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Abstract
Background Few studies have examined weight loss sustain-
ability after sleeve gastrectomy (SG). The purpose of this
study was to determine long-term outcome after SG and gas-
tric bypass (GBP) and learn whether preoperative weight loss
and binge eating behavior can be used to predict outcome.
Materials and Methods Together, 257 patients (64 % women)
were operated, 163 by GBP and 94 by SG. Binge eating was
assessed by binge eating scale (BES) and preoperative weight
loss was advised to all, including very low-calorie diet for
5 weeks. Postoperative visits took place at 1 and 2 years,
and long-term outcome was at median 5 years (range 2.29–

6.85). Multivariate linear regression analysis was used to pre-
dict outcome at 2-year and long-term control.
Results Median age was 48 years, weight 141.1 kg, and BMI
48.2 kg/m2. Preoperative weight loss was median 4.9 % be-
fore GBP and 3.8 % before SG, P=0.04. Total weight loss at
year one was 24.1 % in GBP and 23.7 % in SG (P=0.40), at
year two 24.4 and 23.4 % (P=0.26), and at long-term control
23.0 and 20.2 % (P=0.006), respectively. Weight was ana-
lyzed in 93, 88, and 89% of those alive, respectively. BES did
not predict weight outcome, but larger preoperative weight
loss predicted less postoperative weight loss at 2 years.
Conclusion On long term, weight loss was better maintained
after GBP comparedwith SG. Binge eating behavior was not a
significant predictor, but larger preoperative weight loss pre-
dicted less postoperative weight loss for the next 2 years.

Keywords Sleeve gastrectomy . Gastric bypass . Long-term
outcome . Predictors

Introduction

Together with the global obesity epidemic, incidence of mor-
bid obesity has increased progressively during the past de-
cades [1, 2] and forecast suggests further increase [3]. At pres-
ent, based on the achieved amount of weight loss with favor-
able effects on co-morbidities [4, 5] and quality of life [6],
expert guidelines recommend bariatric surgery as the most
effective therapy for morbidly obese patients.

These same data, however, show poorly sustained weight
loss especially after vertical banded gastroplasty and gastric
band [4]. These operations have been replaced by sleeve gas-
trectomy (SG) which has shown comparable initial weight
loss as gastric bypass (GBP). Yet, data of long-term weight
loss maintenance after SG are limited [7]. Furthermore, only
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29 of 1136 bariatric studies have reported long-term follow-up
reliably, i.e., over 2 years with 80% retention rate [7]. As non-
responders to any therapy of obesity are known to be most
likely lost to follow-up, the estimates of efficacy of bariatric
surgery may be positively biased overall. Reliable long-term
follow-up studies are still needed.

Suboptimal weight loss after bariatric surgery has been
related to non-surgical rather than to surgical factors. Given
the high number of reports that have been published in this
field, surprisingly little is known of factors predicting postop-
erative weight loss [8]. Binge eating behavior, a relatively
common condition among surgery candidates, has been asso-
ciated with both impaired [9–11] and improved [12–14]
weight loss after bariatric surgery, while others have not found
any relationship [15]. Although binge eating is not a contra-
indication to bariatric surgery, assessment of binge eating pre-
operatively has been suggested [16] and clinicians may still
hesitate whether surgery is suitable for bingers. To find pre-
dictors of favorable outcome, preoperative weight loss has
also been studied with highly inconsistent findings [8].

The purpose of this study is to compare short- and long-
term weight losses after laparoscopic GBP and SG. In addi-
tion, we examined the role of binge eating behavior and pre-
operative weight loss as predictors of treatment response.

Methods

Study Design and Patients

Screening The bariatric unit at Peijas Hospital, Helsinki
University Hospital, initiated December 2007, and by the
end of 2009, had performed 264 operations in 262 pa-
tients. Of them, 163 underwent laparoscopic GBP and
94 laparoscopic SG, and the results of these 257 patients
are reported here. In addition, one patient underwent du-
odenal switch, four removal of previously inserted gastric
band, and two initial SG converted soon to GBP accord-
ing to a preoperative plan.

