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Abstract
Background Conflicting data have been published for bariatric surgery in older patients, with no long-term large-scale studies
available. Our aim was to provide long-term (> 10 years) results on weight loss, metabolic outcomes, and quality of life in a large
homogenous series of Roux-en-Y gastric bypass (RYGB) patients, according to age at baseline.
Patients and Methods All consecutive patients who underwent primary RYGBbetween 1999 and 2007, and therefore eligible for 10-
year follow-up, were retrospectively analyzed. According to their age at baseline, theywere divided into three groups: A (< 40 years), B
(40–54 years), and C (≥ 55 years). Categorical variables were compared with the χ2 test and continuous variables with ANOVA.
Results Our series consisted of 820 patients, with a 10-year follow-up of 80.6%. Although group C (11% of all patients) had
significantly more comorbidities at baseline, there was no difference in postoperative morbidity and mortality between groups.
Weight loss was significantly less for group C patients up to the 7th postoperative year, but no difference remained thereafter. 10-
year %total weight loss was 32.2, 32.9, and 32.3 respectively in groups A, B, and C. After 10 years, glycemic control and lipid profile
improved similarly, rates of partial or complete remission of diabetes and hypertension were identical, and quality of life presented a
significant improvement for all patients with no inter-group difference.
Conclusion Our results suggest similar short- and long-term outcomes after RYGB for patients ≥ 55 years compared to younger ones;
the relative benefit might even be higher for older patients, given their increased comorbidity at baseline.
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Abbreviations
ANOVA Analysis of variance
BMI Body mass index
EBMIL Excess BMI loss
TBWL Total body weight loss
QoL Quality of life
RYGB Roux-en-Y gastric bypass

Introduction

With the worldwide aging of the population, health care pro-
viders face an ever-increasing challenge with elderly obese
patients. The prevalence of metabolic syndrome in the USA
has been estimated at 18.3% for patients < 40 years, and
46.7% for those > 60 years old [1], whereas life expectancy
has also increased, with a 60-year-old woman in 2008
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expected to live for another 24.3 years and aman for 22.8 years
[2]. Thus, obesity and its related comorbidities represent a
major health issue and socioeconomic burden in modern so-
ciety for all age classes.

Indications for bariatric surgery vary among the different
health systems, with elderly patients, sometimes as of the age
of 55, often being refused surgery on the grounds of a reduced
ability to lose weight and correct their long-standing comor-
bidities compared with younger patients [3–5]. In
Switzerland, there is no clearly defined age limit for bariatric
surgery, although the Swiss Society for the Surgery of Obesity
and related diseases (SMOB) states that indication for surgery
in patients > 65 years needs to take into account the risk/
benefit ratio and the potential improvement in quality of life
and that these patients must be treated in expert centers only.
Another controversial issue is the potential over-morbidity
and mortality in older patients after bariatric surgery and es-
pecially Roux-en-Y gastric bypass (RYGB) [6–10]. As surgi-
cal complications might also affect quality of life (QoL),
which is already often severely compromised in these patients,
all of these aspects need to be assessed in order to select
appropriate surgical candidates. Most of the available studies
include heterogeneous populations with several types of inter-
ventions, and postoperative follow-up not exceeding 5 years
[3, 7, 11]. With the standardization of bariatric surgical tech-
niques and patient management in recent years, more robust
data should be made available to guide patient information as
well as health care resource management.

The aim of our study was to provide long-term (≥ 10 years)
results on weight loss, metabolic outcomes, and quality of life
in a large homogenous series of RYGB patients, according to
patients’ age at baseline.

Patients and Methods

All consecutive patients who underwent primary RYGB in
one of the two participating reference centers between 1999
and 2007, and therefore eligible for the 10-year follow-up,
were included. They were divided into three groups according
to their age at baseline: group A (< 40 years), group B (40–
54 years), and group C (≥ 55 years). Relevant demographic,
metabolic, and QoL data were retrieved from a prospectively
maintained institutional database. The study was approved by
the local ethics committee (protocol number 304/15), and con-
sent was obtained from all patients for the use of clinical data
for research purposes. The STROBE checklist for observa-
tional studies was adhered to [12] (online appendix 1).

Surgical technique was standardized as described previous-
ly [13], with a 15-mL gastric pouch and a retrocolic 100–150-
cm Roux alimentary limb, a 21-mm circular stapled
gastrojejunostomy, and a linear stapled jejunojejunostomy.

Patients not seen for more than 12 months at the 10-year term
were considered lost from follow-up.

