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Introduction: One way to lose weight is bariatric surgery. Various studies have shown that
after Roux-en-Y gastric bypass (RYGB), resting energy expenditure (REE) decreased may be
a result of changes in fat-free mass (FFM) and thyroid-stimulating hormone levels. The aim of
our study was to assess changes in body composition, REE, and thyroid hormones in patients
undergoing RYGB.

Methods: A total of 42 patients participated (21 undergoing RYGB and 21 age- and weight-
matched subjects as controls) in our study. Weight, body-mass index, body composition, resting
metabolic rate, physical activity, and thyroid hormones were measured at baseline in cases and
3 months after surgery in case and control groups.

Results: At 3 months after surgery, patients lost an average of 21.7+1.4 kg weight, and fat
mass, FFM, and REE decreased significantly. REE was higher in cases compared to controls.
T,, T,, and thyroid-stimulating hormone at 3 months after RYGB decreased, but the decrease
was significant only in T, compared to controls. FFM was higher and fat mass lower in cases
compared to controls.

Conclusion: We detected a meaningful difference in REE before and after surgery, but we did
not detect any meaningful difference in REE between controls and cases.
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Introduction

Obesity is recognized as a major public-health problem that has reached epidemic
proportions in both developed and developing countries. Obesity is an independent
risk factor for developing other chronic diseases.! Obesity is a considered a disease
with multiple causes. In addition to genetic factors, unlimited access to high-calorie
foods and industrial and urban lifestyles accompanied by less physical activity plays
roles in overweight, obesity, and increasing numbers of people suffering from both.>*
In the 2000s, the World Health Organization predicted that about 2.3 billion people
would be suffering from overweight and 700 million individuals affected by obesity
by 2015. The overall prevalence rate of obesity and over weight in Iran was reported
as 42.8% of women in 2005.*

Bariatric surgery is recognized as a long-term treatment for morbid obesity.” The
number of bariatric surgery procedures performed in the US increased from about
200,000-220,000 cases in the period 2003—2008.¢ Among all kinds of bariatric sur-
gery, Roux-en-Y gastric bypass (RYGB) is the most common procedure in the US.
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RYGB is often done as a laparoscopic surgery. The size of the
upper stomach is reduced to a small pouch in this operation.
This pouch attaches directly to a part of the small intestine
called the Roux limb. This reduces intake and absorption of
food. Bypass surgery can reduce about 60% of excess body
weight by restricting energy intake and decreasing absorp-
tion of nutrients.’

Obesity is considered a disease and a very important
factor in being affected by chronic diseases, such as type 2
diabetes, hypertension, dyslipidemia, heart ischemia, osteo-
arthritis, and polycystic ovary syndrome, in addition to some
cancers. These conditions and the increasing trend of obesity
show the importance of the issue and examining treatment
methods of obesity.? Various studies have shown that after
RYGB, resting energy expenditure (REE) decreases. A sys-
tematic overview of effect of RY GB on weight loss has shown
that 31.3% of weight loss following the surgery is due to
reduction in fat-free mass (FFM).% In a study performed by de
Moraes et al, it was shown that RY GB resulted in reductions
in thyroid-stimulating hormone (TSH) levels. Reductions of
TSH and FFM are considered factors resulting in reduction
of REE after surgery.® REE is defined as energy consumed
through necessary body activities to provide for natural body
functions and homeostasis, such as breathing, blood circula-
tion, organic compound synthesis, and pumping ions through
the membrane. REE is affected by different factors, such as
size of body, body composition (fat mass [FM] and FFM),
age, sex, hormonal status, and some other factors (caffeine,
nicotine, alcohol, and fever). Considering the role of obesity
in the creation of chronic diseases and its high prevalence,
the authors decided to determine levels of REE changes and
weight loss stemming from RY GB, in order to show that REE
changes following bariatric surgery play a role in levels of
weight loss resulting from these types of surgeries.

Methods

This study was conducted on 21 patients aged 18—60 years
with severe obesity scheduled to undergo RYGB surgery at
the bariatric surgery center of a university hospital (Rasol
Hospital) in Tehran during 2014-2015. All participants com-
pleted follow-up assessments in clinic visits. In accordance
with US National Institutes of Health criteria for bariatric
surgery, patients who underwent surgery had body-mass
index BMI values >40 kg/m?.

A total of 21 controls were selected randomly from
persons matched for age and sex and postoperative weight
for modifying confounding effects. All participants filled
out a written consent form and a demographic information

form. Exclusion criteria were having any diagnosed diseases,
including thyroid disorders, liver and kidney dysfunction,
and history of type 1 and 2 diabetes. Also, patients who used
drugs, including hormonal agents, nonsteroidal anti-inflam-
matory, corticosteroids, antipsychotics, and sibutramine,
currently or in the 6 months preceding surgery were excluded
from the study. Body composition, REE, physical activity
level, and anthropometric and biochemical parameters were
measured at 1 day before the surgery and at 3 months after
surgery. The study protocol was approved by the medical
ethics committee of Tehran University of Medical Sciences.

