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Abstract

Background To provide greater insight into bariatric surgery outcomes in aging patients, we compared changes in body weight,
body composition, obesity-related comorbidities, and nutritional status between older and younger subjects.

Methods We analyzed data collected between January 2004 and December 2014 from our prospective bariatric cohort. Older
patients (OP, > 60 years at the time of surgery, n = 93; 66% Roux-en-Y gastric bypass, 34% sleeve gastrectomy) were compared
with younger patients (YP, < 60 years, n = 186), matched 1:2 on sex, body mass index, diabetes, and surgical procedure. Body
composition was assessed by dual-energy X-ray absorptiometry.

Results Weight loss and excess weight loss at 12 months were lower in OP vs. YP (mean + SD, 30.1+10.1 vs. 34.1+11.9 kg,
60.6£21.2 vs. 66.8 =£23.4%, respectively, p < 0.05 for both). Both lean body mass and fat mass loss were lower in OP vs. YP
(84£3.4vs. 9.2+9.0 kg, 19.4+£8.7 vs. 21.9+9.1 kg, respectively, p <0.05). The remission rate for type 2 diabetes was
significantly lower in OP vs. YP (24 vs. 45%), as well as improvement in hypertension (14 vs. 46%), dyslipidemia (27 vs.
47%), and knee pain. There was no difference in micronutrient deficiencies between groups.

Conclusions These data indicate that although bariatric surgery is not as effective for weight loss in older as in younger subjects, it
is a safe option regarding a comprehensive set of nutritional variables which enables significant improvement in obesity-related
outcomes.
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Introduction

Life expectancy is increasing in most countries, and by 2050,
the number of US older adults is expected to more than dou-
ble, rising from 40.2 million to 88.5 million [1]. Recent data
show that US adults aged > 60 years have obesity rates ex-
ceeding 37.5% in men and 39.4% in women, compared to
34.3% in adults <40 years old [1]. Similar figures have been
reported in other industrialized countries such as France where
the prevalence of obesity in 2012 was 18.7% and 10.2% in
adults over and below 45 years, respectively [2]. Obesity is
associated with decreased life expectancy and quality of life
and is thus a serious concern in older subjects [3, 4].
Nutritional management and obesity care in this age group
have specific challenges including prevention of muscle loss
and sarcopenia, and prevention of functional impairments that
can lead to disability [3, 4].

The effectiveness and safety of bariatric surgery in older
subjects remain a matter of debate [5]. There is some evidence
in the literature suggesting lower body weight loss in older
subjects [6—11]. However, a recent systematic review [5],
based on 26 studies and more than 8000 patients, emphasized
the limits of the available data including a paucity of well-
reported studies, heterogeneous age cut-offs to define older
subjects, and small sample size in most studies [5].
Moreover, none of the previous studies performed a detailed
assessment of changes in body composition after bariatric
surgery in older subjects.

Our objectives were to compare changes after bariatric sur-
gery in body weight, body composition, energy expenditure,
obesity-related comorbidities, and nutritional status as well as
surgical complications between subjects over 60 years and
younger subjects carefully matched on sex, body mass index
(BMI), preoperative diabetes status, and type of surgical
procedure.

Material and Methods
Patients

We retrospectively reviewed data from our ongoing bariatric
cohort (Bariatric Surgery Cohort of the Institute of
Cardiometabolism and Nutrition [BARICAN]) that prospec-
tively includes all patients undergoing either laparoscopic
Roux-en-Y gastric bypass (LRYGB) or sleeve gastrectomy
(SG) at our center between January 2004 and December
2015. Our standardized protocol for management of these
patients includes assessment of body composition by dual-
energy X-ray absorptiometry (DXA) before and 3, 6, and
12 months after surgery. The database is registered with the
French National Data Protection Agency (CNIL, #1689730).
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Among 1661 patients in our database, we first excluded
patients with type 1 diabetes (n=12), or aged < 18 years
(n=17), or patients who had another type of surgery than
LRYGB or SG or a history of previous bariatric surgery
(n=167). We identified 156 older patients, including 93 older
patients (OP) with complete 12-month follow-up records in-
cluding body composition data representing the sample ana-
lyzed in this paper. When comparing older subjects with com-
plete DXA data (n =93) to those with missing DXA (n =63),
the latter had higher baseline body weight and BMI, but not
significantly different values for age, gender ratio, type of
surgery, initial fat mass (kg), body weight loss, and initial
and post-operative data for obesity-related comorbidities (data
not shown). It is known that some patients above a certain
weight limit (i.e., 160-180 kg) or with large transversal cor-
pulence cannot access DXA scan [12].

