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Abstract
Background Bariatric surgery is a safe and established treat-
ment option of morbid obesity. Mere percentage of excess
weight loss (%EWL) should not be the only goal of treatment.
Methods One hundred seventy-three obese patients were in-
cluded in the study. They underwent either Roux-en-Y gastric
bypass (RYGB; n=127, mean body mass index (BMI) 45.7±
5.7 kg/m2) or sleeve gastrectomy (SG; n=46, mean BMI 55.9
±7.8 kg/m2) for weight reduction. Body weight and body
composition were assessed periodically by bioelectrical im-
pedance analysis.
Results After 1 year of observation, %EWLwas 62.9±18.0%
in RYGB and 52.3±15.0 % in SG (p=0.0024). Body fat was
reduced in both procedures with a slight preference for SG,
and lean body mass was better preserved in the RYGB group.
Due to significant differences in the initial BMI between the
two groups, an analysis of covariance was performed, which
demonstrated no significant differences in the %EWL as well
as in the other parameters of body composition 1 year after
surgery. Using percentage of total weight loss to evaluate the
outcomes between the two procedures, no significant

difference was found (31.7±8.4 % in RYGB and 30.5±
7.6 % in SG patients, p>0.4).
Conclusions Excess weight loss is highly influenced by the
initial BMI. Total weight loss seems to be a better measure-
ment tool abolishing initial weight differences. SG and RYGB
do not differ in terms of body composition and weight loss
1 year after surgery.
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Introduction

Among various therapeutic strategies for morbid obesity, bar-
iatric surgery has evolved as an effective and safe option that
achieves sustained weight reduction with improvement of co-
morbidities [1–3]. In the past, many published studies com-
pared the results of the most commonly performed operative
procedures: Roux-en-Y gastric bypass (RYGB) and sleeve
gastrectomy (SG). There is still a weak evidence of superiority
for either of the surgical techniques regarding weight loss and
improvement of comorbidities [4, 5]. Early results of the
Swiss Multicenter Bypass or Sleeve Study (SM-BOSS)
showed that SG and RYGB have almost the same efficacy
in terms of excessive body mass index loss 1 year after the
operation (72.3 vs. 76.6 %, p=0.2), increased quality of life,
as well as reduction of comorbidities, particularly diabetes
mellitus (57.7 vs. 67.9 %) 1 year after surgery [6]. On the
other hand, results published by Strain et al. favor RYGBwith
percentage of excess weight loss (%EWL) reaching 70.4 % in
comparison to only 49 % in SG patients (p>0.0001) 1 year
after surgery [7]. Moreover, it has not been investigated if
changes in the body composition differ between the two sur-
gical procedures.
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Post bariatric surgery weight loss should be targeted
towards reduction of body fat with a maximum preserva-
tion of body cell mass; otherwise, metabolic and physical
capacities of the patient may be impacted negatively [8].
Changes in body composition after bariatric surgery such
as a sustained loss of body fat are associated with an
inevitable loss of lean body mass. This misbalance leads
to an undesirable disturbance in resting metabolic rate,
body temperature, and even weight maintenance [9]. To
evaluate the efficacy of SG and RYGB, it is important,
apart from the amount of weight loss, to investigate the
quality of the remaining body composition. But different
initial weight seems to be a relevant confounding variable
in terms of %EWL and body composition when compar-
ing surgical procedures in bariatric surgery [10]. Favoring
SG for the treatment of super obese patients by many
bariatric surgeons leads to large differences of the initial
body mass index (BMI). Therefore, we conducted a pro-
spective study comparing RYGB and SG, regarding their
effects on the status of body composition using an analy-
sis of covariance in order to adjust for the initial BMI.
Additionally we tested if %EWL is a good parameter to
characterize bariatric success or if percentage of total
weight loss (%TWL) is a superior parameter.

Materials and Methods

Subjects

This open, single-center, prospective study was applied on
173 obese patients from January 2007 to February 2012. Ap-
proval from the local institutional review board (IRB) and
written informed consent of all individuals were obtained.

Patients were selected for surgery according to the German
guidelines, namely body mass index (BMI) over 40 or 35 kg/
m2 with one or more comorbidities such as diabetes mellitus
or obstructive sleep apnea [11].