The patients were referred for bariatric surgery from prima-
ry and occupational health care and were screened by endo-
crinologist and bariatric surgeon. Criteria were BMI >40 with-
out or >35 kg/m2 with comorbidity, age <65 years at the time
of consultation, and previous participation in a conservative
weight reduction program without sustained weight loss, mo-
tivation toward, and understanding of the risks of bariatric
operation and eating limitations postoperatively. The contra-
indications, defined by interview and medical history, were
current severe psychiatric problem/bulimia nervosa or drug/
alcohol abuse and severe cardiopulmonary disease.

The initial appointment with the endocrinologist included
physical examination, medical history, laboratory evaluation,
and assessment of binge eating and was followed by screening

by surgeon. Preparation for surgery included preoperative and
postoperative nutrition education. Patients were instructed to
start 5 weeks prior surgery a very low-calorie diet (VLCD) as
only food. These commercially available diets provide 52–
58 g of protein; 52–64 g of carbohydrates; 8–13 g of fat and
daily requirements of vitamins, trace elements, and minerals;
and daily energy intake of 2200–2340 kJ.

Perioperative and postoperative phases All procedures
were performed as previously prescribed [17] by three sur-
geons (ML, NJ, and AJ). The type of bariatric surgery was
chosen by the surgeon with the patient’s agreement. GBP was
the operation of choice. SG was chosen for those with im-
paired respiratory capacity, incipient liver cirrhosis, coagulop-
athy, inflammatory bowel disease, severe intra-abdominal ad-
hesions, BMI>60 kg/m2, age>60 years, permanent need for
NSAIDs, or patient’s preference. Surgical method was ran-
domized among few patients, since they participated in a mul-
ticenter study comparing GBP and SG [17]. All patients re-
ceived standard dietary instructions preoperatively and
postoperatively.

Appointments with endocrinologist were at 3 months, year
one, and year two. Long-term follow-up data was collected by
the end of year 2014. Weights were collected retrospectively
from medical records. If not available, we asked weight by
phone.

Measurements

Weight was measured with light clothing and no shoes using a
digital scale with an accuracy of 0.1 kg at initial visit with
endocrinologist (baseline weight), in the morning of the oper-
ation (operation weight), at 1- and 2-year control with the
endocrinologist. Long-term weight was collected from medi-
cal records. There were four pregnancies postoperatively (2.3,
2.6, 4, and 5 years after surgery). Weight prior pregnancy was
used as long-term weight. If no measured weight was avail-
able, we asked current weight by phone and 2 kg was added to
self-reported weight [18].

To identify binge eating behavior, a self-rated question-
naire, the binge eating scale (BES) was used [19]. The BES
has been developed to assess binge eating problem in the
obese. In clinical practice, a cutoff, little or no problem score,
is 17, moderate bingers score from 18 to 26, and patients with
serious problems score 27 or more.

Statistics

Results are given as median and ranges or number of
patients and percentages. Preoperative weight loss was
calculated baseline weight–operation weight. Weight
change was calculated as total weight loss percent
(%TWL) (weight change /base l ine or opera t ion
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weight) × 100, as BMI change (current BMI baseline or
operation BMI) and as percent excess weight loss
(%EWL). This was calculated as current weight−BMI
25 weight = excess body weight, percent excess weight
loss = (current excess weight/baseline or operation excess
weigh t ) × 100 . L inea r regress ion ana lys i s wi th
bootstrapping (1000 samples) was used to find out signif-
icant factors and covariates affecting weight loss percent
at 2-year and at long-term control. In multivariable anal-
ysis age (dichotomized at 45 years), comorbidity, opera-
tion type, preoperative weight loss, and baseline BMI
were included into the model. The exact Kolmogorov-
Smirnov test was used to assess the normality of contin-
uous variables. The continuous variables included into the
linear regression analysis were normally distributed. Two-
sided P values were used. P values <0.05 were considered
statistically significant. Data was analyzed with IBM
SPSS software (v22, IBM Corporation, NY).

Results

The baseline characteristics are given in Table 1. The median
age was 48 years, weight 141.1 kg, BMI 48.2 kg/m2, all were
Caucasians, and 64 % women. Preoperatively, median weight
loss was 4.9 % (range 9.6 % gain to 18.0 % loss) for those
undergoing GBP and 3.8 % (range 8.7 % gain to 37.3 % loss)
for those undergoing SG, P=0.04 between groups.

