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Abstract
Background Long-term laparoscopic sleeve gastrectomy (LSG) outcomes in patients with obesity are scarce. We aimed to 
examine the outcomes and subjective experience of patients who underwent primary LSG with long-term follow-up.
Methods The study is a retrospective observational analysis of patients who underwent primary LSG in a single center 
with 5–15 years of follow-up. Patients’ hospital chart data supplemented by a detailed follow-up online questionnaire and 
telephone interview were evaluated.
Results The study sample included 578 patients (67.0% female) with 8.8 ± 2.5 years of mean follow-up, with a response 
rate to the survey of 82.8%. Mean baseline age and body mass index (BMI) were 41.9 ± 10.6 years and 42.5 ± 5.5 kg/m2, 
respectively. BMI at nadir was 27.5 ± 4.9 kg/m2, corresponding to a mean excess weight loss (EWL) of 86.9 ± 22.8%. 
Proportion of patients with weight regain, defined as nadir ≥ 50.0% EWL, but at follow-up < 50.0% EWL, was 34.6% 
(n = 200) and the mean weight regain from nadir was 13.3 ± 11.1 kg. BMI and EWL at follow-up were 32.6 ± 6.4 kg/m2 
and 58.9 ± 30.1%, respectively. The main reasons for weight regain given by patients included “not following guidelines,” 
“lack of exercise,” “subjective impression of being able to ingest larger quantities of food in a meal,” and “not meeting with 
the dietitian.” Resolution of obesity-related conditions at follow-up was reported for hypertension (51.7%), dyslipidemia 
(58.1%) and type 2 diabetes (72.2%). The majority of patients (62.3%) reported satisfaction with LSG.
Conclusions In the long term, primary LSG was associated with satisfactory weight and health outcomes. However, weight 
regain was notable.
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Introduction

Laparoscopic sleeve gastrectomy (LSG) is the most fre-
quently performed bariatric/metabolic surgery (BMS) pro-
cedure worldwide largely due to its straightforward opera-
tive technique, minimal alteration of anatomy, absence of 
gastrointestinal anastomoses and foreign material, successful 
short- and mid-term weight loss, low morbidity, and capac-
ity for conversion to alternate BMS procedures [1–4]. Still, 
a paucity of long-term LSG studies with ≥ 7 years of mean 
follow-up has restricted the assessment of its sustained 

effectiveness and safety [5]. We herein present our long-term 
primary LSG results analyzing weight outcomes, obesity-
associated disease changes, and patient satisfaction.

Patients and Methods

Analysis of a detailed online questionnaire address-
ing long-term LSG follow-up supplemented by hospital 
chart data was conducted. Inclusion criteria included 
patients aged 18 ≤ years old who underwent primary 
LSG in our center and were followed for at least 5 years 
after surgery. Exclusion criteria included patients who 
underwent another MBS after the LSG. All patients met 
the standard inclusion criteria for BMS (i.e., body mass 
index [BMI] ≥ 40.0 or ≥ 35.0 kg/m2 with weight-associ-
ated medical conditions) [6]. LSG technique has been 
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previously described in detail [7]. Venous thromboem-
bolic prophylaxis was initiated within 12 h of surgery and 
continued for 2 weeks [8]. A bariatric dietitian provided 
detailed dietary guidance during recovery [9]. Patients 
were instructed to attend routine follow-up meetings with 
the bariatric multidisciplinary team.

An online questionnaire containing open-ended and 
multiple-choice questions was administered electronically 
by email or SMS text and verified by a telephone interview, 
when needed. The questionnaire (Appendix) included infor-
mation regarding weight outcomes, coexisting obesity-
related conditions (hypertension, hyperlipidemia, type 2 
diabetes mellitus [T2DM], obstructive sleep apnea), patient 
satisfaction, and reasons for weight regain. Follow-up data 
were obtained from the online questionnaire.

Percent excess weight loss (%EWL − ([initial weight − fol-
low-up weight] / [initial weight − ideal body weight]) × 100) 
and percentage of total body weight loss (%TWL) (([initial 
weight − follow-up weight]/[initial weight]) × 100) were cal-
culated. Weight regain was reported as the (1) proportion of 
patients that initially achieved ≥ 50% EWL at nadir, but then 
then fell to < 50% EWL at long-term follow-up; (2) weight 
gain in kilograms post nadir; (3) percentage of nadir weight; 
and (4) percentage of maximum weight lost. Information 
regarding post-LSG long-term weight loss and weight regain 
is presented for the whole population and for two subgroups 
of patients with follow-up of 5–10 years and ≥ 10 years. 
Patient privacy throughout the study was ensured through a 
password-protected de-identified participant code. The study 
protocol was approved by the institutional review board (# 
2,012,021-ASMC).