Operative Technique

All operations were done laparoscopically using a standard
technique with no conversion to open surgery. RYGB was
performed with a 150-cm antecolic Roux–limb with a linear
stapled gastrojejunostomy and a 50-cm long biliopancreatic
limb.

For SG, a 42-Fr bougie was inserted along the lesser cur-
vature for calibration of the gastric sleeve starting the linear
stapling 5 cm proximal to the pylorus up to the angle of Hiss.
Oversewing of staple line was only performed in case of
bleeding or insecure appearing staples.

Follow-Up

Baseline body measurements were taken 1 day before the
operation. Postoperative follow-up was done in the outpatient
clinic after 6 weeks, 18 weeks, 6 months, 9 months, and
12 months. On each visit, body weight as well as body com-
position were assessed by bioelectrical impedance analysis
using Nutriguard-M (Data Input GmbH, Darmstadt,
Germany).

Additionally, all patients received individualized nutrition-
al counseling at each visit from a nutritionist specialized in
bariatric surgery.

The bioelectrical impedance analysis (BIA) is a common
and frequently used tool for postbariatric evaluation of body
composition. It provides accurate values comparable to those
obtained by dual-energy X-ray absorptiometry (DXA) at low
cost [12].

All patients were asked to rest for 30 min; after which, the
BIA was performed by applying four silver electrodes, with
two detecting electrodes placed at the ulnar aspect of the right
wrist and the right medial malleolus. Body cell mass (BCM),
extracellular mass (ECM), ECM/BCM, lean bodymass, phase
angle, fat, and total body water were analyzed using the soft-
ware Nutri-Plus.

Statistical Analysis

For qualitative parameters, absolute and relative figures are
given. Quantitative variables are presented by mean values
together with standard deviations. In order to compare differ-
ences between two time points (e. g., preintervention and
12 months after intervention), a t test for two paired samples
was used. Furthermore, for each variable, an analysis of co-
variance was performed in order to adjust for the initial BMI
value. All statistical calculations were done using SAS soft-
ware, release 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

One hundred seventy-three patients between 19 and 67 years
were included in this study. Patients were offered RYGB as
the standard procedure (n=127, mean BMI 45.6±5.7 kg/m2).
Only patients with a BMI more than 60 kg/m2 or a history of
previous operative procedures involving the small intestine
were offered SG as an alternative (n=46, mean BMI 55.9±
7.8 kg/m2) (Table 1).

Our overall follow-up rate in the first year after surgery
reached 98 %. However, we only included in our study data
from patients who showed up exactly at all given six time
points. Of the patients, 73.4% successfully completed the first
year follow-up with analyzable data sets (78.2 % in SG pa-
tients vs. 67.7 % in RYGB).
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Weight Loss

%EWL was 62.9±18 % in RYGB and 52.3±15.0 % in SG
1 year after the operation (p=0.0024). The largest difference
in %EWL between the two groups—in favor of RYGB—was
observed 9 months after surgery (+13.2 %) and thereafter
decreased (+10.6 %) at 1 year (Fig. 1, Tables 2 and 3).

To compensate for the selection bias, an analysis of covari-
ance was performed in order to adjust for the initial BMI
value. The adjusted %EWL was no more significantly differ-
ent between the two groups (p=0.86).

In contrast to the %EWL results, no significant differences
between the two procedures in terms of %TWL were found
even without BMI adjustment (31.7±8.4 % in RYGB and
30.48±7.6 % in SG patients, p>0.4) (Fig. 2).

Body Fat

After SG, body fat was reduced from 80.7±19.4 kg to 43.1±
16.3 kg, while after RYGB, fat decreased from 58.6±14.2 kg
to 28.4±12.7 kg. There was no significant difference between
the two groups. Body fat loss was most significant during the
first 6 weeks (11.1 kg in RYGB and 13.1 kg in SG) (Fig. 3,
Tables 2 and 3).

Lean Body Mass

Lean body mass is defined as the fat-free body mass and is the
sum of body cell mass (BCM) and extracellular mass (ECM).
Lean body mass was better preserved in the RYGB group
decreasing from 71.4±15.9 kg to 61.7±12 kg while showing
a more pronounced reduction in the SG group from 83.5±
20.5 kg to 68.8±13.7 kg (Tables 2 and 3).