Median long-term follow-up was 5.0 years (range 2.3–6.9),
5.0 years (range 2.4–6.6) for GBP, and 4.8 years (range 2.3–
6.9) for SG, P=0.12 between the interventions.

Attrition Together, 20 patients did not attend 1-year con-
trol. Two of them had died, a 53-year-old man 7 months,
and a 42-year-old man 8 months after SG. At 2-year con-
trol, 34 were not contacted; one of them was a 59-year-old
woman with SG who had died in septicemia. Thus, of
those alive, 93 % (237/255) attended 1-year and 88 %
(223/254) 2-year control. At long-term follow-up, weight
of 28 patients was not available. Eight of them had died
after 2-year control, a 65-year-old man (incarcerated her-
nia and peritonitis) and a 51-year-old woman after SG.
After GBP, a 66-year-old man (carcinoma), a 51-year-
old man, a 59-year-old woman (lymphoma and cirrhosis
of liver), a 58-year-old man (alcohol abuse), a 57-year-old
man, and a 36-year-old woman had died. Taken together,
11 (4 %) patients had died during the follow-up. Of the
246 patients alive, weight data of 218 (89 %) was collect-
ed from hospital records or was reported (41 %) by phone
median 5 years after operation. Of the GB patients, 61
(45 %), and of the SG patients, 30 (37 %), self-reported
their weights.

Weight loss data are shown in Table 2 and Fig. 1. At 1-year
control, median weight loss was 24.1 % of baseline weight in
the GBP group and 23.7 % in the SG group, P=0.40. At 1-
year control, weight loss was less than 10 % from baseline

Table 1 Baseline characteristics
of the patients, data are median
(range) or n (%)

All (n = 257) Gastric bypass
(n= 163)

Sleeve gastrectomy
(n= 94)

P between
groups

Age, years 48.0 (24–67) 47.0 (24–63) 49.0 (24–67) 0.31

Female 165 (64) 102 (63) 63 (67) 0.50

Working 196 (78) 127(80) 69 (76) 0.52

Weight, kg 141.1 (96.2–230.0) 144.3 (92.6–205.2) 131.1 (101.1–230.0) 0.06

BMI, kg/m2 48.2 (36.8–77.1) 49.2 (38.7–68.21) 47.4 (36.8–77.1) 0.46

BES scorea 12 (0–38) 13 (0–36) 11 (0–38) 0.15

Medical condition

Type 2 diabetesb 108 (42) 68 (42) 40 (43) 0.90

Hypertensionc 172 (67) 109 (67) 63 (67) 1.0

Sleep apneoad 72 (28) 45 (28) 27 (29) 0.89

Knee/ankle arthrosise 85 (33) 59 (36) 26 (28) 0.17

Psychiatric disorderf 56 (22) 38 (23) 18 (19) 0.60

a Binge eating scale, n = 221 for all (n = 142 in gastric bypass and n= 79 in sleeve gastrectomy)
bDefined as a history of type 2 diabetes, a fasting glucose concentration of 7.0 mmol/l or more, or a use of
glucose-lowering medication
c Defined as a history of hypertension or use of antihypertensive medication
dDefined as a history of diagnosed sleep apnoea
e Defined as a history of arthrosis of knee or ankle
f Defined as a history of previously diagnosed psychiatric disorder
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weight in three patients (2 %) after GBP and in six (7 %) after
SG, P=0.08, and from operation weight 10 (7 %) and 11
(13 %), P=0.15, respectively. At long-term follow-up, weight

loss was greater in the GBP group (median 23.0 %) compared
with the SG group (median 20.2 %), P=0.006, and the per-
centage of patients who achieved weight losses of 10 or 20 %
was higher after GBP than after SG. However, similar percent-
age of patients in both groups achieved 30 % weight losses on
long term (Table 3).