Statistical Analysis

Analyses were performed using Microsoft Excel 2016 
(Microsoft Corp. Redmond, WA) and the SPSS statistical 
package (IBM Corp. Released 2019. IBM SPSS Statistics for 
Windows, version 28.0. Armonk, NY: IBM Corp). Continu-
ous variables were presented as means ± standard deviations 
(SD), while dichotomous and categorical variables were pre-
sented as percentages and frequencies. Measures of change 
from baseline were analyzed with the dependent-samples 
t-test or the Wilcoxon test, as appropriate. In addition, com-
parisons of baseline characteristics between subgroups were 
calculated by Mann–Whitney U test and chi-square tests, 
as appropriate. To assess consistency between self-reported 
coexisting obesity-related conditions (i.e., diabetes, hyper-
tension, hyperlipidemia, and obstructive sleep apnea) with 
diagnoses obtained from electronic medical records, Cohen’s 
kappa was calculated for baseline data. The level of agree-
ment was classified as poor (≤ 0.01), slight (0.01–0.20), fair 
(0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), 

and almost perfect (0.81–1.00) [10–12]. All statistical 
tests were two-tailed and statistical significance was set at 
p < 0.05.

Results

Patient Baseline Characteristics

Of the 698 patients who were reached to participate in 
the study and met the inclusion criteria, 578 gave their 
consent and responded to the survey (response rate of 
82.8%). Furthermore, 33 patients were excluded from the 
study analysis due to conversion to another BMS. Most of 
these patients converted to one anastomosis gastric bypass 
(OAGB) (51.5%), Roux-en-Y gastric bypass (RYGB) 
(30.3%), and additional LSG (18.2%), while the leading 
reported reasons for additional MBS were weight regain 
(69.7%), and reflux, frequent vomiting, and eating difficul-
ties (45.5%).

Overall, the study sample included 578 (67.0% female) 
patients who responded to the questionnaires, and under-
went primary LSG between May 1, 2006, and December 
31, 2016, in our center. Their mean pre-surgery BMI and 
age were 42.5 ± 5.5 kg/m2 and 41.9 ± 10.6 years, respec-
tively. The most prevalent weight-related medical illnesses 
pre-surgery were dyslipidemia 43.9% (n = 254), followed by 
hypertension 27.7% (n = 160), T2DM 25.3% (n = 146), and 
obstructive sleep apnea 14.2% (n = 82). The most common 
additional procedure performed during primary LSG was 
a laparoscopic cholecystectomy (7.1%, n = 41), followed 
by hiatal hernia repair (6.6%, n = 38) (Table 1). The mean 
follow-up period was 8.8 ± 2.5 years (range: 5–14.4 years). 
Patients who responded to the survey had a similar pre-sur-
gical age, BMI, and gender distribution in comparison to 
non-respondents (41.9 ± 10.6 vs 43.3 ± 11.9 years, p = 0.235; 
42.5 ± 5.5 vs 42.9 ± 5.6 kg/m2, p = 0.463; 67 vs 70% female, 
p = 0.593; respectively).

Weight Outcomes

Mean nadir weight at a mean 12.8 ± 13.4 months follow-
ing surgery was 77.9 ± 15.5 kg. This weight loss equated 
to mean nadir TWL of 34.3 ± 8.1% and mean EWL of 
86.9 ± 22.8%. Overall, only 5.5% (n = 32) of primary LSG 
patients in our sample had insufficient weight loss (i.e., 
EWL < 50.0%) at nadir. Mean weight at 8.8 ± 2.5 years of 
follow-up was 91.3 ± 20.4 kg for the whole study popula-
tion. This corresponded to a mean TWL of 23.1 ± 11.4% and 
mean EWL of 58.9 ± 30.1%. Significant differences between 
patients with 5–10 and ≥ 10 years of follow-up were found 
for mean weight at present (89.5 ± 19.2 vs 95.4 ± 22.5 kg, 
p = 0.010), and corresponding mean TWL (24.1 ± 10.6 vs 
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20.9 ± 12.6%, p = 0.005), and mean EWL (61.7 ± 28.4 vs 
52.8 ± 32.8, p = 0.002).

The proportion of patients who reported on any weight 
gained from nadir was 91.7% (n = 530). The mean time 
interval reported between LSG and weight regain in 
years was 3.4 ± 2.0, and was similar between patients 
with different time intervals of follow-up. Mean weight 
regain was 13.3 ± 11.1 kg for the whole study popula-
tion, while less weight regain was reported in the group 
with 5–10 years of follow-up in comparison to the group 
with ≥ 10 years of follow-up (12.2 ± 9.5 kg vs 15.6 ± 13.7, 
p = 0.041).

Rate of weight regain, defined as nadir ≥ 50.0% EWL, 
but at follow-up < 50.0% EWL was 34.6% (n = 200), while 
this rate was lower in the group with 5–10 years of follow-
up in comparison to the group with ≥ 10 years of follow-up 
(n = 125 (31.3%) vs n = 75 (42.1%), p = 0.007) (Table 2).

Baseline characteristics of patients whose weight loss was 
successful at nadir (EWL ≥ 50%) but failed at long-term fol-
low-up (EWL < 50%) were similar, except for higher initial 
weight (121.8 ± 21.0 kg) and BMI (43.6 ± 5.2 kg/m2) and 
lower proportion of current smoking (12.0%, n = 24) as com-
pared to patients that succeeded both at nadir and at long-
term follow-up (115.9 ± 17.6 kg, 41.3 ± 4.9 kg/m2 and 24.0% 
(n = 82), P = 0.002, p < 0.001, and P = 0.001, respectively).

