the present
study, we emphasize the significant decrease of daily
energy intake in the patients. It is important to note
that the postoperative evaluation of these patients
was carried out at 6 months after surgery; therefore,
the patients still kept a low calorie diet, and were not
fulfilling their estimated requirements in most cases
(61% and 82% of the energy and protein require-
ments, respectively). Although a decrease of lipid
and carbohydrate intakes (g/d) was observed com-
pared to preoperative, which was statistically signif-
icant (not like the change in the proportion of these
macronutrients in the total energy intake), it would
be interesting to observe patients who underwent
surgery compared to medical treatment in future
studies. In this aspect, Klem et al16 have reported that
in morbidly obese patients who achieved a reduction
in weight with medical treatment, there was a lower
fat intake and a higher carbohydrate intake than
patients treated surgically. The decrease in carbohy-
drate intake after RYGBP is related to the risk of
dumping syndrome and the discomfort that this
implies after intake of simple sugars. 

With respect to physical activity, patients in our
series presented low levels of physical activity prior
to treatment and a significant increase after surgery,
which probably could contribute to the maintenance
of weight loss in the long term. Another study report-
ed no change in physical activity level after surgery.32

Surprisingly, there was a significant positive correla-

tion between the increase in the activity factor and the
changes in REE, which would be discordant with that
expected; however, it is necessary to note that both
variables are related to a third variable: weight loss. 

Conclusion 

In our study of morbidly obese patients who under-
went a RYGBP, we conclude that the operation
induces a significant weight loss in a short time
period, provided fundamentally by body fat loss and
determined by a smaller energy intake especially of
carbohydrates and fats. In this series, the metabolic
adaptation that accompanies the weight loss, was
related mostly to loss of fat mass rather than to
decrease in fat-free mass. In accordance with other
studies, RYGBP induces a significant improvement
in cardiovascular risk factors, and results in an
increase in physical activity and a decrease in seden-
tary behavior. According to our results, the presence
of baseline hyperinsulinemia and initially high lev-
els of HOMA index, were the best single predictors
for the results of the weight loss after RYGBP.
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