Effect of Preoperative Binge Eating on Weight Loss

Preoperative BES score did not correlate with the weight
loss percent of baseline weight of all patients at year one
(r= 0.028, 95 % confidence interval (CI) −0.102–0.175,
P = 0.69), year two (r = 0.014, 95 % CI −0.127–0.155,
P= 0.84), or at long term (r=−0.035, 95 % CI −0.172–
0.108, P= 0.63; Fig. 2). Correlations were similar between
BES score and postoperative weight loss (data not
shown). In neither of the surgical groups (GBP or SG),
correlation was found between BES score and weight loss
at year one, year two, or at long term (data not shown).
BES score did not correlate with preoperative weight loss,
r=−0.11, P= 0.10.

Table 2 Median (ranges)
changes in BMI, total weight loss
percentage (%TWL), and extra
weight loss percentage (%EWL)
from baseline and from operation
in all and in both operations

All Gastric bypass Sleeve gastrectomy P between
operations

ΔBMI from baseline

Year 1 12.0 (0.8–29.8) 12.1 (1.6–24.0) 11.3 (0.8–29.8) 0.37

Year 2 11.8 (−3.0–30.2) 12.0 (1.7–28.4) 10.8 (−3.0–30.2) 0.19

Long term 10.5 (−2.7–32.6) 11.6 (−2.7–32.6) 9.2 (−1.2–27.8) 0.002

ΔBMI from operation

Year 1 9.4 (−1.4–19.7) 9.4 (1.4–19.7) 9.5 (−1.4–18.9) 0.68

Year 2 9.4 (−2.5–23.8) 9.8 (1.2–23.8) 8.2 (−2.5–23.8) 0.23

Long term 8.0 (−6.3–26.6) 8.8 (−6.3–26.6) 7.0 (0.1–23.3) 0.003

% TWL from baseline

Year 1 23.9 (1.8–43.2) 24.1 (4.1–43.0) 23.7 (1.8–43.2) 0.40

Year 2 23.9 (−7.1–53.0) 24.4 (4.2–50.7) 23.4 (−7.1–53.0) 0.26

Long term 21.5 (−5.9–53.6) 23.0 (−5.9–53.6) 20.2 (−2.5–49.6) 0.006

% TWL from operation

Year 1 20.1 (−3.3–39.3) 20.3 (3.4–39.3) 19.9 (−3.3–37.8) 0.57

Year 2 19.5 (−5.7–48.7) 20.1 (2.9–47.3) 17.8 (−5.7–48.7) 0.19

Long term 17.7 (−14.9–48.5) 19.1 (−14.9–48.5) 15.2 (0.2–47.1) 0.007

% EWL from baseline

Year 1 49.3 (4.2–100.6) 49.5 (11.3–100.6) 48.7 (4.2–94.7) 0.16

Year 2 49.0 (−17.0–117.0) 49.0 (11.7–104.5) 49.0 (−17.0–117.0) 0.46

Long term 44.7 (−13.0–109.4) 46.9 (−13.0–107.0) 43.0 (−5.2–109.4) 0.03

% EWL from operation

Year 1 44.7 (−8.2–100.9) 44.7 (8.2–100.9) 44.5 (−8.2–92.8) 0.72

Year 2 42.8 (−15.0–120.8) 43.1 (7.6–105.7) 40.7 (−15.0–120.8) 0.24

Long term 39.9 (−36.7–111.6) 42.1 (36.7–108.8) 35.3 (0.5–111.6) 0.03

All patients n = 237 year 1, n = 223 year 2, n = 218 at long-term control; gastric bypass n= 150 year 1, n= 137 year
2, n= 134 at long-term control; sleeve gastrectomy n= 87 year 1, n= 76 year 2, and n= 84 at long-term control.
Statistically significant at level P< 0.02 with Bonferroni correction (0.05/3)

Fig. 1 Mean (±SEM) percentage change in body weight from baseline
(screening) to long-term follow-up
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Predictors of Postoperative Weight Loss Tables 4 and 5
show the results for univariate and multivariate regression
analyses with postoperative weight loss percent at 2-year
and long-term control as the dependent variable. At 2-year
control, multivariable analysis showed that larger preoperative
weight loss was a significant, negative predictor of postoper-
ative weight loss. At long-term control, multivariable analysis
indicated that SG predicted less postoperative weight loss and
there was a trend (P=0.05) of larger preoperative weight loss
to predict less postoperative weight loss.

