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Abstract
Background: Even though risks are higher and long-term results may be less favorable, the 
elderly obese can still benefit from bariatric surgery. Whether the higher surgical risk is worth 
the benefits is yet to be determined. Materials and Methods: We reviewed our database and 
identified all patients aged 65 or older who underwent sleeve gastrectomy between May 2010 
and November 2015. We documented patient demographics, obesity-related comorbidities, 
body mass index (BMI) before and after the procedure, percent excess weight loss, comorbid-
ity improvement or resolution, length of follow-up, postoperative complications, re-opera-
tions, and length of hospital stay. We compared our study group to a control group of sleeve 
gastrectomy patients under the age of 65. Results: Sixty-six patients (mean age 67.6 ± 2.6 
years) underwent laparoscopic sleeve gastrectomy. Patients achieved an average of 53.5% 
excess BMI loss (EBMIL) after 21 months of follow-up. EBMIL was inferior to that achieved by 
the control group (EBMIL 77.3%, p < 0.0001). Elderly patients showed significant improvement 
or resolution in all obesity-related comorbidities. Complication and re-operation rates were 
similar between the 2 groups. Conclusion: In an elderly population, laparoscopic sleeve gas-
trectomy is safe and effective, yet weight loss outcomes are more modest when compared to 
a younger surgical population. Carefully selected elderly patients can benefit from bariatric 
surgery. © 2019 The Author(s)
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Introduction

Obesity has reached worldwide pan-endemic magnitude and is one of the most signif-
icant combat targets of our generation. While the prevalence of obesity in the USA has 
plateaued over the past 5 years, it remains that 68% of the adult US population are over-
weight (BMI > 25 kg/m2) and 35.7% are obese (BMI > 30 kg/m2) [1, 2]. As life expectancy 
increases globally, seniors are the fastest-growing population in the world and are demon-
strating the effects of an obesogenic environment [3]. The elderly also have a greater 
propensity to obesity-related comorbidities, given that aging is an additional predisposing 
factor for many of these conditions, and older obese individuals are at greater risk of premature 
obesity-related death compared to their younger counterparts [4]. Bariatric surgery has been 
demonstrated to be safe and effective in achieving sustainable weight loss and improving or 
resolving obesity-related comorbidities [5–8]. Laparoscopic sleeve gastrectomy (LSG) – with 
its high efficacy and low complication rates – has gained popularity during the past decade 
worldwide and is currently second in popularity only to roux-en-y gastric bypass [9].

With increasing experience in surgical technique and perioperative care, bariatric surgery 
is being pushed to its limits, and age is one of these limits being questioned. Until recently, 
age was considered a relative contraindication to bariatric surgery [10] due to questionable 
benefits and less tolerable complications and morbidity [11], but we now witness more and 
more bariatric procedures performed in the elderly population. In this age group it is 
mandatory to carefully select eligible candidates in good physical condition; otherwise they 
might not withstand complications. Since their life expectancy is shorter, the true benefit 
from bariatric surgery is difficult to judge. Another point worth consideration in the elderly 
is whether longstanding comorbidities such as diabetes and hypertension result in irre-
versible end-organ damage and whether remission in these aspects gives a true benefit to the 
patient.

Data from nonbariatric surgery literature has demonstrated that elderly patients are at 
increased risk of perioperative morbidity and mortality. The loss of physiological reserve and 
high likelihood of medical comorbidity associated with aging greatly reduce the elderly patient’s 
tolerance of operative procedures. Flum et al. [12] and Livingston et al. [13, 14] briefly addressed 
the safety of bariatric surgery in the elderly, showing that patients aged 65 years or older had 
a threefold higher perioperative mortality rate when compared to younger patients. More 
recent studies have demonstrated a lower risk in this setting, when bariatric patients are care-
fully selected, medically optimized preoperatively, and when procedures are performed by 
experienced laparoscopic bariatric surgeons [15–17]. Although weight loss and metabolic 
outcomes in older obese patients have been less dramatic than in younger adults, the benefits 
of bariatric surgery in this subgroup include an improved quality of life and decreased mortality 
[18–20]. Existing reports include small cohorts of patients aged > 65 years. 

The aim of this study was to learn more about the feasibility of sleeve gastrectomy in the 
elderly population, the validity of the indications, the associated complications and morbidity, 
and the operative results after surgery.

Materials and Methods

We retrospectively reviewed our prospectively collected database for all patients who 
underwent LSG in the bariatric surgery unit of the Tel-Aviv Sourasky medical center. We then 
selected patients who were 65 years old or older at the time of surgery. We compared this 
study group to a control group of sleeve gastrectomy patients younger than 65 at the time of 
surgery.
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All patients were preoperatively assessed by a multidisciplinary team, and the criteria 
used for LSG were based on the established Guidelines for Metabolic and Bariatric Surgery –  
a body mass index (BMI) > 40 kg/m2 or a BMI > 35 kg/m2 with obesity-related comorbidities. 