Body Cell Mass

Loss of body cell mass, defined as the total mass loss of cellular
body elements that are metabolically active [13], was similar in

both groups, decreasing from 38.5±9.7 kg to 30.0±7 kg after
RYGB, and in SG from 43.7±10.6 kg to 33.1±8 kg.

Similar to body fat, the loss in BCM was at its maximum
during the first 6 weeks (5.8 kg in RYGB vs. 6.1 kg in SG) and
then decreases with time except for a small increase in BCM
loss in the SG group at 9 months after the operation (1.7 kg)
(Fig. 4, Tables 2 and 3).

Cell Proportion

Cell proportion is defined as the percentage of cells within
BCM [13]. This parameter shows a more pronounced reduc-
tion in the RYGB group (from 53.8±4.7 % to 48.5±5.4 %)
than in the SG group (51±5.1 % to 48.1±5.1 %). The maxi-
mum decrease in cell proportion was also observed during the
first 6 weeks after surgery (4.2 % after RYGB vs. 3.3 % after
SG) (Table 2 and 3).

Discussion

Sleeve gastrectomy is the bariatric procedure with the highest
increase in the world [14]. From its introduction as a stand-
alone procedure in 2003 to date, number of sleeve resections
has risen to more than 100,000 per year [15]. In the past,
sleeve resection was recommended mainly for super obese
patients and special medical conditions like previous abdom-
inal interventions and/or chronic diseases. Nevertheless, gas-
tric bypass was and is still considered to be the gold standard
in bariatric surgery. Due to its marked effects on weight loss
and comorbidities, it is currently under debate if sleeve resec-
tion is still the second best opinion for bariatric patients or if it
has to be considered as a comparable alternative to the gastric
bypass.

Current available data from the Swiss Multicentre By-
pass or Sleeve Study (SM-BOSS) by Peterli et al. com-
paring SG and RYGB show that sleeve gastrectomy was
associated with shorter operation time with a trend

Table 1 Study population characteristics at baseline

Roux-en-Y gastric
bypass

Sleeve
gastrectomy

Number 127 46

Gender

Females (122,
70.5 %)

93 (73.2 %) 29 (63 %)

Males (51, 29.5 %) 34 (26.8 %) 17 (37 %)

Weight (kg) 129.8±22 163.9±29.4

BMI (kg/m2) 45.6±5.7 55.9±7.8

Results are expressed as mean±SD

BMI body mass index
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Fig. 1 Percentage of excess weight loss (%EWL)—comparison of
RYGB and SG over a period of 1 year
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towards fewer complications than gastric bypass. Howev-
er, both procedures were almost equally efficient regard-
ing weight loss, improvement of comorbidities, and qual-
ity of life within the first 12 months after surgery. Due to
its randomized study design, the mean BMI in the study
population was 44±11.1 kg/m in both arms [6]. Consid-
ering the gastric bypass as the gold standard in bariatric
surgery and based on national and international recom-
mendations, our institutions has suggested sleeve resec-
tion in patients with a BMI above 60 or other medical

reasons. Our primary recommendation in any other pa-
tients was the laparoscopic gastric bypass. Therefore, like
in most other studies, the intervention groups in our study
differed significantly in terms of initial weight and BMI
right from the beginning of our observation.

As expected, our subjective impression and first statistical
analysis showed superiority of the bypass group. %EWL in
the RYGB group was 62.9±18 %, whereas a relatively low
%EWL in the SG group was observed 12 month after surgery
(52.3±15.0 %).