Postoperative morbidity was graded according to the
Clavien-Dindo classification [14]. Weight loss was expressed
as the percentage of total body weight loss from baseline
(%TBWL) and percentage of excess BMI (body mass index)
loss (%EBMIL), with BMI = 25 kg/m2 considered as ideal
body weight. For long-term metabolic outcomes, the absolute
values of glucose, triglycerides, total cholesterol, HDL- and
LDL-cholesterol fractions, and also the evolution of obesity-
related comorbidities (diabetes, hypertension) were taken into
account.

For hypertension, remission was defined as normal arterial
pressure (systolic < 140 mmHg, diastolic < 90 mmHg) with-
out treatment, improvement as reduction in pharmaceutical
treatment needed to keep normal arterial pressure, and wors-
ening as the need to add treatment or the development of de
novo hypertension. For diabetes, remission was defined as a
normal glycemia (≤ 5.6 mmol/L) without any treatment, im-
provement (partial remission) as normal glycemia with re-
duced treatment or glycemia < 7 mmol/L with same treatment
(with preoperative glycemia > 7), and worsening as increased
need for treatment or de novo diabetes. Unfortunately, HbA1c
was measured only rarely at the beginning of our experience,
so it could not be used to assess evolution of diabetes.

Quality of life (QoL) was measured with the validated
Moorehead-Ardeldt score [15].

Statistical Analysis

Among the three patient groups, categorical variables were
expressed as frequencies (%) and compared with the chi-
square or Fisher’s exact test as appropriate. Continuous vari-
ables expressed as mean ± SD (standard deviation) were com-
pared with the ANOVA (analysis of variance) tests. Apart
from this group analysis, further analysis was also performed
in order to possibly identify factors affecting results (weight
loss, operative morbidity, remission of comorbidities, and
quality of life), where age and BMI at baseline were consid-
ered as continuous variables using Pearson’s correlation, and
sex and presence of diabetes as dichotomic variables using
chi-square test. Significance threshold was set at p < 0.05
and all tests were two-sided. Statistical analysis was per-
formed with the Systat® 13.2 statistical package.

Results

Overall, 820 patients (621 female and 199 male) who
underwent RYGB for severe obesity were included. One pa-
tient died in the immediate postoperative period as the conse-
quence of a leak from the gastric remnant staple line, and
another 27 (3,3%) died before the 10-year limit from various
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causes unrelated to RYGB. A total of 792 were therefore eli-
gible for follow-up at 10 years, with clinical data available in
638 of them, representing a 10-year follow-up rate of 80.6%.
Groups A, B, and C consisted of 396 (48.3%), 337 (41.1%),
and 87 (10.6%) patients respectively, with similar 10-year
follow-up rates (Fig. 1). Table 1 shows anthropometric data
at baseline; there was no significant difference between
groups regarding BMI and proportion of superobese patients.
Most comorbidities were significantly more prevalent in
group C patients than in younger ones, except GERD, which
was more common in group A (Table 2).

Postoperative Morbidity-Mortality

Intraoperative characteristics did not differ, with a mean oper-
ative time of 141 ± 34, 149 ± 38, and 149 ± 46 min for groups
A, B, and C (p = 0.65). Overall postoperative morbidity was
12.1%, 14.8%, and 14.9% for the three groups respectively
(p = 0.50), while major complications (> Clavien IIIA) were
observed in 3.5%, 2.9%, and 4.6% of groups A, B, and C
patients (p = 0.74). Postoperative (30 days) mortality was
0.2% for group A (1 patient) and 0% for groups B and C
(p = 0.38). Preoperative age, sex, BMI, or the presence of
diabetes, hypertension, or sleep apnea syndrome did not influ-
ence overall or serious morbidity rates.

Weight Loss

MeanBMI at 10 postoperative years was 32.7 kg/m2 for group
A, 32.6 kg /m2 for group B, and 32.1 kg/m2 for group C
patients (p = 0.79). Most patients reached their lowest mean
BMI during the 2nd postoperative year (29.0 kg/m2 for group
A, 30.2 kg/m2 for group B, and 30.7 kg/m2 for group C)
(Fig. 2). The %TBWL after 2 years was 36.8%, 33.6%, and
33.1% (p < 0.001) for groups A, B, and C (Fig. 3), while the 2-
year %EBMIL was 83.3%, 77.1%, and 71.1% (p < 0.001)
respectively (Fig. 4). While weight loss was better during
the first 7 postoperative years in younger patients, no differ-
ence remained as of the 8th postoperative year. Indeed,
10 years after surgery, %TBWL and %EBMIL were 28.7%
and 65.8% respectively in group A, 28.1% and 64.6% in
group B, and 29.6% and 67.9% in group C. %TBWL did
not correlate with preoperative age, BMI, or glycemia.
%TBWL was significantly higher in females compared with
males (29 vs 26.7%, p = 0.02), but did not differ between
patients with or without diabetes at baseline.