We looked at patient demographics, preoperative BMI, obesity-related comorbidities, 
operative and postoperative course, re-admissions and re-operations, and medium-term 
outcomes regarding body weight and comorbidity resolution. Weight loss failure or weight 
regain were defined as a BMI > 35 or/and excess weight loss < 50%. Excluded from this study 
were patients with less than 6 months of follow-up.

Statistical Analysis 
The Kolmogorov Smirnov test was used to define normal and non-normal distribution of 

variables. For comparison of 2 groups, χ2 analysis and Fisher’s exact test were used when 
appropriate for qualitative data, and the Student t test (for normal variables) or Mann-
Whitney U test (for non-normal variables) for quantitative data. Equality of variances in 
normally distributed variables was examined by the Levene test. For the comparison of group 
pairs the paired t test was used. For multivariate analysis the forward stepwise logistic 
regression technique was applied. A probability of 0.05 or less was accepted as statistically 
significant.

Results

Between May 2010 and November 2015, 66 patients over the age of 65 underwent sleeve 
gastrectomy for morbid obesity in our institution of which only 5 were lost to follow-up.

Demographic and clinical characteristics of the 2 study groups are presented in Table 1. 
The male to female ratio, the preoperative weight, and preoperative BMI of the 2 groups was 

Table 1. Patient demographics

Study group Control group p value

Patients 66 65 ns
Age, years 67.6±2.6 38.4±11 <0.0001
Male/female 25/41 (38/62) 26/39 (40/60) ns
BMI, kg/m2

Weight, kg
44.2±7

119.4
42.7±5.4

122.4
ns
ns

Data are presented as n (%) or mean ± SD, unless otherwise indicated. BMI, body mass index; ns, not 
significant.

Table 2. Comorbidities

Study group Control group p value

Hypertension 50 (75.8) 16 (24.6) <0.0001
Diabetes 42 (63.6) 15 (23.1) <0.0001
Hyperlipidemia 35 (53) 15 (23.1) <0.0004
OSA 21 (31.8) 11 (16.9) <0.000
Orthopedic 29 (43.9) 17 (26.1) 0.047

Data are presented as n (%). OSA, obstructive sleep apnea.
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comparable. Comorbidities, which in many cases are the main clinical or metabolic indication 
for surgery, were much more significant in the study group, particularly hypertension, 
diabetes mellitus, dyslipidemia, and pulmonary pathology (Table 2).

Intra- and postoperative complications occurred in 7 patients (10.6%) of the elderly 
patients (Table 3). Postoperative bleeding was noted in 6 patients, 2 of whom required blood 
transfusion and 1 required re-operation; in 1 case tracheostomy was necessary due to diffi-
culty in weaning from mechanical ventilation.

The mean length of hospital stay after surgery was 4 days for the study group. The average 
follow-up period was 21 months from surgery and ranged between 6 and 47 months after 
surgery (Table 4). Mean BMI on follow-up was 34.2 (± 5.4) with an excess BMI loss (EBMIL) 
of 53.5% and objective failure rate (defined as BMI > 35 or excess weight loss < 50%) of 32.8%. 
Diabetes resolved or improved in 25/42 patients (59.5%), hypertension in 22/50 patients 
(44%), and hyperlipidemia in 26/35 patients (74.2%), and orthopedic complaints improved 
in 14/29 cases (48.2%). 

For the control group, mean length of stay after surgery was 3 days (2–13 days). Intra- 
and postoperative complications occurred in 7 patients (10.7%). In 1 case an additional sple-

Table 3. Complications (Clavien-Dindo ≥3)

Study group 
(3/66)

Control group
(3/65)

p value
0.976

Early 
Leak/abscess 0 1 (1.5) 0.319
Bleeding/hematoma 2 (3) 1 (1.5) 0.562
Other 1 (1.5) 1 (1.5) 1
Re-operation 2 (3) 1 (1.5) 0.562

Late
GERD 5 (7.5) 3 (4.6) 0.469
Dysphagia/stricture 3 (4.5) 2 (3) 0.651
POVH 0 1 (1.5) 0.319

Data are presented as n (%). Late complications >30 days. GERD, Gastro esophageal reflux disease. POVH, 
Postoperative ventral hernia.