Discussion

In this study of 257 patients, we demonstrated median
23 % weight loss 5 years after GBP and 20.2 % after
SG, BMI losses being 11.6 and 9.2 and EWL being 46.9
and 43 %, respectively. Together, 65 % of patients after
GBP and 42 % after SG had over 20 % weight losses
5 years postoperatively. Previously, 6-year outcome after
GBP was reported by Adams et al. [20] with mean

27.7 % weight loss and BMI change of 12.9 and EWL
change of 58 %. In the Swedish Obese Subject (SOS)
study, weight loss was about 26 % at 6 years with 63 %
retention [4]. Our results after GBP are comparable with
these long-term studies. Previous systematic reviews
have reported better outcome, but they may be optimistic
estimates as most report shorter outcome [7] or retention
rate in lower [21].

Long-term weight loss studies after SG are few. Kehagias
et al. [22] reported 5-year outcome with 77.7 % retention
being 57.6 % of EWL in younger and less obese patients
compared with our patients. In our non-randomized study,
we report slightly poorer long-term outcome after SG com-
pared with GBP. Patients with more severe health problems
underwent SG, and this may effect on weight loss. Further
studies with long-term follow-up are needed to see if what
our study suggests is true and weight loss after SG, as after
many other gastric procedures, is poorer than after GBP.

Binge eating behavior preoperatively, measured by BES,
did not predict postoperative weight outcome in this study.
This is consistent with some previous studies [15], but binge
eating has also been associated with impaired [9–11] and im-
proved [12–14] weight losses. Severalmethods have been used
to assess binge eating making comparison across studies diffi-
cult. We used BES, which has been considered suitable to
measure binge eating behavior [23]. Median scores of our pa-
tients were relatively low but range was large. However, we
did not find any correlation between BES scores and weight
loss. In line with our study,Wadden et al. [24] recently reported
that patients with and without binge eating disorder were
equally successful in weight loss after bariatric surgery. Our
long-term result suggests that for preoperative patient selection
purposes, binge eating behavior need not to be assessed.

Preoperative weight loss has been studied as a sign of
beneficial behavior change and thus as a predictor of suc-
cessful weight loss. However, similar to Limbach et al.
[25], we found that larger preoperative weight loss pre-
dicted less postoperative weight loss. Systematic review
by Livhits et al. [8] reported mixed results; seven studies
showed a positive association between preoperative and
postoperative weight losses, six reported no correlation,
and one found negative association. These studies differ
in length of follow-up, and this may partly explain dis-
crepancies. At our long-term control, this negative associ-
ation between preoperative and postoperative weight
losses was marginally significant. One explanation may
be that among those who started to lose weight prior sur-
gery, weight loss leveled off earlier postoperatively. Based
on our results, preoperative weight loss, by itself, is not
suitable to select patients for and predict success after
bariatric surgery. Still, further research is urgently needed
to understand difficulties with weight loss maintenance
after bariatric surgery.

Fig. 2 Relationship between preoperative binge eating score and weight
loss percent of baseline weight at long-term follow-up, r= 0.028,P= 0.69

Table 3 Number (%) of patients in both interventions who lost ≥10,
≥20, and ≥30 % of baseline weight at long-term follow-up

Weight loss criterion Long-term
follow-up

P between
operations

≥10 %

Gastric bypass
Sleeve gastrectomy

127 (95)
69 (82)

0.005

≥20 %

Gastric bypass
Sleeve gastrectomy

87 (65)
42 (50)

0.03

≥30 %

Gastric bypass
Sleeve gastrectomy

33 (25)
16 (19)

0.41
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Partial regain of the lost weight in this study is consistent
with previous long-term bariatric studies. We did not examine
weight-related behaviors, but according to Bond et al. [26],
behaviors that are needed to maintain large weight losses after
bariatric surgery are similar to those needed after non-surgical
weight loss. In the SOS study, one third of the lost weight was
regained within 5 years, and this was related to difficulties to
follow postoperative diet and decreasing amount of exercise
[4]. Loss of control over eating and grazing postoperatively
has also been related to poorer weight loss outcome [27].
Further, tendency of the postobese persons to regain weight
has been attributed to homeostatic processes that compete
against weight loss maintenance [28–30]. Moreover,
neuroreceptor alterations following bariatric surgery have
been described revealing link between the neuroreceptor sys-
tem and overeating [31]. Clearly, more research is needed to
understand weight regain following large weight losses.