OP (n=93) were then individually matched 1:2 for sex,
BMI (+2 kg/m?), preoperative diabetes status, and type of
surgical procedure (either LRYGB or SG), with young pa-
tients (YP; preoperative age < 60 y)) (n=186). Type 2 dia-
betes was defined as fasting blood glucose >7 mmol/L or
glycated hemoglobin (HbAlc) > 6.5% or the use of oral anti-
diabetic drugs, insulin, or GLP-1 analogues.

The study was approved by the local ethics committee.
Bariatric surgery was offered to patients in accordance with
French guidelines [13], which are similar to those of the US
National Institutes of Health [14], and was performed as pre-
viously reported [15]. General dietary and physical activity
counseling, vitamin and mineral supplementation, and medi-
cal follow-up were provided to all participants during planned
pre- and post-surgery visits at 3, 6, and 12 months, as part of
usual care [16] and according to guidelines [17, 18]. Body
weight, body composition, and resting energy expenditure
(REE) were measured before and at 3 (except for REE), 6,
and 12 months after surgery. Biological parameters and obe-
sity comorbidities were recorded before and 12 months after

surgery.

Body Weight, Body Composition, and Energy
Expenditure

Body composition was estimated by whole-body fan-beam
DXA scanning (Hologic Discovery W, software v12.6, 2;
Hologic, Bedford, MA) [12], and variables used in the analy-
ses were total and appendicular lean body mass (LBM, kg),
and total and trunk fat mass (FM, kg). Appendicular LBM was
calculated as the sum of LBM from arms and legs. LBM,
either total or appendicular, was bone-free lean soft tissue.
Weight loss was expressed as change in weight (kg), total
weight loss (%TWL), and excess weight loss (%EWL), with
the calculation of ideal body weight as that equivalent to a
BMI of 25 kg/m*. REE was measured by indirect calorimetry
using an open-circuit ventilated-hood system (Deltatrac 11
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monitor, Datex Instrumentarium Corp., Helsinki, Finland)
[19].

Biological Parameters

Blood samples were collected after an overnight fast to
measure routine parameters (blood count, blood glucose,
albumin, transthyretin, 25(OH) vitamin D3, vitamin B12,
folate, thiamine). Hypoalbuminemia, low transthyretin, vi-
tamin, and mineral deficiencies were defined as a result
below the lower normal value given by the manufacturer;
secondary hyperparathyroidism was defined as an elevated
PTH above the high normal laboratory value [20].
Malnutrition was defined by albumin <35 g/L or
transthyretin <0.11 g/L in patients aged > 70 years, and
by albumin <30 g/L or transthyretin <0.11 g/L in patients
aged <70 years [21, 22].

Obesity-Related Comorbidities and Complications
of Surgery

Obesity-related comorbidities were defined through de-
tailed assessment of each medical record including medical
history and medication use [23]. Resolution of hyperten-
sion, dyslipidemia, and obstructive sleep apnea (OSA) syn-
drome was defined as normalization of the corresponding
characteristics without treatment. Diabetes resolution was
defined according to the American Diabetes Association
(ADA) criteria of total remission: no antidiabetic drug,
fasting blood glucose < 5.6 mmol/L, and glycated hemo-
globin (HbAlc) <6.0% [24]. Addiarem [25] and Diarem
[26] scores were used to assess prediction of diabetes re-
mission after bariatric surgery. The rate of early (within
30 days after surgery) as well as later complications was
recorded prospectively in the database.