Table 4. Comparative outcomes

Control group 
(65/65)

Study group
(61/66)

p value

Follow-up, months 21±16.8 17±11.9 0.22
BMI, kg/m2 29.3±4.7 34.2±5.4 <0.0001
EBMIL, % 53.5 77.3 <0.0001
Objective failure 21 (32.8) 7 (10.8) <0.0001
Diabetes improvement/resolution 10/15(66.6) 25/42 (59.5) 0.002
Hypertension improvement/resolution 9/16 (56.2) 22/50 (44) <0.0001
Hyperlipidemia improvement/resolution 5/15 (33.3) 26/35 (74.2) 0.59
Orthopedic improvement 14/17 (82.3) 14/29 (48.2) 0.003
LOS, days 3±1.7 4±2 0.28

Data are presented as mean ± SD or n (%), unless otherwise indicated. Objective failure: defined as BMI 
>35 or EWL <50%. BMI, body mass index; EBMIL, excess BMI loss; LOS, length of stay.
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nectomy was required due to intraoperative bleeding, pneumonia occurred in 1 case, intrab-
dominal abscess was noted in 1 case and postoperative bleeding occurred in 5 patients, of 
whom only 1 case required blood transfusion

The average follow-up period was 17 months from surgery, mean BMI at follow-up was 
29.3, with an EBMIL of 77.3 and objective failure rate of 10.8%. Diabetes resolved or improved 
in 10/15 patients (66.6%), hypertension in 9/16 patients (56.2%) (in 1 case hypertension 
was diagnosed following the surgical procedure), and hyperlipidemia in 26/35 patients 
(74.2%), and orthopedic complaints improved in 14/17 cases (82.3%).

When comparing the 2 groups in our present study, patients in the elderly group were 
slightly heavier than those in the control group prior to surgery (Table 1). Their average BMI 
was 44.2 compared to 42.7, yet this had no statistical significance (p = 0.17). Associated 
comorbidities such as hypertension and diabetes were significantly more frequent in the 
senior group as opposed to the younger group (Table 2) (75.8 vs. 24.6% and 63.6 vs. 23.1%, 
respectively) (p < 0.0001).

The effect of the surgical procedure on our 2 groups of patients is represented in Table 4.  
The BMI of the younger age group dropped after sleeve gastrectomy from an average of 42.7 
to an average of 29.3 (p < 0.0001), while that of the senior group dropped after the same 
procedure from an average of 44.2 ± 7.0 to an average of 34.2 ± 5.4 (p < 0.0001). EBMIL was 
77.3 compared to 53.5 in the senior group (p < 0.0001), and objective failure was seen in 
10.8% in the younger group compared to 32.8% in our study group (p < 0.0001).

Discussion

Several factors played a role in the prosperity of bariatric surgery in general, and more 
specifically enabling its adoption in the elderly obese [21]. The birth of laparoscopy and the 
development of laparoscopic technology made bariatric surgery less invasive [22, 23], with 
rapid evolution in surgical technique, and finally, progress in perioperative multidisciplinary 
treatment enabling speedy and early recovery from surgery [24].

The vast experience gained over the last decade elevated the safety profile of these proce-
dures, and surgeons became more comfortable in offering these procedures to older candi-
dates.

Sleeve gastrectomy, with its high efficacy and relatively low morbidity and mortality, 
became the procedure of choice for many bariatric surgeons in this high-risk population. 
Guidelines support similar indications for surgery in the elderly, and with much higher rates 
of comorbidities, the demand for bariatric surgery is even stronger. 

We found a comparable length of hospital stay and similar complication and re-operation 
rates, indicating a similarly high safety profile for the elderly obese. Comparable complication 
rates are further reported by several studies and underlined in a meta-analytical review [21, 
24–26]. Several previous publications showed similar weight loss at 1 year following LSG in 
older patients [24, 25]. 

In our study, postoperative weight loss and BMI decrease are more pronounced in the 
younger age group, but still remain significant enough in the senior group (Table 4). These 
results are similar to those of Luppi et al. [26] and are generally supported by a meta-analytical 
review reported by Wang et al. [21]. Several mechanisms have been offered to explain the 
more modest weight loss in the elderly. This can be explained by the low metabolic rate in the 
elderly population [27, 28], age-related decrease in fat oxidation [29], weakened lipolytic 
activity of postmenopausal women that compose the majority of the older group, and/or 
lower levels of physical activity executed in the older age group [30]. 
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Comparable to the study of Luppi et al. [26] but in contrast to the meta-analytic review 
of Wang et al. [21], comorbidities were more frequent and more significant in the senior 
group than in the younger group who had surgery (Table 2). This fact strongly supports the 
extension of surgery to the older age group. According to the meta-analytical report, the 
major and significant comorbidities were similar in the younger and older age groups. When 
considering the postoperative improvement or resolution in comorbidities following surgery, 
it seems to be beyond any doubt that the indication for surgery is fully present even at an 
advanced age. This improvement after the age of 65 years is significant and is witnessed in all 
comorbidities.

When all the factors are considered – preoperatively, during surgery, and postoperatively –  
we believe bariatric surgery is fully indicated for older patients. This study supports the data 
published previously, that older patients withstand surgery equally well in terms of complica-
tions, morbidity, and mortality, and that surgical outcomes are worth the surgical risk.

In this era as the population is aging, the wellbeing and improved health of patients 
operated on in their late 60s and early 70s can continue on into their 80s and 90s. 
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