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a b s t r a c t 

Background: Laparoscopic Roux-en-Y gastric bypass, laparoscopic sleeve gastrectomy, and laparoscopic 

adjustable gastric banding all lead to substantial weight loss in obese patients. Long-term weight loss 

can be highly variable beyond 1-year postsurgery. This study examines and compares the frequency dis- 

tribution of weight loss and lack of treatment effect rates after laparoscopic Roux-en-Y gastric bypass, 

laparoscopic sleeve gastrectomy, and laparoscopic adjustable gastric banding. 

Methods: A total of 1,331 consecutive patients at a single academic institution were reviewed from a 

prospectively collected database. Preoperative data collected included demographics, body mass index, 

and percent excess weight loss. Postoperative BMI and %EWL were collected at 12, 24, and 36 months. 

Percent excess weight loss was analyzed by the percentiles of excess weight lost, and the distribution of 

percent excess weight loss was evaluated in 10% increments. Lack of a successful treatment effect was 

defined as < 25% excess weight loss. 

Results: Of the 1,331 patients, 72.4% (963) underwent laparoscopic Roux-en-Y gastric bypass, 18.3% (243) 

laparoscopic sleeve gastrectomy, and 9.4%(125) laparoscopic adjustable gastric banding. Mean percent ex- 

cess weight loss was greatest for laparoscopic Roux-en-Y gastric bypass, followed by laparoscopic sleeve 

gastrectomy, and then by laparoscopic adjustable gastric banding at every time point: at 2 years mean 

percent excess weight loss was 77.9 ± 24.4 for laparoscopic Roux-en-Y gastric bypass, 50.8 ± 25.8 for la- 

paroscopic sleeve gastrectomy, and 40.8 ± 25.9 for laparoscopic adjustable gastric banding ( P < .0 0 01). 

The rates of a successful treatment effect s for laparoscopic Roux-en-Y gastric bypass, laparoscopic sleeve 

gastrectomy, and laparoscopic adjustable gastric banding were 0.9%, 5.2%, and 24.3% at 1 year; 0.3%, 11.1%, 

and 26.0% at 2 years; and 1.0%, 25.3%, and 30.2% at 3 years. At 1 year, the odds ratio of lack of a success- 

ful treatment effect of laparoscopic sleeve gastrectomy versus laparoscopic Roux-en-Y gastric bypass was 

6.305 (2.125–19.08; P = .0 0 04), the odds ratio for laparoscopic adjustable gastric banding versus laparo- 

scopic Roux-en-Y gastric bypass was 36.552 (15.64–95.71; P < .0 0 01), and the odds ratio for laparoscopic 

adjustable gastric banding versus laparoscopic sleeve gastrectomy was 5.791 (2.519–14.599; P < .0 0 01). 

At 2 years, the odds ratio for laparoscopic sleeve gastrectomy versus laparoscopic Roux-en-Y gastric by- 

pass increased to 70.7 (9.4–531.7; P < .0 0 01), the odds ratio for laparoscopic adjustable gastric banding 

versus laparoscopic Roux-en-Y gastric bypass increased to 128.1 (16.8–974.3; P < .0 0 01), and the odds 

ratio for laparoscopic adjustable gastric banding versus laparoscopic sleeve gastrectomy decreased to 1.8 

(0.9–3.6; P = .09). 

Conclusion: This study emphasizes the existing variability in weight loss across bariatric procedures 

as well as in the lack of a treatment effect for each procedure. Although laparoscopic adjustable gas- 

tric banding has the greatest rate of a lack of a successful treatment effect, the rate remained stable 

over 3 years postoperatively. Laparoscopic sleeve gastrectomy showed a doubling in the rate of a lack 

of a successful treatment effect every year reaching 25% at year 3. The rates for lack of a successful 
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treatment effect for laparoscop  

3 years postoperatively. 
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Introduction 

Bariatric surgery has been shown to be an effective and en-

during long-term treatment for morbid obesity. 1 Laparoscopic

Roux-en-Y gastric bypass (LRYGB) has remained at the forefront

of bariatric procedures for the past 2 decades, with excellent

results. 2 The laparoscopic adjustable gastric banding (LAGB) has

seen more variation in overall results. 3 Lately, the laparoscopic

sleeve gastrectomy (LSG) has become widely adopted, recently

surpassing LRYGB as the most commonly performed bariatric

procedure in the United States according to the American Society

for Metabolic and Bariatric Surgery. 4 The current literature reports

outcomes after bariatric surgery using metrics such as percent

excess body weight loss, percent excess body mass index loss,

total absolute weight loss, and percent excess weight loss (%EWL).