Obesity-Related Comorbidities

After 10 years, complete or partial remission of pre-existing
hypertension was observed in 91.7%, 84.1%, and 80% of
groups A, B, and C patients (p = 0.2) (Fig. 5a), whereas

Fig. 1 Study flowchart and
patient groups

Table 1 Baseline anthropometric
characteristics of the three age
groups. Numerical variables
expressed as mean ± SD (standard
deviation). BMI, bodymass index

Group A
(N = 396)

Group B
(N = 337)

Group C
(N = 87)

p value

Age (years) 30.9 ± 5.6 46.4 ± 4.3 57.8 ± 2.4 < 0.001

Male gender, N (%) 81 (20.4) 95(35.3) 23(35.9) 0.045

BMI (kg/m2) 45.8 ± 5.9 45.6 ± 6.2 45.9 ± 5.6 0.804

Weight (kg) 128 ± 21 125.8 ± 22.8 121.6 ± 19.7 0.028

Superobese patients (BMI > 50), N
(%)

84 (21.2) 66 (19.6) 18 (20.7) 0.86
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worsening or de novo hypertension was seen in 6.7%, 3.4%,
and 8% of patients respectively. Long-term results were even
more favorable for diabetes: 95.7%, 93.7%, and 91.7% of
groups A, B, and C patients maintained complete or partial
remission at 10 postoperative years (Fig. 5b), whereas 2.5%,
2.15%, and 4.5% respectively presented worsening or de novo
diabetes. There was no relationship between diabetes
remission/improvement and preoperative BMI, age, or sex.
For hypertension, preoperative BMI was lower in patients
who achieved remission/improvement (45.5 vs 48.9 kg/m2,
p = 0.01), but there was no other predictor.

Metabolic Results

Baseline fasting glucose levels were significantly higher for
group C patients and remained so during the 1st postoperative
year as well as at the 10-year time point (Fig. 6). Within each
group, nadir glucose levels were reached during the 1st post-
operative year. Although group C patients maintained a higher
mean glycemia than groups A and B patients, they were those
whose mean value improved most at all timepoints. Lipid
profile improved in all groups, and there was no significant
difference between them at the 10-year mark, even though
group C patients had significantly higher total cholesterol,

LDL-cholesterol, and triglyceride values at baseline (Fig. 7).
Group C patients improved their lipid values more when com-
pared to younger patients after 10 years. On average, patients
whose total cholesterol level normalized or significantly im-
proved were almost 4 years older (42 versus 38.1, p = 0.01)
than those in whom no or only minor change was observed.
Modifications in triglyceride levels did not correlate with any
of the analyzed variables.

Long-Term Quality of Life

All patients presented a significant and similar improvement
in quality of life (QoL) compared to baseline. The 10-year
mean Moorehead-Ardeldt scores were 1.67 for group A,
1.66 for group B, and 1.64 for group C (p = 0.99). There
was no association between preoperative BMI, age, sex, or
presence of diabetes at baseline and improvement of quality
of life.

Discussion

In this RYBG series of 820 patients with a ≥ 10-year follow-
up, 10-year results after RYGB were the same irrespective of

Table 2 Baseline comorbidities
for the three age groups. Data are
shown as N (%). IGT, impaired
glucose tolerance; GERD,
gastroesophageal reflux disease

Comorbidity Group A (N = 396) Group B (N = 337) Group C (N = 87) p value

Hypertension 160 (40.4) 233 (69.1) 67 (77) < 0.001

Diabetes, pre-diabetes, IGT 161 (40.7) 224 (66.5) 67 (77) < 0.001

Hypercholesterolemia 234 (59.1) 239 (70.9) 64 (73.6) < 0.001

Hypertriglyceridemia 135 (34.1) 129 (38.3) 42 (48.3) 0.006

Sleep apnea syndrome 133 (33.6) 186 (61.1) 63 (72.4) < 0.001

Coronary heart disease 3 (0.7) 20 (5.9) 10 (11.5) < 0.001

GERD 201 (50.8) 195 (57.8) 35 (40.2) 0.004

Hyperuricemia 136 (34.3) 115 (34.1) 27 (31) 0.99

Fig. 3 Evolution of the total weight loss (%TWL) over time according to
age groups. Group A patients presented significantly higher % total
weight loss up to the 7th postoperative year, but no differences
remained thereafter. **p < 0.001, +p < 0.01, ‡p < 0.05. Bars indicate SD