Statistical Analyses

Data are presented as means = SD for continuous variables
and as frequencies and percentages for categorical variables.
Two-level ANOVA for repeated measures was used to com-
pare means of continuous variables between age groups be-
fore and during 1-year follow-up after bariatric surgery. When
the ANOVA procedure revealed significant differences,
Bonferroni multiple tests were used for post hoc comparisons.
A x” test was used to compare changes in categorical vari-
ables between age groups before and 1 year after surgery.
p <0.05 was considered significant. Analyses were performed
using NCSS 10 Statistical Software (NCSS, LLC. Kaysville,
Utah).

Results

Regarding baseline characteristics, the mean age was 63.7
+2.7 years in OP and 42.6 +9.7 years in YP (Table 1). As
expected given the study design, no significant difference
was found between the 2 groups for female ratio (77%),
type of surgery (66% underwent LRYGB and 34% SG),
BMI, and diabetes status (69% with type 2 diabetes). A
significant difference was found for weight, LBM, REE
(lower in OP), and obesity-related comorbidities (higher
in OP).

Regarding post-operative changes, compared with YP, OP
subjects displayed lower weight and FM loss and LBM loss,
when expressed in absolute values (kg) (Table 2). Although
baseline total LBM (kg) was lower in OP compared to YP,
LBM loss expressed as percentage of weight loss was not
different between groups. Regarding regional body composi-
tion, changes in appendicular LBM (kg) and trunk FM (kg)
did not differ between groups. Even though initial measured
REE was lower in OP in parallel with lower LBM, there was
no significant difference between groups for REE (kcal/day)

Table 1  Baseline characteristics of the two age groups over and below
age 60 years before bariatric surgery

Older patients ~ Younger patients
>60 years 18-59 years
n 93 186
....bypass, n (%) 61 (66%) 122 (66%)
....sleeve, n (%) 32 (34%) 64 (34%)
Age, mean + SD 63.7+£2.7 42.6+9.7

Gender (% women) 77 77

Weight (kg), mean = SD 1186+162  122.9+18.8"
Height (cm), mean + SD 163.2£8.2 166.5£9.0°
BMI (kg/m?), mean + SD 445+5.1 442+54
Excess weight (kg), mean + SD 51.9+13.5 533+£15.2
LBM (kg), mean + SD 58.6+9.4 61.4+10.9"
FM (kg), mean + SD 559+9.8 56.4+11.1
Percent body fat (%) 47.7+5.0 46.6+5.3
REE (kcal/day), mean + SD 1928 +£31 2103 +£409"
REE/LBM (kcal/d/kg), mean = SD  34.5+14 333+1.3"
Diabetes (% yes) 69 69
Dyslipidemia (% yes) 85 86
Hypertension (% yes) 78 56"
Obstructive sleep apnea (% yes) 83 63"

Knee pain (% yes) 71 60

SD standard deviation, BMI body mass index, LBM lean body mass, FM
fat mass, REE resting energy expenditure

*p < 0.05 for comparison between age groups (Bonferroni test)

Younger patients were matched to older patients (2:1) for gender, initial
BMI at +2 kg/m?, presence of diabetes, and type of surgical procedure
(see “Materials and Methods”)
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Table 2 Post-operative changes in weight, excess weight loss, body
mass index, and body composition in the two age groups

At 3 months At 6 months At 12 months

Weight loss (kg)

oP 18.1£5.0%* 24.8 + 748 30.1 £ 10.1%€

YP 19.8+6.4% 28.3 + 8.9° 34.1 + 11.9¢
Total weight loss (%)

oP 15.4+43% 21.1 £598 255 +8.0°

YP 16.1 +4.5% 23.1 + 6.2+8 27.8 + 8.5%C
Excess weight loss (%)

OP 37.1+£12.94 50.3 + 17.1%P 60.6 + 21.2+%€

YP 38.9+12.6% 55.8 + 17.9% 66.8 + 23.4¢
BMI loss

OP 6.8+1.9" 93 +2.7+B 113 +3.8%¢

YP 714234 10.0 + 3.68 122 +4.1¢
LBM loss (kg)