Although each of these metrics of weight loss has its advantages

and limitations, all are typically reported using the mean ± stan-

dard deviation. Although reporting means and standard deviations

as measures of central tendency provides an adequate tool for

overall comparisons, these statistics often only partially describe

their corresponding distributions. Reports of weight loss as mean

± standard deviation of continuous variables (whether percent

or actual weight loss) assume a normal distribution of the data,

but if the data are not normally distributed, different statistical

tools are needed to analyze the reported data. Therefore, it is of

importance to know the variability that exists regarding weight

loss after each weight loss procedure and to evaluate if these data

follow a normal distribution. 

In clinical practice, variation in weight loss between patients

undergoing the same bariatric procedure is commonly observed.

Such variation is often poorly reflected by procedure-estimated

standard deviations alone. Indeed, 1 of the most challenging as-

pects of LAGB is the wide variation in weight loss that occurs

in this population. Bessler et al. demonstrated this variation in a

study on frequency distribution of weight loss after LRYGB and

LAGB. This study confirmed that the distribution was different be-

tween the 2 procedures with initial weight loss being less pre-

dictable after LAGB and the 2–3 year weight loss no longer follow-

ing a normal, single-peak distribution. 5 The breadth of variation

between individuals undergoing the same procedure is potentially

important information, with potential clinical implications includ-

ing in individual selection of the appropriate procedure and pa-

tient counseling. This variation in results after LAGB for example

has led to multiple studies trying to identify predictors of success

after LAGB. 6–8 

The comparative rates of lack of a successful treatment ef-

fect of each procedure is also an important metric and is

seldom reported outside of revisional procedure publications. 9 

Multiple definitions have been published, but no clear consensus

exists regarding the definition of lack of a successful treatment ef-

fect in bariatric surgery. 10,11 Furthermore, although some compar-

ative effectiveness studies exist comparing the major procedures,

few studies have focused directly and specifically on the rates of

a lack of a successful treatment effect of the operations. 12–14 This

metric could, however, prove to be a useful tool for patient coun-

seling. 

The variability of weight loss and rates of a lack of a successful

treatment effect after bariatric surgery have not, to the best of our

knowledge, been measured nor compared between the 3 current,
ic Roux-en-Y gastric bypass remained stable at about 1% for the first

© 2018 Elsevier Inc. All rights reserved.

ost frequently performed bariatric procedures. The aim of this

tudy was to evaluate the heterogeneity of weight loss between

RYGB, LSG, and LAGB as well as compare their relative rates of a

ack of a successful treatment effect over the first 3 years postop-

ratively. 

ethods 

All patient data were collected prospectively and entered in

ur institutional IRB-approved database (2004–2014). Prospective

ata were collected for 1,331 consecutive patients and analyzed

etrospectively. Preoperative data collected included patients’ de-

ographic information, BMI, and excess body weight. Excess body

eight was calculated based on a goal BMI of 25 kg/m 

2 using their

deal body weight per the Metropolitan-Life Ideal Body Weight Ta-

les. Weight loss after bariatric surgery was tracked as change in

MI and as the %EWL. Postoperative BMI and %EWL were collected

t 3, 6, 12, 24, and 36 months. Total %EWL was analyzed by the

ercentiles of excess weight lost, and the distribution of %EWL

as evaluated in 10% increments. Treatment effect was classified

ased on the Reinhold criteria. 11 High weight loss effect was de-

ned as > 50% EWL, moderate weight loss effect was defined at

0% > EWL > 25%, and lack of a successful treatment effect as < 25%

WL. 

All operations were performed in a standardized, laparoscopic

ashion. LRYGB was performed with a standard LRYGB 30 cm 

3 

ouch and a 125-cm Roux limb. LSG was performed over an up-

er endoscope sizing the sleeve to approximately 36F. LAGB was

erformed using Allergan, Irvine, CA Realize, Cincinnati, Ohio. 

Descriptive statistics including mean, median, standard devia-

ion, skew, and kurtosis were calculated for each procedure at all

ime points. Mean weight for the 3 procedures at various time

oints were compared using the Kruskal-Wallis test. The Shapiro-

ilk normality test was used to determine whether %EWL distri-

utions followed a normal distribution. Conditional maximum like-

ihoods were used to produce estimates of odds ratios (ORs) and

5% confidence intervals (CI), Fisher’s exact test to produce P val-

es for differences in the rates of high treatment effect on weight

oss and lack of a successful treatment effect and the Brown-

orsythe method to test for differences in variance in %EWL. 15 

issing values were ignored. All statistical analysis was performed

sing SAS Studio 4.3. 

esults 

Patient demographics are detailed in Table 1 . LAGB patients

ere on average older and more often Caucasian, whereas LRYGB

atients had the greatest preoperative BMI and longest length of

tay. 