Anthropometry and physical activity

assessment

Weight and height were measured using a Seca 725 scale
(Seca, Hamburg, Germany) while subjects wore light clothes
and no shoes in a standing posture. Accuracy of weight and
height was within 0.1 kg and 0.5 cm, respectively. BMI was
calculated as weight (kg) divided by height squared (m?).
We used the International Physical Activity Questionnaire
to estimate physical activity levels of participants.

Resting energy expenditure and body
composition

REE was measured using a MetaCheck indirect calorimeter
(model 7100; Korr Medical Technologies, Salt Lake City,
Utah, USA), previously validated in adults. All measure-
ments were performed while participants were sitting in a
thermoneutral room after a 12-hour overnight fast and hav-
ing refrained from caffeine, nicotine, or exercise for at least
4 hours. Consumption of caffeine, smoking, and physical
activity were not allowed for at least 4 hours before measure-
ments. The device measures oxygen consumption through
breath-by-breath sampling over 15-20 minutes and then cal-
culates REE and respiratory quotient. Body composition was
measured by bioelectrical impedance analysis on a Tanita scale
(BC-418MA; Tanita, Tokyo, Japan) with 200 kg maximum
weight capacity and ability to measure 1%—75% body fat.

Blood sampling

For all participants, after overnight fasting, 10 mL venous
blood was drawn from the antecubital vein of the right arm
while patients were seated. Blood samples were collected in
EDTA-containing tubes for plasma separation and tubes with-
out anticoagulant for serum separation. All blood samples
were transported to the laboratory of Shariati Hospital in
Tehran and stored at —79°C until used. To measure serum
levels of T, (ng/mL) and T, (ug/dL), radioimmunoassays
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were used, and for measurement of TSH (uWU/mL) immu-
noradiometric assays were applied.

Statistical analysis

SPSS version 16 (SPSS, Chicago, IL, USA) was used for all
statistical analyses. Continuous data are presented as mean
+ SD. Paired independent #-tests were used for comparisons
between variables, including weight, BMI, and dietary intake
components before and after the RYGB surgery.

Results

A total of 42 persons participated in this study: 21 subjects
who underwent RYGB surgery and 21 subjects as a control
group. All participants were female. Follow-up was 100%
at 3 months after surgery. The mean age of subjects in the
surgery and control groups was 34.33+8.55 and 35.11£7.90
years, respectively. The mean of weight in participants was
121/9£19/4 kg and BMI 46/116/4 kg/m? before surgery
(Table 1). Three months after RYGB surgery, mean weight
and BMI had decreased to 94.8+18.0 kg and 35.8+5.47 kg/
m?, respectively. Mean total weight loss and change in BMI
at 3-month follow-up were statistically significant (P<0.001
for both). Table 2 shows the demographic and anthropometric

Table | Comparison of BMI and Weight average in baseline and
3 months after surgery

characteristics of morbidly obese patients before and after
surgery. After surgery, mean FM, FFM, and REE decreased
compared to baseline. The average reduction in REE was
239.54+87 kcal at 3 months after surgery. On the other hand,
REE:FM ratio (+=1.33, P<0.001) had increased significantly,
but REE:FFM ratio (#=0.78, P=0.059) had decreased at 3
months after surgery compared to baseline. T,, T,, and TSH
at 3 months after RYGB had decreased, but not statistically
significant.

Table 3 shows the demographic and anthropometric
characteristics of obese patients at 3 months postsurgery
and controls. Three months after surgery in obese patients,
FM was lower and FFM higher compared to controls. Also,
REE was higher in patients 3 months after surgery compared
to controls. On the other hand, REE:FM ratio (P=0.74) was
higher but REE:FFM ratio (P=0.057) lower at 3 months
after surgery compared to controls. At 3 months after sur-
gery, serum levels of T, (.=024, P=0.81) and T, (+=2.81,
P=0.008) were higher and TSH (t=1.19, P=0.24) lower in
cases compared to controls. Only T, serum levels showed
statistically significant differences. Levels of physical activ-
ity are shown in percentiles 25, 50, and 75 in Table 4. There
were no significant statistical differences between patients’