Primary LSG patient-reported reasons for weight 
regain are presented in Table 3. Over half of all patients 
(56.8%, n = 302) with weight regain reported that they 
“did not follow the MBS guidelines” recommended by 
their health professionals after LSG. The second most 
frequently reported reason for regain was “lack of exer-
cise” (51.9%, n = 276), followed by “patients’ subjective 
impression of being able to ingest larger quantities of 
food in a meal” (41.1%, n = 218), and “not meeting with 
a dietitian” (38.6%, n = 205). Also, weight regain due 
to “Covid-19 consequences” was mentioned in textual 
responses by some patients (1.7%, n = 9). Despite the 
fact that 91.7% (n = 530) reported at least some weight 
regain, the majority (62.3%, n = 360) were “sufficiently 
satisfied” with the procedure and “would choose LSG 
again.” Interestingly, similarity between patients with 
different follow-up time intervals was found with 
respect to of the reasons reported for weight regain 
(Table 3).

The questionnaire also offered possible reasons for choos-
ing a bariatric procedure other than LSG in the future, such 
as “today there are more advanced procedures” (28.0%, 
n = 162, answered “yes” on this item) and “because I’m not 
satisfied with the LSG” (13.8%, n = 80, answered “yes” on 
this item).

Hospitalizations, Procedures, and Clinical Follow‑up

Nine percent of patients (n = 52) visited the emergency 
room, and 12.3% (n = 71) were hospitalized at some 
point after primary LSG, not necessarily related to their 
surgery (Table 4). The majority of stated emergency 
room visits were related to BMS (78.8%, n = 41), with 
gallbladder stones reported as the most frequent cause 
(39%, n = 16), followed by abdominal pain, dehydration 
and vomiting (26.8%, n = 11), leak or necrosis (9.8%, 
n = 4), stenosis or stricture of the sleeve (7.3%, n = 3), 
bleeding (2.4%, n = 1), incisional hernia (2.4%, n = 1), 
iron deficiency anemia (2.4%, n = 1), and kidney stone 
(2.4%, n = 1).

Additional non-bariatric surgery after LSG was 
reported by 39.8% of patients (n = 230). Upper endoscopy 
was the most common invasive procedure reported (31.0%, 
n = 179), followed by plastic surgeries (9.7%, n = 56), 
cholecystectomy (9.3%, n = 54), gynecologic procedures 
(6.7%, n = 39), orthopedic surgeries (6.2%, n = 36), and 
hiatal, umbilical, and ventral hernia repair (4.0%, n = 23). 
About half (47.2%) of the patients reported that they suf-
fered from heartburn or took any drugs to treat heart-
burn. Only a minority of patients reported routine contact 
with the dietitian throughout long-term follow-up (6.9%, 
n = 40), and 55.2% (n = 319) reported undergoing routine 
blood tests after LSG (Table 4).

Table 1  Baseline patient characteristics and additional procedures 
during primary LSG

All data are based on electronic medical records

Characteristics Total LSG 
population 
(n = 578)

Age (yrs), mean ± SD 41.9 ± 10.6
Initial weight (kg), mean ± SD 118.9 ± 19.6
Initial height (m), mean ± SD 1.67 ± 0.09
Initial body mass index (k/m2), mean ± SD 42.5 ± 5.5
Females, n (%) 387 (67.0)
Female to male ratio 2.0:1.0
Smoking status, n (%) 105 (18.2)
Marital status, n (%)
  • Married 424 (73.4)
   • Divorced 74 (12.8)
  • Other 80 (13.8)

Prevalent associated medical conditions, n (%)
  • Hyperlipidemia 254 (43.9)
  • Hypertension 160 (27.7)
  • Obstructive sleep apnea 82 (14.2)
  • Type 2 diabetes 146 (25.3)

Additional laparoscopic procedures during LSG, n (%)
  • Cholecystectomy 41 (7.1)
  • Hiatal hernia repair 38 (6.6)
  • Umbilical or ventral hernia repair w/ mesh 7 (1.2)
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Table 2  Post-LSG long-term weight loss and weight regain

BMI, body mass index; TWL, total weight loss; EWL, excess weight loss
* Data were available for 575 patients
† Data were available for 530 patients
‡‡ Weight regain post nadir (kg) was calculated based on the following equation: (current weight − nadir weight)
‡ % weight regain of nadir weight was calculated based on the following equation: ([current weight − nadir weight] / [nadir weight]) × 100
§ % weight regain was of maximum weight lost was calculated based on the following equation: ([current weight − nadir weight] / (baseline 
weight − nadir weight]) × 100
Proportional distribution of weight regain (< 25%, ≥ 25– < 50%, ≥ 50%) was available for 530 patients since those who did not regain weight 
(n = 45) were excluded from these analyses
§§ Short follow-up successful patients, n (%) = patients with Nadir %EWL ≥ 50%, n (%), data were available for 573 patients
§§§ Short follow-up insufficient weight loss, n (%) = patients with Nadir %EWL < 50%, n (%), data were available for 573 patients
§§§§ Long follow-up successful patients, n (%) = patients with current weight %EWL ≥ 50%, n (%). Data were available for 576 patients
§§§§§ Long follow-up insufficient weight loss, n (%) = patients with current weight %EWL < 50%, data were available for 576 patients
†† Proportion of successful patients at nadir that succeeded at long follow-up = [number of patients with nadir EWL ≥ 50% that succeeded also at 
long follow-up as their current EWL ≥ 50% / number of patients with nadir EWL > 50%] × 100
††† Proportion of successful patients at nadir that failed at long follow-up = [number of patients with nadir EWL ≥ 50% that failed at long follow-
up as their current EWL < 50% / number of patients with nadir EWL > 50%] × 100