Weight loss results are illustrated in Fig 1 and detailed in

able 2 . As expected, mean %EWL was greatest for LRYGB, followed

y LSG, followed by LAGB at every time point. 

At 3 and 6 months, LRGB and LSG weight loss followed a sim-

lar non-normal distribution whereas LAGB followed a different

istribution. At 12 months, weight loss results followed a normal

istribution after all three procedures ( Table 2 ). However, at 24

nd 36 months, %EWL followed a normal distribution only after

RYGB but no longer for LSG or AGB. As shown in Fig 1 , both

AGB and LSG appear to follow a flatter distribution of %EWL at

4 and 36 months. Indeed, at 24-months postop for LSG and at
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Table 1 

Preoperative demographic data by procedure 

LRYGB ( n = 963) LSG ( n = 243) LAGB ( n = 125) P value 

Age, y (mean ± SD) 45.31 ± 10.64 45.97 ± 11.20 47.74 ± 12.20 .0572 

Weight, lb (mean ± SD) 287.3 ± 54.45 268.8 ± 46.81 268.7 ± 46.48 < .0 0 01 

BMI ∗ (mean ± SD) 46.92 ± 7.45 43.87 ± 6.13 43.35 ± 5.24 < .0 0 01 

Female (%) 81.5% 77.8% 75.2% .1408 

Caucasian race (%) 59.4% 51.9% 65.6% .0179 

Private insurance (%) 78.9% 78.6% 82.4% .0402 

∗ BMI calculated as kg/m 

2 

Table 2 

Characteristics of %EWL over time 

Procedure Mean ± SD Median (25th, 75th percentile) Range (min, max) Shapiro-Wilk P value Kurtosis 

12 months 

RYGB ( n = 916) 74.52 ± 21.98 72.29 (60.21, 88.35) ( −1.13, 164.2) < .0 0 01 .564 

LSG ( n = 219) 57.04 ± 22.76 57.37 (39.75, 70.67) (9.29, 124.3) .0097 .065 

LAGB ( n = 111) 40.60 ± 24.66 41.60 (24.97, 52.69) ( −27.09, 133.2) .0045 2.201 

24 months 

RYGB ( n = 334) 77.87 ± 24.36 77.20 (60.75, 92.87) ( −9.95, 192.0) < .0 0 01 2.516 

LSG ( n = 120) 50.76 ± 25.85 49.63 (32.69, 66.80) ( −3.66, 112.3) .1298 −.525 

LAGB ( n = 72) 40.85 ± 25.92 38.68 (23.77, 53.97) ( −17.52, 103.9) .0687 .057 

36 MONTHS 

RYGB ( n = 193) 75.58 ± 22.63 77.75 (60.74, 89.12) (23.93, 171.6) .0192 .974 

LSG ( n = 75) 43.69 ± 26.43 40.15 (22.84, 64.27) ( −20.01, 113.7) .4 94 8 −.109 

LAGB ( n = 43) 40.01 ± 24.01 37.21 (22.68, 60.02) ( −0.31, 96.37) .5423 −.520 

Table 3 

Postoperative treatment effect rates based on %EWL cutoffs 

12 months LRYGB ( n = 916) LSG ( n = 219) LAGB ( n = 111) 

Lack of a successful treatment effect (%EWL < 25%) 0.9% 6.4% 25.2% 

Intermediate treatment effect (25% < %EWL < 50%) 10.7% 32.6% 45.1% 

High treatment effect (%EWL ≥ 50%) 88.4% 61.0% 29.7% 

24 months LRYGB ( n = 334) LSG ( n = 120) LAGB ( n = 72) 

Lack of a successful treatment effect (%EWL < 25%) 0.3% 17.7% 27.8% 

Intermediate treatment effect (25% < %EWL < 50%) 10.8% 34.5% 43.1% 

High treatment effect (%EWL ≥50%) 88.9% 47.9% 29.2% 

36 months LRYGB ( n = 193) LSG ( n = 75) LAGB ( n = 43) 

Lack of a successful treatment effect (%EWL < 25%) 1.0% 25.3% 30.2% 

Intermediate treatment effect (25% < %EWL < 50%) 12.4% 36.0% 37.2% 

High treatment effect (%EWL ≥ 50%) 86.5% 38.7% 32.6% 

Table 4 

Odds of high treatment versus lack of a successful treatment effect: weight loss 12 months after bariatric surgery 

Reference Comparison High effect on weight loss (%EWL ≥ 50%) Lack of a successful effect on weight loss Brown-Forsythe P value 