Table 3 Comparison of variables in case group and control groups

Variables 3 months Control P-value
Variables Baseline 3 months P-value after surgery  group
after surgery FM (%) 40/8+4/73 42/9+4/50 0/17
Weight (Kg) 121/9+19/4 94/8+18/0 <0/001 FFM (%) 59/00+4/77 57/10+4/50  0/20
Body-mass 46/1+6/4 35/8+5/7 <0/001 FM (kg) 39/10+10/03 40/18+9/43  0/72
index (kg/m?2) FFM (kg) 55/57+9/65 52/37+4/77  0/20
Notes: Data are expressed as mean+SD. P<0.05 is statistically significant. REE (keal) 1721/80+ 1631/6+ 0/27
312/80 159/9
. . . REE/FM (kcal/kg) 45/58+8/50 42/14+7/78  0/74
Table 2 Comparison of variables at baseline and 3 months after REE/FFM (kcallkg) 30/96+ 0/84 31/1350/51  0/057
surgery T, serum level (ng/ml) 1/4140/39 1/4410/18  0/81
Variables Baseline 3 months P-value T, serum level (ug/dl) 9/1+1/63 7/9+0/9 0/008
after surgery TSH serum level (ulU/ml)  2/22+1/43 3/821+5/58 0/24
FM (%) 48/4+5/08 40/8+4/73 <0/001 Notes: Data are expressed as meanSD. P<0.05 is statistically significant.
FFM (%) 50/97+4/39 59/00+4/77 <0/001 Abbreviations: FM, fat mass; FFM, fat-free mass; REE, resting energy expenditure;
FM (kg) 58/81410/02  39/104£10/03  <0/00I TSH, thyroid-stimulating hormene.
FFM (kg) 62/13£11/91 55/57+9/65 <0/001
REE (kcal) 1962/30+ 1721/80% <0/001
399/80 312/80 Table 4 Comparison of physical activity level in baseline and 3
REE/FM (kcal/kg) 33/63+5/12 45/58+8/50 <0/001 months after surgery
REE/FFM (kcal/kg) 31/57+ 1/54 30/96+ 0/84 0/059
T, serum level (ng/ml) |/45+0/24 1/4140/39 0/72 Physical activity Baseline 3 months P-value
T, serum level (ug/dl) 9/84+1/57 9/1+1/63 /11 after surgery
TSH serum level (uIU/ml)  2/34+1/22 2/22+1/43 0/65 percentile 25 Mild moderate
percentile 50 intensive intensive P=0/77
Notes: Data are expressed as meanSD. P<0.05 is statistically significant. X . . . .
Abbreviations: FM, fat mass; FFM, fat-free mass; REE, resting energy expenditure; percentile 75 intensive intensive
TSH, thyroid-stimulating hormone. Note: Wilcoxon Signed Rank Test".
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physical activity before vs after surgery. On the other hand,
the number of patients with mild or moderate activity was
significantly higher than the control group (Table 5). Also,
the number of subjects in the control group with severe
activity was significantly higher than obese patients after
surgery (P<0.001).

Discussion

This study aimed to evaluate the impact of RYGB on REE.
The effect of weight-loss surgery was investigated via age,
weight, BMI, REE, body composition, serum level of thyroid
hormones, and level of physical activity in the preoperative
period and at 3 months after surgery in the case group, and
these variables in the case group 3 months after surgery were
compared with the control group. Our results showed that
3 months after surgery, mean weight loss was 27.1t1.4 kg
and BMI loss 10.3+0.7 kg/m? compared to presurgery. Mean
weight and BMI loss were 35.6.1+2.4 kg and 12.9+0.7 kg/m?,
respectively, in Tamboli et al'® and 33.4.1£7.6 kg,12.9+2.3
kg/m? in Carrasco et al® at 6 months after surgery. Our find-
ings were consistent with other studies.”!® However, mean
follow-up in other studies was at least 6 months, while ours
was 3 months.

In our study, resting metabolic rate significantly reduced
by about 240.5+87 kcal at 3 months after surgery compared
to prior to surgery, while this value was 396+157 kcal in
Carrasco et al’ and about 440 kcal in Carey et al'! at 6 months
after surgery. It is possible that the short duration of our
study was the cause of the lower reduction compared to other
research. In terms of body composition, FM and FFM had
significantly decreased by about 19.7110.1 kg and 6.561+2.26
kg 3 months after surgery compared to prior.

Carrasco et al found that FM and FFM decreased by
20.616.9 and 7.8+4.8 kg in 6 months after RYGB surgery.
With an average reduction of 3.25£3.63 kcal, the REE:FFM
ratio decreased significantly from 33.444.1 to 30.1%2.6 kcal/
kg.’ Das et al found that REE reduced after weight loss in
bariatric surgery due to FFM reduction,'? due to body FFM

Table 5 Comparison of physical activity level in case group and
control groups

Physical 3 months Control P-value
activity after surgery group

mild 5 (31/26%) 0 <0/003
moderate 9 (36/47%) 4 (05/21%) -
intensive 5 (31/26%) 15 (94/78%) -

Note: Pearson 2

including skeletal muscles, organs, bones, and visceral tissue.
Skeletal muscles and organs make lean body mass, which
underpins FFM metabolic activity and plays a major role in
determining REE."