Parameter Total LSG popula-
tion (n = 578)

5–10 years of follow-up
(n = 400)

 ≥ 10 years of follow-up
(n = 178)

P-value between 5–10 
and ≥ 10 yrs follow-up

Short follow-up
  Time to achieve nadir (lowest weight from LSG) (mo.), 

mean ± SD
12.8 ± 12.4 12.9 ± 12.0 12.4 ± 12.1 0.826

  Nadir BMI (lowest BMI attained) (kg/m2), mean ± SD 27.5 ± 4.9 27.1 ± 4.6 28.4 ± 5.3 0.011
  Nadir weight (kg), mean ± SD 77.9 ± 15.5 77.2 ± 15.2 79.7 ± 16.1 0.153
  Nadir weight loss (kg), mean ± SD 40.9 ± 12.5 40.9 ± 12.1 40.8 ± 13.4 0.708
  Nadir TWL (%), mean ± SD 34.3 ± 8.1 34.5 ± 8.1 33.7 ± 8.2 0.475
  Nadir EWL (%) mean ± SD 86.9 ± 22.8 88.3 ± 23.1 83.7 ± 22.2 0.075
  Insufficient weight loss, n (%) 32 (5.5) 21 (5.3) 11 (6.2) 0.696
  Short follow-up successful patients, n (%)§§ 541 (94.4) 374 (93.5) 167 (93.8) 0.696
  Short follow-up insufficient weight loss, n (%)§§§ 32 (5.5) 21 (5.3) 11 (6.2) 0.696

Long follow-up
  Follow-up duration (yrs.), mean ± SD 8.8 ± 2.5 7.3 ± 1.9 11.9 ± 0.9  < 0.001
  Current weight (kg), mean ± SD 91.3 ± 20.4 89.5 ± 19.2 95.4 ± 22.5 0.010
  Current BMI (kg/m2), mean ± SD 32.6 ± 6.4 32.0 ± 5.9 34.1 ± 7.1 0.002
  Weight loss (kg), mean ± SD 27.5 ± 14.5 28.5 ± 13.5 25.2 ± 16.3 0.005
  Current TWL (%), mean ± SD 23.1 ± 11.4 24.1 ± 10.6 20.9 ± 12.6 0.005
  Current EWL (%), mean ± SD 58.9 ± 30.1 61.7 ± 28.4 52.8 ± 32.8 0.002

Weight regain
  Proportion that gained any weight from nadir, n (%)* 530 (91.7) 369 (92.2) 161 (90.4) 0.308
  Time after LSG to weight regain (yrs), mean ± SD† 3.4 ± 2.0 3.3 ± 1.8 3.8 ± 2.4 0.123
  Weight regain post nadir (kg), mean ± SD†,‡‡ 13.3 ± 11.1 12.2 ± 9.5 15.6 ± 13.7 0.041
  % weight regain (% nadir weight), mean ± SD†,‡ 17.3 ± 14.6 16.1 ± 12.7 19.8 ± 17.9 0.097
  Proportion weight regain (≥ 15.0% of nadir weight)†,‡ 50.9 (270/530) 48.8 (180/369) 55.9 (90/161) 0.156
  % weight regain (%maximum weight lost), 

mean ± SD†,§
33.4 ± 26.1 30.8 ± 22.7 39.2 ± 31.7 0.017

  Proportional distribution of weight regain (% of maximum weight lost), n (%)§
  No regain* 45 (7.8) 27 (7.3) 18 (11.2) 0.308

 < 25%† 213 (37.0) 156 (42.3) 57 (35.4) 0.150
 ≥ 25– < 50%† 181 (31.5) 133 (36.0) 48 (29.8) 0.165
 ≥ 50%† 136 (23.6) 80 (21.7) 56 (34.8) 0.002

  Long follow-up successful patients, n (%)§§§§ 345 (59.9) 253 (63.3) 92 (51.7) 0.008
  Long follow-up insufficient weight loss, n (%)§§§§§ 231 (40.0) 145 (36.3) 86 (48.3) 0.008
  Proportion of successful patients at nadir that succeeded 

at long follow-up††
341 (59.0) 249 (62.3) 92 (51.7) 0.007

  Proportion of successful patients at nadir that failed at 
long follow-up†††

200 (34.6) 125 (31.3) 75 (42.1) 0.007
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Change in Associated Medical Problems

Significant reductions from baseline in the proportion of 
LSG patients suffering from hypertension, dyslipidemia, and 
T2DM were observed (p < 0.001 for all). Rates of no change, 
improvement, and resolution for selected associated medical 
problems are depicted in Fig. 1.