Fig. 2 Evolution of body mass index (BMI) over time according to age
group. Group A (< 40 years) patients had significantly lower BMI values
up to the 4th postoperative year. **p = 0.001, +p < 0.01. Bars indicate SD
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age at baseline. Patients ≥ 55 years had similar postoperative
morbidity and mortality as younger ones, despite significantly
more comorbidities at baseline. Weight loss results were sig-
nificantly better for younger patients during the first postop-
erative years, but no difference remained thereafter.
Remission rates for type 2 diabetes and hypertension as well
as the lipid profile were similar at 10 years in all groups.
Lower preoperative BMI was associated with better improve-
ment of hypertension and older age with better improvement
of total cholesterol. Finally, QoL presented a significant im-
provement, similar to all patient groups.

There is no uniformity in the literature regarding the definition
of older patients, with reported cut-offs between 50 and 75 years
of age [2, 16–18]. In the present study, 55 years was set as the
limit for older patients for 2 reasons. First, the small number of
highly selected patients > 60 years undergoing surgery limits
meaningful statistical comparisons. Second, one previous study
reported significantly worse results in terms of weight loss after
5 years in patients ≥ 55 years of age [3] and we sought to verify
this conclusion in a larger group of patients in the long term.

Conflicting results have been published regarding the im-
pact of age on postoperative complications and mortality after
bariatric surgery, and there is still a common belief that risks
are higher and results worse in older patients. This apprehen-
sion is largely founded upon older registry studies [19, 20]
where many different “weight loss procedures” are jointly
reported and no distinction exists between laparoscopic and
open surgery, limiting extrapolation of results to current prac-
tice. Dorman et al. in a registry study of various bariatric
procedures reported a trend for higher mortality in patients
older than 70 years compared to those between 35 and 49 years
(0.6 versus 0.1%, p = 0.15); of note, only 20% of their patients
had their surgery done laparoscopically [9]. Even when con-
sidering RYGB alone, as one of the most commonly per-
formed procedures worldwide and the standard procedure in
our practice, published data remain conflicting. In a systemat-
ic review of > 1800 RYBG patients, Chow et al. reported low
mortality (0.14%) and complication (21.1%) rates total in pa-
tients > 65 years [16]. On the other hand, Giordano et al. re-
ported significantly higher postoperative morbidity (12.9 vs
6.8%, p = 0.02) and mortality (2 vs 0.14%, p = 0.04) for older
patients in a meta-analysis of comparative laparoscopic
RYGB studies [6]. A French study also found higher rates of
postoperative surgical (12.3 vs 3.8%, p = 0.03) and medical
(7.0 vs 0.8%, p < 0.01) complications for patients > 60 years
after laparoscopic RYGB, but not after sleeve gastrectomy or
adjustable gastric banding [7]. Another large Australian study

Fig. 5 Evolution of a hypertension and b diabetes 10 years after RYGB
for groups A, B, and C. All three patient groups experienced similar
remission rates of hypertension and diabetes at the 10-year time point

Fig. 4 Evolution of the % of excess BMI loss (EBMIL) according to age
groups. Group A patients presented significantly higher % excess BMI
loss up to the 6th postoperative year, but no differences remained there-
after. **p < 0.001, +p = 0.002, ‡p = 0.02. Bars indicate SD

Fig. 6 Evolution of glycemia over time for groups A, B, and C. All
glucose values were significantly lower than baseline at all timepoints
studied. Group A patients had significantly lower values than the others
in the 1st and 10th postoperative year **p < 0.001. Bars indicate SD

OBES SURG (2020) 30:1181–1188 1185



showed higher surgical (7.5 vs 4.4%, p < 0.001) and medical
(4.6 vs 2%, p < 0.001) complication rates for patients >
55 years [18]. A recently published registry-based study found
increased rates for leaks, readmissions, and reoperations after
RYGB when compared to sleeve gastrectomy in patients aged
60 years or more [11]. In the present analysis, no difference
was found in overall morbidity (9.3 vs 8.3%, p = 0.37), major
morbidity (2.5 vs 1.9%, p = 0.56), or mortality (0.3 vs 0%, p =
1) for patients agedmore or less than 55 years. The same holds
true if we consider our entire experience with primary RYGB
(2212 patients, with 972 < 40, 930 between 40 and 54, and
311 ≥ 55 years): 8.3, 10.3, and 7.7% overall morbidity (p =
0.21), 2.9, 2.0, and 1.9% major morbidity (p = 0.41), and 0.1,
0, and 0%mortality for groups A, B, and C respectively. Even
considering only patients > 60 years, there is no higher overall
or major morbidity in our experience.