Table 2 %EWL, %TWL, and changes in body composition following Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG)

Parameter Treatment Preoperative 6 weeks 18 weeks 6 months 9 months 12 months

Weight (kg) RYGB 129.8±22.1 114.5±19.1 103.2±19 98±19.5 93.1±17.6 90.6±18.3

SG 163.9±29.5 145.3±26.2 133.4±24.5 127.1±23.1 123±22 112.4±23.5

%EWL RYGB 0 23.6±8 41.8±11.3 50.3±14 58.1±15.4 62.9±18

SG 0 18.5±5 31.6±8.9 39.1±10.4 44.9±10 52.3±15

%TWL RYGB 0 11.73±3.8 20.57±4.5 24.99±5.7 29.14±6.8 31.7±8.4

SG 0 10.85±3.3 18.58±4.7 23.1±5.4 27.25±5.9 30.4±7.6

BMI (kg/m2) RYGB 45.6±5.7 40.2±5.2 36.1±5.3 34.6±5.6 32.5±5.2 31.4±5.4

SG 55.9±7.8 49.8±6.8 45.6±6.7 43.4±6.7 41.9±5.7 38.2±6.6

Body fat (kg) RYGB 58.6±14.2 47.4±12.2 38.6±11.9 34.7±12.1 30.9±12.1 28.4±12.7

SG 80.7±19.4 67.6±16.2 58. ± 15.6 52.7±14.4 49.6±13.2 43.1±16.3

Body fat (%) RYGB 46±7.5 41.7±8.1 37.1±7.4 35.1±8 35.1±9 30.5±9.7

SG 49.2±7.7 46.3±6.6 43.2±7.5 41.2±7.7 40±7.3 37.1±9.2

Body water (L) RYGB 52.1±12 48.3±10 46.7±9.3 45.7±9.6 45.2±8.8 45.1±8.7

SG 61.8±14 56.2±11.6 54.8±10.5 54.2±10.7 53.2±10.7 50.3±10

Lean body mass (kg) RYGB 71.4±15.9 65.4±14.2 63.9±12.7 62.5±13.2 61.8±12 61.7±12

SG 83.5±20.5 76.8±15.9 74.9±14.9 74±14.6 72.7±14.6 68.8±13.7

BCM (kg) RYGB 38.4±9.7 32.6±7.6 31±6.7 30.8±6.6 30.4±6.9 30±7

SG 43.7±10.6 37.6±8 36±8.4 35.4±8.2 34.8±8 33.1±8

Cell proportion (%) RYGB 53.8±4.7 49.5±5.3 48.6±4.6 48.9±5.4 49.1±4.2 48.5±5.4

SG 51±5.1 48.4±3.5 47.9±4.1 47.8±5.5 47.6±3.4 48.1±5.1

Results are expressed as mean±SD

%EWL percentage of excess weight loss, BMI body mass index, BCM body cell mass

Table 3 %EWL and changes in body composition following Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG) with BMI adjustment

Parameter Value in
RYGB
patients
preoperative

Value in RYGB
patients 12
months
postoperative

Value in SG
patients
preoperative

Value in SG
patients 12
months
postoperative

p value between
RYGB and SG
after 1 year

BMI-adjusted p value
between RYGB and
SG after 1 year

%EWL 0 62.9±18 0 52.3±15 0.002 0.86

Body fat (kg) 58.6±14.2 28.4±12.7 80.7±19.4 43.1±16.3 0.07 0.38

Body fat (%) 46±7.5 30.5±9.7 49.2±7.7 37.1±9.2 0.01 0.16

Lean body mass 71.4±15.9 61.7±12 83.5±20.5 68.8±13.7 0.33 0.92

BCM 38.4±9.7 30±7 43.7±10.6 33.1±8 0.68 0.9

Cell proportion 53.8±4.7 48.5±5.4 51±5.1 48.1±5.1 0.27 0.78

Results are expressed as mean±SD

%EWL percentage of excess weight loss, BCM body cell mass
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Similar weight loss in extremely obese patients after sleeve
resection has been reported in other studies. The University of
Pittsburgh Medical Centre’s study showed that %EWL for
super obese patients (mean BMI 65.3±0.8) 12 months after
SG was 46 % [10].

A confounding parameter which may have affected the
%EWL in the SG Group is the used bougie size. All SG
patients in this study were operated with a 42-Fr bougie,
which is perhaps bigger than other surgeons would use. Based
on the recent published data comparing outcomes after SG
using different bougies, the size seems to have no influence
on %EWL [16, 17]. Parikh et al. concluded in his meta-
analysis that no difference regarding %EWL between bougie
<40 Fr and bougie ≥40 Fr up to 36 months after SG could be
detected [18].