Discussion

Long‑term LSG Outcomes

The predominance of the LSG among other BMS pro-
cedures arose before its rates of long-term weight loss 
and revision were known. Until recently, ≥ 7-year mean 
LSG outcomes were scarce. In 2018, a meta-analysis by 
Clapp and colleagues [5] reported outcomes synthesized 
from prior studies incorporating 652 patients who com-
pleted ≥ 7 years of mean follow-up. From 2018 through 
2021, several definitively long-term LSG outcome reports 

in patients with obesity were published (8 observational 
studies, 1 randomized controlled trial) [13–21]. Our cur-
rent investigation studied outcomes in 578 LSG patients; 
to our knowledge, this is the largest single series of LSG 
outcomes analyzed at ≥ 8.8 years. Herein, we relate the key 
study findings of the current study to the aforementioned 
recent reports.

Weight Outcomes

The meta-analysis of studies with > 7  years of mean 
follow-up by Clapp et al. found that 72.2% of patients 
attained ≥ 50.0% EWL at follow-up. Nine other long-term 
studies published later also demonstrated significant sus-
tained weight loss at their respective follow-up points. Six 
reported a follow-up weight loss comparable to that of 
the current study [13–15, 19, 20], although three of these 
studies had 3–4-year longer follow-up durations [15, 19, 
20]. In three of the later studies, follow-up weight loss was 
markedly less than in the current study, with ≤ 50.0% total 

Table 3  Patient-reported reasons for weight regain

COVID-19, coronavirus disease 2019; IVF, in vitro fertilization
* Data available only for patients who regain weight (n = 530)
† Each patient had the option of providing more than one answer
¥ Patient’s subjective impression of being able to ingest larger quantities of food in a meal
‡ Data available only for women who regain weight (n = 379)
§ Data available for the whole study population (n = 578)

Reasons for weight  regain*† Total LSG population 
(n = 578)
n (%)

LSG population with 
5–10 years of follow-
up 
(n = 400)
n (%)

LSG population 
with ≥ 10 years of 
follow-up 
(n = 178)
n (%)

P-value between 5–10 
and ≥ 10 years of follow-
up

• Did not follow guidelines 302 (56.8) 199 (49.8) 103 (57.9) 0.123
• Lack of exercise 276 (51.9) 203 (50.7) 73 (41.0) 0.018
• Sleeve  enlargement¥ 218 (41.1) 138 (34.5) 80 (44.9) 0.032
• Did not meet with dietitian 205 (38.6) 152 (38.0) 53 (29.7) 0.038
• Difficulty controlling portion size, 

sweets, or alcoholic beverages
21 (3.9) 16 (4.0) 5 (2.8) 0.632

• Mental crisis, emotional eating 19 (3.5) 12 (3.0) 7 (3.9) 0.618
• COVID-19 consequences 9 (1.7) 7 (1.8) 2 (1.1) 0.727
• Consequences of other diseases 6 (1.1) 4 (1.0) 2 (1.1)  > 0.999
• Antidepressants, steroids 7 (1.3) 5 (1.2) 2 (1.1)  > 0.999
• Intentional weight gain 6 (1.1) 6 (1.5) 0 (0.0) 0.184
• Lack of support 5 (0.9) 2 (0.5) 3 (1.7) 0.179
• Hypothyroidism 3 (0.5) 1 (0.3) 2 (1.1) 0.232
• As a consequence of IVF treatments, 

pregnancies,  births‡
20/379 (5.3) 14 (3.5) 6 (3.4)  > 0.999

• Smoking cessation 2 (0.4) 1 (0.3) 1 (0.6) 0.528
Patients sufficiently satisfied: would 

choose LSG  again§
360 (62.3) 250 (62.5) 110 (61.8) 0.926
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EWL: Major et al. reported on a significant 16.3 BMI-
point reduction at nadir, but at 10-year follow-up EWL 
was 45.4% [21]; Gronroos et al.’s randomized controlled 
trial (RCT) reported a 47.0% EWL [17]; and Hauters et al., 
42.0% EWL [18].

A study by Felsenreich and co-workers is notable for 
its achievement of a ≥ 15-year follow-up with 96.0% 
patient retention, nearly twice the follow-up dura-
tion of the current study and most of the other LSG 

studies [52]. The authors saw a stable 61.0% EWL at 
this extended endpoint, but at the cost of a high revi-
sion rate — almost half of the patients (49.1%) were 
converted to another procedure. The report of Fiorani 
et al. is also unique in the long-term LSG literature, in 
that, not only was there no weight regain, but weight 
loss continued beyond the 1-year nadir through 8 years 
of follow-up. This report, however, is limited by both 
the small initial sample size (44 patients undergoing 
LSG) and the high lost-to-follow-up rate of 75.0% in 
the LSG group [16].

Weight Regain

The cause of weight regain in LSG is multifactorial, influ-
enced by individual physiology, dietary choices, activity 
level, culture, and genetics [22, 23]. In addition, assess-
ment of BMS weight regain is not yet standardized, and 
there is wide variability in its reporting complicating out-
come comparison [24–27]. Herein, we focused on only 
studies that had specifically defined and quantified weight 
regain.