Other concerns often raised for bariatric surgery in older pa-
tients are the inherent decrease of lipolytic ability, lower basal

energy expenditure, and lower capacity to lose weight after
40 years [4–6]. This physiological trend has been reflected in
some studies, where older patients had poorer 1- and 5- postop-
erative year weight loss compared to younger patients with
RYGB [3, 6, 7, 21]. Despite that, most series report encouraging
short-term (1-year) weight loss for older patients with 54–
77%EWL [2, 10, 15, 21–23] and 22–34% TBWL [10, 24], with
RYGB offering better weight loss in the elderly population com-
pared to sleeve gastrectomy or adjustable gastric banding [7, 8,
25].To our knowledge, our study is the first to report 10-year
weight loss in relation to patients’ age. We observed a slightly
inferior TBWL and EBMIL for patients > 55 years compared to
younger patients up to the 7th postoperative year, but no differ-
ence was observed beyond this limit and up to 12 years after
surgery. Overall, there was no correlation between age and long-
term weight loss. Older patients reached 29.5 %TBWL and
67.5% %EBMIL at 10 postoperative years, which are compara-
ble with recent long-term data from Adams et al. [26] (29.6%

Fig. 7 Evolution of lipids over time for all three groups. All three groups had a similar improvement of their lipid profile at all timepoints, with a constant
improvement through the 10-year period. Bars indicate SD
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TBWL 12 years after RYGB), although no correlation is made
with patients’ age in that study.

Obesity-related comorbidities are the most serious conse-
quence of obesity within the aging population as they increase
risk of death and disability as well as health-care dependency.
In the present study, we observed very high long-term rates of
complete or partial resolution of hypertension (80%) and dia-
betes (91.7%), as well as major improvements of the lipid
profile in older patients, comparable to those observed in
younger ones. In fact, patients who most improved their total
cholesterol were older than patients in whom little or no
change was observed. These findings are in line with previous
studies, where older patients can achieve a similar improve-
ment in comorbidities, and especially diabetes, as younger
patients after successful bariatric surgery [6, 20, 22, 27].
Considering the long-standing end-organ damages caused by
obesity and diabetes in older patients, these results strongly
suggest that this organ-damaging process can be reversed, or
at least slowed down, if complete or partial remission of co-
morbidities is achieved, even when surgery is proposed after
55 years [28]. Indeed, 12 months after bariatric surgery, a
significant reduction has been reported in carotid artery ath-
erosclerosis and the overall cardiovascular risk for patients >
50 years compared to younger ones [29]. In our study, lipid
profile showed a sustained improvement during the 10-year
follow-up, with the cholesterol/HDL ratio, a surrogate marker
for cardiovascular risk, being at or very close to its nadir at
10 years for all patients. As previous data from our institution
suggest, improvement of the lipid profile in itself reduced the
long-term cardiovascular risk [30].

Obesity has a significant long-term impact on patients’
well-being, QoL, and loss of autonomy. Few studies report
QoL data after bariatric surgery; Almerie et al. recently report-
ed a significant improvement in all aspects of QoL for patients
> 60 years 2 years after RYGB [11], whereas two previous
studies had also suggested a significant QoL improvement
6 months after surgery [31, 32]. As our patients are followed
on a yearly basis with a specific QoL assessment at 10 post-
operative years, we were able to demonstrate that patients >
65 years upon 10-year follow-up presented a sustained signif-
icant improvement in QoL, comparable to that observed in
younger patients.

Our study has several limitations. First, and even though
patient data were gathered prospectively, analysis is retrospec-
tive with some missing data especially in laboratory values,
comorbidity evolution, and QoL. Second, although our
follow-up rate is one of the highest in the literature at 10 post-
operative years, some patients are lost from follow-up, poten-
tially confounding outcome assessment. Finally, one might ar-
gue that 55 years is hardly a cut-off for “elderly” patients in
modern society. As mentioned earlier, this threshold was cho-
sen based on previously published studies and in order to have
an adequate older patient group for meaningful comparisons.

In conclusion, our results provide considerable evidence
for not excluding patients from bariatric surgery programs,
and especially RYGB, based on age alone. Older patients
can expect similar 10-year outcomes as younger ones with
even a higher relative benefit, as their baseline health status
is significantly worse.
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