OP 6.5+3.6" 74 +35%8 8.4 + 3.4%C

YP 714374 83 +39°% 92 +9.0¢
LBM loss (% of weight loss)

oP 343+18.24 29.7 £ 11.58 282+ 11.78

YP 35.8+15.54 29.2 +10.5° 28.0 +10.28
FM loss (kg)

OoP 10.6+3.3% 15.6 + 5.0%8 19.4 + 8.7%¢

YP 11.1+5.14 17.8 + 6.8° 219 +9.1¢
FM loss (% of weight loss)

OP 58.9+16.9* 64.0 = 13.1° 63.5 + 17.0°

YP 55.9+£21.6% 63.0 = 14.9° 64.6 + 12.7°
Appendicular LBM loss (kg)

OP 26+274 29+23% 35+238

YP 28+28" 34+238 37 +248
Trunk FM loss (kg)

OP 6.4+3.6" 9.1 +43%B 11.5 £ 5.9%¢

YP 6.9+3.74 10.5 + 4.88 129 + 5.9
REE loss (kcal/day)

opP - 300 + 2414 302 + 228%A

YP - 400 + 270" 451 + 3088
REE/LBM loss (kcal/kg/day)

OP - 1.1 +3.8%A 0.6 + 3.9%4

YP - 23+38%4 25+ 44"

Data are expressed as mean + standard deviation. Different letters repre-
sent significant difference (p < 0.05) between operative times in each age
group compared to baseline (Bonferroni test)

OP older patients, YP younger patients, BMI body mass index, LBM lean
body mass, FM fat mass, REE resting energy expenditure

*p < 0.05 for comparison between age groups (Bonferroni test)

at 12 months, as for REE/LBM (kcal/kg/day) as expected
given the similar values for LBM at 12 months. When com-
paring older vs. younger patients separately for those under-
going either sleeve of bypass, results were similar to bypass
and sleeve results together (data not shown).
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Diarem and Addiarem scores were 8.9+ 6.5 and 9.9+5.8
in YP (n =128 and 122 respectively) vs. 11.4+6.7 and 13.4 +
5.6 in OP (n =64 and 63, respectively) (p < 0.05). The rate of
remission of type 2 diabetes was significantly lower in OP vs.
YP (24% vs. 45%), as were the rates of remission of dyslip-
idemia (27% vs. 47%), of hypertension (14% vs. 46%), and of
knee pain (31% vs. 58%).” (Fig. 1).

There was no preoperative difference between groups in
hypoalbuminemia (20% in YP and 22% in OP), low
transthyretin (27% in YP and 19% in OP), malnutrition (0%
in YP and 2% in OP), B12 deficiency, D deficiency,
hyperparathyroidy, and in anemia. One year after surgery, iron
deficiency was observed in 0% (0/45) of OP vs. 14% (16/115)
of YP (p =0.001), vitamin D deficiency in 50% (23/46) of OP
vs. 67% (58/86) of YP (p=0.049), and folate deficiency in
5% (2/42) of OP vs. 28% (22/78) of YP (p =0.002) without
any difference in B12 deficiency or in hyperparathyroidism or
in anemia. No case of malnutrition was observed in YP com-
pared to one case at baseline and two cases 1 year after surgery
in OP. No death was reported after surgery in these patients. A
non-significant increased rate of adverse events before 30 days
was observed in YP vs. OP (23 vs. 15%). No difference in
nonsurgical postoperative complications was observed (10%
in the two groups).

Discussion

In this study, we compared outcomes of bariatric surgery in-
cluding DXA-assessed body composition and biological nu-
tritional status in subjects over 60 years and younger subjects
carefully matched on sex, BMI, diabetes status, and type of
procedure. In OP vs. YP, we found lower weight loss, FM
loss, and also LBM loss. Moreover, rates of resolution of
obesity-related comorbidities were lower in OP vs. YP, where-
as no significant difference was observed in changes in bio-
logical nutritional parameters and in the rate of post-surgery
adverse events.