Perhaps the most frequently used definition of weight 
regain in recent years is the proportion of patients that ini-
tially achieved ≥ 50.0% EWL but then regained weight to 
have < 50.0% EWL at follow-up. In a meta-analysis of long-
term LSG data (≥ 7-year follow-up), Clapp and co-workers 
analyzed nine studies with respect to this measure, yield-
ing a pooled weighted mean proportion of 27.8% (95% CI: 
22.8, 32.7) with a range of 14.0–37.0% [5]. Our study had 
a similar sample size and follow-up period, and using this 
definition, weight regain was on the higher end, (34.6%) of 
the range reported by Clapp et al. This was because the cur-
rent study’s subgroup of LSG patients with ≥ 10-year follow-
up contained a significantly higher proportion of patients 

Table 4  Post-LSG clinical follow-up and surgical procedures

Post-primary LSG procedures Total LSG population 
(n = 578)
n (%)

Readmission rate 52 (9.0)
Hospitalizations following LSG 71 (12.3)
Additional non-bariatric surgery 230 (39.8)
Upper endoscopy 179 (31.0)
Plastic surgery 56 (9.7)
Cholecystectomy 54 (9.3)
Gynecologic surgery 39 (6.7)
Orthopedic surgery 36 (6.2)
Hiatal/umbilical/ventral hernia repair 23 (4.0)
Dietitian follow-up
  • Not at all 0 (0.0)
  • Only in the 1–2 years after the LSG 260 (45.0)
  • Intermittently during the years 84 (14.5)
  • Routine follow-up 40 (6.9)

Blood tests performed
  • Did not perform blood tests at all since 

LSG
8 (1.4)

  • Only in the first 1–2 years after the LSG 37 (6.4)
  • Intermittently over the years 214 (37.0)
  • Routine follow-up 319 (55.2)

Fig. 1  Resolution of associated 
medical conditions following 
laparoscopic sleeve gastrectomy
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who regained weight (42.1%) relative to LSG patients with 
5–10 years of follow-up (31.3%).

Perhaps in recognition of the arbitrary nature of the 50% 
EWL cutoff, other methods of assessing weight regain have 
been proposed (i.e., weight regain from nadir weight cal-
culated as weight in kilograms, BMI, percentage of preop-
erative weight, percentage of nadir weight, and percentage 
of maximum weight lost). Using percentage of maximum 
weight lost, Capoccia et al. reported long-term weight regain 
results in 104 LSG patients with more than 5-year follow-
up [14].

Weight regain ≥ 15.0– < 30.0% of maximum weight lost 
was considered mild, or > 30.0%, severe. By this classi-
fication, 25.0% and 22.0% experienced mild and severe 
weight regain, respectively. Using slightly different thresh-
olds, our study reported 37.0% of patients as having expe-
rienced mild weight regain (< 25.0% of maximum weight 
lost), and 55.1% as having experienced significant weight 
regain (≥ 25.0% of maximum weight lost). The different 
thresholds confound the proportional comparison; how-
ever, the current study’s cohort had a mean percentage 
weight regain of maximum weight loss of 33.4%, slightly 
higher than the 31.5% reported by Capoccia et  al. As 
should be expected, the current study’s subgroup of LSG 
patients with 5–10 years of follow-up, possibly a more 
apt comparator, had a slightly lower mean percentage 
weight regain of maximum weight lost than that reported 
by Capoccia et al. (30.8% vs 31.5%).

A final recent example of weight regain in LSG patients, 
calculated using yet another measure, is provided by 
Ben-Porat and colleagues. In their study of 212 patients, 
weight regain was defined as the proportion of patients 
regaining ≥ 15% of nadir weight [13]. According to this 
measure, exactly 50% of their patients were classified as 
experiencing weight regain. Similarly, using this defini-
tion, just over half (50.9%) of the current study’s entire 
cohort experienced significant weight regain (with 48.8% 
of LSG patients with 5–10-year follow-up experiencing 
weight regain vs 55.9% of patients with ≥ 10-year follow-
up). In addition, weight regain from nadir weight calcu-
lated in kilograms in both studies was nearly equivalent 
(14.6 kg vs 13.3 kg). These comparative results parallel 
those of other long-term LSG patients over the long term, 
regardless of how they were measured and recorded (e.g., 
at clinical visit or by questionnaire) [28].

Resolution of Coexisting Conditions

In addition to significant and sustained weight loss, this 
study and most of the other LSG studies suggest that, at 
7–15 years after the procedure, LSG provides meaningful 
resolution of obesity-related medical problems. Kraljevic 

et al. saw high rates of resolution in dyslipidemia (54.8%), 
hypertension (60.5%), and T2DM (61.0%) [20]. In the cur-
rent study, good resolution of long-term coexisting con-
ditions was found, including hypertension (51.7%), dys-
lipidemia (58.1%), and T2DM (72.2%). These rates were 
comparable to those reported by Capoccia et al. [14] and 
notably greater than those of Ben-Porat and Hauters, both 
including markedly smaller cohorts [13, 18].