The results of other similar studies have shown that FM
and FFM kg decrease. FM and FFM percentages decrease
too. Though the body FM percentage in our study decreased
similarly to other studies, the FFM percentage increased.
This contradiction can be explained by FFM percentage
being measured and compared in our study at 3 months
after surgery and before surgery, while it has been longer
in similar studies. On the other hand, in our study there was
more FM reduction compared to FFM reduction, as the
increase in FFM percentage represented only mathematical
calculations of weight loss with further reduction in FM
and less reduction in FFM. Moreover, the results showed
no significant difference in terms of data (REE, FM, FFM,
REE/FM, REE/FFM) between cases and controls. It can be
concluded that body composition is the main component that
determines REE and REE loss following bariatric surgery,
due to reduction in FFM.

If patients are selected according to appropriate research
criteria and surgery is successful, metabolic and physiologi-
cal changes in the body in relation to REE are equivalent
to someone who naturally has the same weight and body
composition without any intervention. Faria et al investigated
the importance of REE in weight return in patients undergo-
ing bariatric surgery. In this study, 36 patients undergoing
RYGB were divided into two groups. The first group main-
tained their weight, while in the second group patients had
weight gain at least >2 kg after 2 years. Faria et al found that
patients with higher FM and lower REE percentage after
surgery were much more likely to return to their previous
weight."

The results of our study and similar others suggest that a
low metabolic rate can be a factor in regaining weight after
RYGB surgery. Therefore, resting metabolic rate in patients
undergoing bariatric surgery is important in weight loss and
weight return. In our study, T, and TSH levels had decreased
and T, levels increased at 3 months after surgery compared to
prior. However, these changes were not statistically significant.

In another study conducted by Raftopoulos et al,'
among 224 patients who received RYGB surgery between
1999 and 2002, 23 (10.3%) had hypothyroidism. Rates of
improved thyroid function and unchanged thyroid function
were evaluated, and it was found that at 17-month follow-up
ten of 23 (43.5%) had improved thyroid function. The drug
treatment was completely eliminated in two patients and the
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need for thyroxine treatment decreased among the remaining
eight.'*!> Our study results were consistent with other similar
studies.'*!” Many theories have been suggested about the
impact of obesity on thyroid function. Hypothyroidism affects
the metabolism of carbohydrates and lipids by reduction in
REE and has a role in body-weight increase and metabolic
side effects. On the other hand, elevation of TSH serum
may be caused by obesity,an increase of adipose tissue and
adipocytokins stimulate the pituitary gland. After weight-
loss surgery, weight reduction improves thyroid hormones,
which may result in the secretion of adipocytokines in rela-
tion to obesity. One of the adipocytokines is leptin. Leptin
plays a role in regulating TRH mRNA gene expression in the
hypothalamic periventricular nucleus.!® Leptin is secreted by
lipid cells, and its serum level is proportional to the amount
of FM. As a result, changed leptin levels may have a role in
thyroid-hormone levels due to weight loss."

In the present study, there was no statistically significant
difference in physical activity 3 months after surgery com-
pared to before surgery. Physical activity in percentile 25
improved of mild level to moderate level. Boan et al studied
patients after RYBG surgery through questionnaires, and
found that their physical activity had improved at 6 months
after surgery.?’ The sensitivity of patients in regard to weight
is the most important factor that can increase the amount of
physical activity in patients undergoing bariatric surgery.

Limitations

There were several limitations to this study, such as small
sample and short follow-up. In addition, this was a cross-
sectional study, such that serum levels of T, T,, and TSH were
measured only once. Future studies should include long-term
follow-up after surgery and larger samples to determine the
effect of RYGB surgery on the amount of REE. In addition,
to our knowledge, no previous study has evaluated all of our
variables (body composition, REE, physical activity, and
thyroid hormones) before and after RYGB surgery.

Conclusion

Our results clearly demonstrated that the resting metabolic
rate of the body and influencing factors, such as FM and FFM,
had decreased at 3 months after RYGB surgery. The basal
metabolic rate in the case group at 3 months after RY GB was
at a lower level than cases with the same weight. In regard
to the importance and role of REE in weight loss, it can be
concluded that lower REE levels after surgery might be a fac-
tor in weight returning among patients who undergo bariatric
surgery. However, if patients are not selected according to
the correct criteria for surgery, such as those who have low

REE from the beginning, there is a lower chance of weight
loss after surgery, In our study, 3 months seemed to be insuf-
ficient to evaluate REE and compare it with the control group.
Surgical side effects and physiological and anatomical adjust-
ments, eg, lower levels of TSH and FFM, are factors that may
affect REE. Therefore, the quality of weight loss should be
considered among patients who undergo bariatric surgery.
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