Besides the pure excess weight loss, our first impression in
changes in body composition showed better results in the
RYGB group. If these results allow the conclusion that the
RYGB is superior to the sleeve resection is still unclear.

Our study showed that the lean body mass is better pre-
served, in gastric bypass group—the lean body mass as the
sum of body cell mass (BCM) and extracellular mass (ECM)
can stay stable even if the BCM drops, which would be an
unfavorable effect if the ECM rises to the same extent. This

case would be even an indicator for a state of malnutrition.
However, the better preservation of body composition in the
RYGB group are in accordance with the publication of Strain
et al. who also found different outcomes after both procedures.
Nevertheless, these findings are in contrast to the early results
of the SM-BOSS study published last year that show no sig-
nificant difference in terms of percentage of excess BMI loss
[6].

This discrepancy of the current literature is obviously
contributed to the fact that most studies compare different
populations of patients. The results from the SM-BOSS
study strongly suggest that SG and RYGB lead to compa-
rable results when they are offered to patients in the same
BMI range.

That is why we used an analysis of covariance in order to
adjust for the initial BMI value to validly compare our results
to both above studies. The adjusted %EWL was not more
significantly different between the two groups and neither
were the other body composition parameters. The adjusted
results are in agreement with the findings of the SM-BOSS
study in terms of weight loss and at the same time provide a
satisfactory explanation as to why the statistical results com-
paring the two procedures differ from the daily experience of
many bariatric surgeons.

Because of the influence of initial BMI to %EWL, Ivan de
Laar suggested the use of percentage of total weight loss
(%TWL)—not %EWL—as an absolute assessment tool for
bariatric outcomes and goals. With no need to set an initial
reference point for the patient, %TWL can abolish initial BMI
variations among different patients or non-randomized
groups. Reflecting our results, showing major changes after
BMI adjustment in terms of %EWL and a nearly identical
%TWL along the six time points in the first year after opera-
tion, %TWL is the better choice to compare groups with dif-
ferent initial BMIs [19].

The maximum decrease in body fat, BCM, as well as the
cell proportion was observed during the first 6 weeks after
surgery. This negative body cell mass balance can be attribut-
ed to initial restriction or intolerance of food intake postoper-
atively that leads to increased muscle mass catabolism [20].
This negative balance may persist in spite of periodic
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nutritional assessment offered to all patients by our nutritionist
recommending increased protein intake. Moreover, we en-
couraged all patients to follow an active physical fitness pro-
gram aiming to preserve LBM despite increased postoperative
catabolism.

Patients deemed to be chronically protein deficient postop-
eratively were advised to consume additional protein supple-
ments via protein shakes, drinks, and/or powders.

According to the clinical practice guidelines for the periop-
erative nutritional support of the bariatric surgery patient pub-
lished by The Obesity Society, and American Society for Met-
abolic and Bariatric Surgery, we recommended a minimal
protein intake of 60 g/day and up to 1.5 g/kg ideal body
weight per day in order to reduce the loss of lean body mass
[21]. The results of our study shows that SG as well as RYGB
leads to a decrease in body cell mass and cell proportion dur-
ing the first 6 weeks and, following our results, both opera-
tions should be handled in the same way in terms of protein
supplementation.

Limitations

Beside the small study population, a randomization is neces-
sary to achieve a higher level of evidence. In addition, BIA
estimates and does not actually measure the body cell mass.
BIA devices are still accepted by many authors for monitoring
changes in body composition within individuals over time
[22, 23], but other studies demonstrated poor agreement be-
tween BIA and more advanced and precise techniques like
dual X-ray absorptiometry, specific bioelectrical vector anal-
ysis, or air displacement plethysmography [24–26].

Conclusion

The lack of weight balance between the groups at baseline
makes it hard to interpret the findings and conclusion, but
proper statistical tools reveal that there seems to be no signif-
icant difference between SG and RYGB regarding excess
body weight loss and body composition changes 1 year after
the operation.

%TWL is a valuable measurement tool which can be used
to assess and compare bariatric outcomes and abolish initial
BMI differences.

A long-term prospective randomized study is required to
support these results.
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