In Felsenreich et al.’s study, although very few patients 
at baseline had any obesity-associated conditions, hyper-
tension was resolved in 6/12 (50.0%) at ≥ 15 years of fol-
low-up [15]. All patients in Ismail and co-worker’s cohort 
achieved complete resolution of hypertension, T2DM, and 
GERD between 6 months and 2 years but no long-term fol-
low-up data was given [19]. Coexisting medical condition 
data provided in the included studies of the meta-analysis 
were too sparse for comparison, which is also true of other 
published work [16].

In Kraljevic et al., 52.0%, and in Hauters et al., 80.0% 
of the LSG cohort with baseline GERD experienced ongo-
ing or worsened reflux at follow-up; of patients without 
preoperative reflux, 32.4% and 43.0%, respectively, devel-
oped de novo GERD in follow-up [18, 20]. While there 
are centers that have reported favorable mid-term LSG 
outcomes with respect to GERD [29, 30], the implications 
for complications due to both pre-existing and de novo 
GERD remain among the most important considerations 
for selection of this procedure. In the present study, about 
half of the patients reported that they suffered from heart-
burn or took any drugs to treat heartburn. However, this 
was reported subjectively with no available imaging test 
results to support it.

Patient Satisfaction and Reasons for Weight Regain

Several of the long-term LSG study comparators recorded 
quality of life (QoL) data using standardized assessment 
instruments [15, 16]. Others, as in the current study, assessed 
patient-reported characterization of the behaviors they 
believed influenced their weight regain through a question-
naire [13]. Study responses diverged in some of the param-
eters investigated, suggesting differing patient perspectives 
regarding whether maintaining a regimen of consulting with 
a dietitian or surgeon affected their LSG outcomes. The con-
trasting findings suggest the importance of further research 
to better clarify patient-reported experiences and behavioral 
choices in order to improve long-term BMS care.

Adherence to close follow-up of BMS patients is impor-
tant but challenging beyond 2  years, where the rate is 
reported to be 40–62% [31–33]. We observed in the cur-
rent study, as in most other BMS studies, that the rate of 
postoperative patient-reported dietitian interaction and rou-
tine blood testing was quite low. This finding confirmed the 
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challenging nature of preserving interactive contact with 
patients over the long term. Designing studies that consider 
the input of patients regarding their weight regain over their 
years of long-term follow-up should provide insights that 
can be integrated into the longitudinal treatment regimen 
[34].

Limitations and Strengths

The major strengths of this study include the use of a large 
representative sample of LSG patients similar in baseline 
data composition to that of both a national and an inter-
national registry [35, 36]. However, there are some limita-
tions to be acknowledged. First, data were collected mainly 
via a self-report questionnaire generated by the research 
team that has not been validated. Though it has become an 
acceptable method, initiated by the COVID-19 pandemic 
restrictions [37, 38], relying on patient-reported outcomes 
entails a potential for information, recall, and response bias. 
Nevertheless, Chao and colleagues observed in a study of 
585 LSG and RYGB patients at 38 sites that patient-reported 
BMS outcomes had a high level of agreement with hospital 
records in early follow-up [39]. In this manner, to increase 
the validity of the data in the present study, some data were 
also collected by hospital charts and when needed data were 
verified by a telephone interview. Moreover, testing reliabil-
ity of data collection is an important element of confidence 
in a study’s accuracy [11]. In our study, self-reported coex-
isting obesity-related conditions data at baseline presented 
fair to moderate agreement with the available data obtained 
from hospital records (Cohen’s kappa of 0.574, 0.559, 0.451, 
and 0.284 for reporting on T2DM, hypertension, obstruc-
tive sleep apnea, and dyslipidemia [p < 0.001], respectively). 
Nonetheless, reporting bias for follow-up data collection 
should be considered.

Second, the study lacked objective measurements such as 
a medication list, blood test results, and imaging test results, 
and it lacked a validated QoL instrument. Finally, study 
follow-up was performed during the COVID-19 pandemic 
which may have affected the study results. However, weight 
regain due to “Covid-19 consequences” was reported by only 
a few patients in the present study.

Conclusions

At long-term follow-up, primary LSG was associated with 
satisfactory weight and health outcomes. However, weight 
regain was notable. More efforts should be made to increase 
patients’ engagement in follow-up routines in the long-term 
following MBS.

Appendix

LSG Patient Experience and Satisfaction 
Questionnaire

1. Initials of your name and surname
2. Research code number
3. Age
4. Family status

- Married
- Single
- Divorced
- Widower
- Other

5. Current weight (in kg)
6. Height (in cm)
7. Are you a smoker?

- Yes
- No
- I used to smoke in the past

 8. What is the minimal weight you achieved since the 
surgery? (in kg)

 9. How long did it take to achieve the above weight? (in 
months)

 10. What was the duration of the weight loss since the 
surgery? (in months)

 11. Did you gain weight after the weight loss? (even if it’s 
few kilos)

- Yes
- No

 12. If yes, when did you started to gain weight? (in years)
 13. If you gained weight since the surgery, what did you 

think was the main cause? (you can choose more than 
one of the options)

- I didn’t eat as recommended
- The sleeve enlarged
- I didn’t exercise
- I wasn’t followed by a dietitian
- Other

 14. Did you have to go to the ER in the post-operative 
period?

- Yes.
- No.
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 15. If yes, explain what the reason was
 16. Were you hospitalized in the post-operative period?