The strengths of this study include high number of patients,
real-life clinical setting, long follow-up, and low attrition. The
present study has also limitations including lack of random-
ized design and being a one center study. Long-term weight
data was partly self-reported. However, we added 2 kg to this

in order to correct for the tendency for obese persons to un-
derreport their weight [18]. Good correlation with reported
and measured weights has been reported recently in patients
after bariatric surgery [32].

In conclusion, severe and morbid obesity poses a high risk
to health and life expectancy. In this pragmatic study, most
patients who underwent GBP or SG maintained 5-year weight
loss that is likely to improve their health and quality of life.
Variance in weight loss outcome was large and difficult to
predict preoperatively. Further research is needed to permit
firm estimate about true value of SG in long-termweight main-
tenance. Future research is also needed to better understand
postoperative weight regain and to find methods to prevent it.

Compliance with Ethical Standards
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Statement of Human Rights This study protocol was approved by the
Ethics Committee of Helsinki University Hospital and performed in com-
pliance with the Declaration of Helsinki. All procedures were performed

Table 5 Results of multivariable
regression analysis to predict
postoperative weight loss success
(% weight loss) at 2-year and
long-term control

Variable Two-year control Long-term control

Beta 95 % CI P Beta 95 % CI P

Age (>45 vs <45 years) −1.76 1.23, −4.81 0.221 −2.16 0.86, −5.03 0.15

Comorbidities (yes vs no) −4.76 0.20, −10.2 0.058 −2.18 3.41, −7.68 0.44

Operation (SG vs GBP) −2.31 0.59, −5.15 0.123 −3.67 −0.86, −6.60 0.01

Preoperative weight loss percent −0.37 −0.59, −0.14 0.001 −0.25 −0.51, −0.02 0.05

BMI at baseline (kg/m2) 0.20 −0.01, 0.43 0.076 0.18 −0.04, 0.45 0.12

CI confidence interval, SG sleeve gastrectomy, GBP gastric bypass

Table 4 Results of univariate regression analysis to predict postoperative weight loss success (% weight loss) at 2-year and long-term control

Variable Two-year control Long-term control

Beta 95 % CI P Beta 95 % CI P

Age (>45 vs <45 years) −2.71 −5.37, −0.05 0.046 −2.73 −5.55, 0.09 0.057

Sex (women vs men) 0.19 −2.57, 2.95 0.893 0.46 −2.51, 3.44 0.761

Operation (SG vs GBP) −1.92 −4.70, 0.86 0.176 −3.49 −6.33, −0.64 0.016

Comorbidities (yes vs no) −4.40 −9.5, 0.71 0.091 −2.18 −7.15, −2.80 0.391

Working status (yes vs no) −0.77 −3.96, 2.41 0.635 −0.57 −3.95, 2.81 0.741

Preoperative weight loss percent −0.29 −0.53, −0.05 0.018 −0.19 −0.45, 0.07 0.152

Weight (<125, 125–140, 140–160, and >160 kg) 0.43 −0.74, −1.60 0.470 0.79 −0.43, 2.02 0.205

Baseline weight (kg) 0.01 −0.04, 0.06 0.610 0.02 −0.03, 0.08 0.392

BES score(>27 vs <27) 0.65 −5.47, 6.76 0.836 1.44 −4.66, 7.54 0.644

BES score (17–27 vs <17) 1.49 −1.74, 4.72 0.366 0.22 −3.18, 3.62 0.898

BMI at baseline (kg/m2) 0.15 −0.04, 0.34 0.129 0.16 −0.04, 0.35 0.110

CI confidence interval, SG sleeve gastrectomy, GBP gastric bypass, BES binge eating scale
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in accordance with the ethical standards of the regional research commit-
tee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.
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