OR 95% CI P value OR 95% CI P value 

LRYGB LSG 0.21 0.15–0.29 < .0 0 01 7.8 3.2–18.7 < .0 0 01 .44 

LRYGB LAGB 0.06 0.04–0.09 < .0 0 01 38.2 16.9–86.7 < .0 0 01 .37 

LSG LAGB 0.27 0.17–0.45 < .0 0 01 4.9 2.5–9.9 < .0 0 01 .79 

Table 5 

Odds of high treatment versus lack of a successful treatment effect: weight loss 24 months after bariatric surgery 

Reference Comparison High effect on weight loss (%EWL ≥ 50%) Lack of a successful effect on weight loss (%EWL < 25%) Brown-Forsythe P value 

OR 95% CI P value OR 95% CI P value 

LRYGB LSG 0.11 0.1–0.2 < .0 0 01 70.7 9.4–531.7 < .0 0 01 .19 

LRYGB LAGB 0.05 0.0–0.1 < .0 0 01 128.1 16.8–974.3 < .0 0 01 .66 

LSG LAGB 0.46 0.2–0.9 .01 1.8 0.9–3.6 .09 .60 
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6-months postop for both LAGB and LSG had negative Kurtosis

alues ( −0.525, −0.109, and −0.520 respectively), whereas LRYGB

ontinued to have a positive Kurtosis value (Kurtosis = .974). The

ffects of treatment on weight loss are detailed in Table 3 . Odds

f high treatment versus lack of a successful treatment effect are

eported in Tables 3 –6 . At 1 year, lack of successful treatment
ffect rates were different between each pair of procedures (all

 ’s < .0 0 01). At this time point of 1 year postop, the OR of lack

f a successful treatment effect of the LSG compared to LRYGB

as 6.305 (2.125–19.08; P = .0 0 04). When LAGB was compared to

RYGB, the OR was 36.552 (15.64–95.71; P < .0 0 01) and comparing

AGB to LSG, the OR was 5.791 (2.519–14.599; P < .0 0 01). 
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Fig. 1. Frequency distribution of %EWL in 10% increments for LRYGB, LSG, and LAGB patients. 

Table 6 

Odds of high treatment versus lack of a successful treatment effect: weight loss 36 months after bariatric surgery 

Reference Comparison High effect on weight loss (%EWL ≥ 50%) Lack of a successful effect on weight loss (%EWL < 25%) Brown-Forsythe P value 

OR 95% CI P value OR 95% CI P value 

LRYGB LSG 0.10 0.05–0.18 < .0 0 01 32.4 7.3–143.4 < .0 0 01 .12 

LRYGB LAGB 0.08 0.04–0.16 < .0 0 01 41.4 8.9–192.6 < .0 0 01 .55 

LSG LAGB 0.77 0.35–1.7 .51 1.3 0.6–2.9 .57 .57 
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Table 7 

Baseline participant characteristics by missing follow-up data 

Baseline traits 12-month data Follow-up rate: 93.6% 24-month data Follow-up rate: 39.5% 36-month data Follow-up rate: 23.4% 

Not missing Missing P value Not missing Missing P value Not missing Missing P value 

Age, y (mean ± SD) 45.8 ± 10.9 43.5 ±10.9 .0625 46.0 ±10.9 45.4 ±10.9 .3156 46.2 ±10.8 45.5 ±10.9 .3163 

Weight, lb (mean ± SD) 282.6 ±53.4 274.9 ±48.0 .1918 281.2 ±55.4 282.8 ±51.5 .5962 278.2 ±52.0 283.4 ±53.3 .1311 

BMI ∗ (mean ± SD) 46.1 ±7.2 44.7 ±6.3 .0819 45.9 ±7.4 46.1 ±7.1 .4992 45.8 ±6.9 46.1 ±7.3 .4718 

Female (%) 80.3 80.0 .9541 79.3 80.9 .4758 81.0 80.0 .6899 

Caucasian race (%) 59.1 51.8 .5261 54.6 61.2 .0033 54.0 60.0 .2188 

Private insurance (%) 79.0 81.2 .1241 78.1 79.8 .5186 76.8 79.9 .4281 

Fig. 2. Average %EWL over time. 
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At 2 years postop, the OR of lack of a successful treatment ef-

ect for LSG compared to LRYGB increased to 70.7 (9.4–531.7; P <

0 0 01), when LAGB was compared to LRYGB the OR became 128.1

16.8–974.3]; ( P < .0 0 01), and comparing LAGB to LSG the OR de-

reased to 1.8 (0.9–3.6; P = .09). 