- Yes.
- No.

 17. If yes, explain what the reason was
 18. Did you undergo another bariatric surgery before the 

sleeve gastrectomy?**

- Yes
- No

 19. If yes, which surgery did you undergo?**

- LSG – laparoscopic sleeve gastrectomy
- LAGB – Laparoscopic adjustable gastric banding
- SRVG—Silastic ring vertical gastroplasty

 20. If yes, how long before the sleeve gastrectomy? (in 
years)**

 21. If yes, what was the reason to undergo the sleeve gas-
trectomy?**

- weight gain
- drug-resistant reflux and heartburn
- a complication such as a sleeve stenosis or a twisted 

sleeve
- vomiting and eating difficulties
- nutritional deficiencies
- other

 22. Did you undergo another surgery after the sleeve gas-
trectomy?**

 23. If yes, how long after the sleeve gastrectomy? (in 
years)**

 24. If yes, what surgery did you undergo?**

- sleeve reduction (an additional sleeve gastrectomy)
- bypass with a single anastomosis (mini-gastric bypass)
- bypass with two anastomoses (classic bypass)
- duodenal bypass with two anastomoses
- duodenal bypass with one anastomosis (SADI)
- addition of a gastric band
- other

 25. If yes, what was the reason to undergo another sur-
gery?**

- weight gain.
- drug-resistant reflux and heartburn
- a complication such as a sleeve stenosis or a twisted 

sleeve

- vomiting and eating difficulties
- nutritional deficiencies
- other

Questions 26–29 are directed only to women

 26. Did you get pregnant since the surgery?

- Yes
- No

 27. If yes, how many times have you gotten pregnant since 
the surgery?

 28. Did you give birth after surgery?

- Yes
- No

 29. If yes, how many times did you give birth?
 30. Did you suffer from gallstones before the surgery?

- Yes
- No
- I don’t know

 31. If yes, what is true for you?

- I suffered from gallstones before the surgery and I 
underwent a cholecystectomy when I underwent the sleeve 
gastrectomy

- I suffered from gallstones before the surgery and I 
underwent a cholecystectomy after the sleeve gastrectomy

- I suffered from gallstones before the surgery and I 
underwent a cholecystectomy before the sleeve gastrectomy

 32. Were you diagnosed with gallstones since the sleeve 
gastrectomy?

- Yes
- No
- I don’t know

 33. Did you undergo a cholecystectomy since the sleeve 
gastrectomy?

- Yes
- No

 34. Did you undergo any surgery since the sleeve gastrec-
tomy?

- Yes
- No
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 35. If yes, explain which surgery.
 36. Do you suffer from heartburn or do you take any drugs 

to treat heartburn?

- Yes
- No

 37. Did you undergo a gastroscopy since the surgery?

- Yes
- No

 38. If yes, what were the findings?
 39. Are you satisfied with the surgery? Grade from 1 to 10 

(1 = not satisfied at all, 10 = very satisfied)
 40. If you underwent another bariatric surgery, are you 

satisfied with the surgery? Grade from 1 to 10 (1 = not 
satisfied at all, 10 = very satisfied)**

 41. If you could choose again the type of bariatric surgery, 
would you choose again a sleeve gastrectomy?

- Yes
- No

 42. If not, why? (you can choose more than one of the 
options)

- today there are more advanced procedures
- because I’m not satisfied from the surgery

 43. Did you suffer from diabetes type 2 before the surgery? 
(diagnosis by medical record/taking pills to treat dia-
betes)

- Yes
- No
- I don’t know

 44. If yes, what was the treatment? (you can choose more 
than one of the options)

- Diet
- Drugs
- Insulin
- Drugs and insulin
- Not treated
- I don’t know

 45. If yes, what is true for you?

- there was an improvement
- there was a total improvement (I was cured)
- I don’t know

- there was no improvement

 46. Did you suffer from hypertension before the surgery?

- Yes
- No
- I don’t know

 47. If yes, what is true for you?

- there was an improvement
- there was a total improvement (I was cured)
- I don’t know
- there was no improvement

 48. Did you suffer from sleep apnea or did you use a CPAP 
mask while asleep?

- Yes
- No
- I don’t know

 49. If yes, what is true for you?

- there was an improvement
- there was a total improvement (I was cured)
- I don’t know
- there was no improvement

 50. Did you suffer from hyperlipidemia before the surgery? 
(high cholesterol/triglycerides/LDL in your blood)

 51. If yes, what is true for you?

- there was an improvement
- there was a total improvement (I was cured)
- I don’t know
- there was no improvement

 52. Were you followed by a dietitian after the surgery?

- No
- Only the first/second year after the surgery
- Intermittently during the years
- Regularly during the years, but not currently
- Regularly during the years to this day

 53. With which frequency did you undergo blood tests 
since the surgery?

-I didn’t undergo any blood test since the surgery
-I underwent blood tests only the first/second year after 

the surgery
-I underwent blood tests intermittently during the years
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-I undergo blood tests regularly since the surgery
**These questions were asked to be marked only for 

patients who undergo another bariatric surgery in their past.
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