At 3 years postop, the OR of lack of a successful treatment ef-

ect for LSG compared with LRYGB was to 32.4 (7.3–143.4; P <

0 0 01), when LAGB was compared to LRYGB the OR was 41.4 (8.9–

92.6; P < .0 0 01) and comparing LAGB to LSG the OR decreased to

.3 (0.6–2.9; P = .57). 

iscussion 

This study highlights the variability regarding weight loss out-

omes after the 3 most common current bariatric procedures. Het-

rogeneity of weight loss ( Fig. 2 ) was comparable between the dif-

erent procedures for the first postoperative year, but at the 2- and

-year time points, weight loss after LSG and LAGB no longer fol-

owed a normal distribution, whereas after LRYGB, the weight loss

emained normally distributed. 

Similar to what has been reported previously regarding weight

oss or complication rates, 12–14 heterogeneity and lack of treatment

ffect rates of weight loss after LSG appear to be between those

f LRYGB and LAGB. The progressive increase in lack of a success-

ul treatment effect as well as the change in distribution over time

aises the question of patient selection and other factors that influ-

nce weight loss after LSG. Further studies should be performed to

etter determine these factors and improve selection of the best

rocedure for patients. More importantly, the rates of a lack of

 successful treatment effect were very markedly different after

ll 3 procedures. LRYGB provided the lowest rate of a lack of a
uccessful treatment effect (when measured as %EWL of all 3 pro-

edures with a steady and very low rate of a lack of a successful

reatment effect of under 1% at 1 or 2 years postop). Patients un-

ergoing LSG had a 7.8-fold increased risk of a lack of successful

reatment effect at 1 year and a 7.1-fold increased risk at 2 years

ompared to LRYGB. Although the LAGB was even less successful

han the LSG, the rates of a lack of a successful treatment effect af-

er LAGB were nearly constant over the first 2 postoperative years.

Each year, the lack of a successful treatment effect doubled in

he LSG group. This finding is noteworthy because LSG has become

ore common and further long-term studies are required to deter-

ine if and when a plateau is achieved. It is important to deter-

ine if the rates of recidivism are going to become a potentially

etrimental issue for patients undergoing LSG. This increasing rate

f a lack of a successful treatment effect may foreshadow the need

or LSG patients to require further intervention or surgical conver-

ion in the coming years. Furthermore, this worrisome rate of a

ack of a successful treatment effect at 1 and 2 and 3 years in-

reases the need to identify at-risk patients, ideally preoperatively,

o guide them preferentially toward LRYGB as a preferred proce-

ure choice. 

Indeed, our results demonstrate that LRYGB remains the most

fficient bariatric procedure analyzed here, with the lowest lack of

 successful treatment effect and the most predictable outcomes in

erms of expected weight loss. 

It should be noted that although weight loss in an important

utcome of bariatric procedures, resolution of comorbidities, and

specially diabetes, likely carries the greatest clinical benefit for

ur patients. Weight loss outcomes should not be the only fac-

or to impact decision-making. Furthermore, clinically relevant im-

rovements in comorbidities will occur even with lesser amounts

f weight loss. Our paper, however, provides novel information that

ould improve the counseling of our patients in terms of weight-

elated recidivism risks after bariatric procedures. Certain limita-

ions of this study need to be mentioned, mostly inherent to its

etrospective analysis design. First, procedure selection was not

andomized, and the criteria of our group for selecting LSG versus

RYGB are reflected in the demographic table. Patients with dia-

etes or a greater BMI are more likely to undergo LRYGB. Similarly,

SG could not be performed on Medicare patients for a portion

f time, making LAGB a more frequent procedure in this popula-

ion. Second, loss to follow-up remains a substantial issue, espe-

ially after the first postoperative year. Although our team deploys

onsiderable and repeated effort s to cont act patient s f or f ollow-

p, the follow-up rate in most all bariatric practices remains an

nsolved problem and requires continuing improvement. We did

ompare preoperative characteristics between patients with and

ithout follow-up ( Table 7 ), but no significant differences were

ound except for race at 2 years. 

In conclusion, this study emphasizes the existing variability in

eight loss across the 3 currently popular bariatric procedures as

ell as in the lack of a successful treatment effect as defined by

 25% EWL. Although LAGB has the greatest rate of a lack of a suc-

essful treatment effect, the rate tended to remain stable over the
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first 3 postoperative years. LSG showed a doubling in the rate of a

lack of a successful treatment effect every year, reaching fully 25%

at year 3, whereas rates for LRYGB stayed stable at about 1%. The

variability and increases in the rate of a lack of a successful treat-

ment effect seen after LSG should mandate further research into

the factors influencing weight loss after LSG. 
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