Lower weight loss in older subjects is in agreement with a
number of previous studies [6—11, 27-32]. Although some
studies observed no significant difference in weight loss with
relation to age, these studies present with some important
limitations: only one type of surgery such as sleeve gastrecto-
my was assessed [33—35], studies included only small samples
[36], and none compared the outcomes to a younger popula-
tion that had been appropriately matched on important base-
line characteristics [6] such as diabetes status [37]. Our data,
based on serial measurements of body weight and composi-
tion, showed that lower weight loss in OP vs. YP was a con-
sistent trend over time, up to 12 months of follow-up.
Noteworthily, the difference in weight loss was not of major
magnitude compared to the overall post-surgery weight loss
(4 kg difference between age groups on average, compared to
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about 30 kg in surgery-induced weight loss). Lower weight
loss after surgery with aging might be explained, at least in
part, by an age-dependent reduction in physical activity [38],
or by larger energy intake after bariatric surgery, as described
in older women with obesity [39].

In parallel with lower weight loss, a major finding was the
lower LBM loss in OP compared to YP. This result may sug-
gest safety of bariatric surgery in terms of risk of sarcopenia in
aging subjects. However, assessment of muscle function
would be required to confirm such an effect [40], as recom-
mended for diagnosis of sarcopenia [40]. In a recent study,
Alba et al. assessed in adults with a mean age of 45 years that
relative muscle strength and physical function improved
meaningfully after gastric bypass associated with loss of
LBM [41]. In our recently published trial testing the effects
of resistance training and additional protein intake after bar-
iatric surgery in women with a mean age of 42.4 years, in-
creased muscle strength was found without effect on LBM
[16]. It is known that muscle strength does not depend solely
on muscle mass, and the relationship between strength and
mass is not linear [42]. These data emphasize the need for
further studies with detailed and validated measures of muscle
function before and after bariatric surgery in older patients.

Using a repeated measures design with DXA, we were able
to document a differential pattern of change in FM and LBM.
Whereas FM showed a continuous decrease over time after
surgery in both age groups, LBM loss plateaued after 6 months
in OP but not in YP. We observed the same effect in obese
female patients (mean age 39.5 y) after LRYGBP [12, 20].
Moreover, despite a lower preoperative measured REE in
OP, we found no difference in postoperative measured REE
between our contrasted age groups, in parallel with a lower
LBM loss.

In parallel with weight and body composition changes, we
observed that the diabetes resolution rate was lower in OP, and
the same was observed for resolution or improvement in hy-
pertension, dyslipidemia, OSA, and knee pain. The lower rate
of diabetes remission was expected by higher Diarem and

OYounger patients B Older patients

Addiarem scores in the OP group [25, 43]. These results about
comorbidity resolution are in agreement with one previous
study where diabetes, hypertension, and OSA remission rates
at 24 months were significantly different between elderly and
younger subjects (59, 27, and 80% vs. 90, 79, and 85%, respec-
tively) [7]. Our data however contrasts with findings from sev-
eral other reports [5, 15, 34, 44]. Part of these discrepancies
could be due to the original matching we performed on
presurgical glycemic status or the very strict diabetes remission
definition herein used (i.e., the latest ADA definition [24]).
Overall, these data point to an improvement in the cardiometa-
bolic disease profile which fits well with the lower loss in trunk
fat associated with lower loss in total FM in aging subjects.
Trunk FM includes abdominal fat and more specifically viscer-
al fat which is recognized to strongly influence the development
of cardiometabolic abnormalities [45].The lower rate of diabe-
tes resolution could also be related to higher age, diabetes du-
ration, and insulin requirements observed in aging subjects and
which are known predictors of diabetes resolution [25].

We did not observe significant differences in mineral and
micronutrient preoperative deficiencies between older and
younger patients, even if we found one year after surgery a
trend to higher risk of anemia and a trend to higher risk of
malnutrition in OP, and, in contrast, significatively less vita-
min D, iron and folates deficiencies in OP. Two studies
showed no difference in nutritional parameters in older pa-
tients but with small sample size and without matching [34],
or without comparison with younger patients [46]. In a case-
control study, Bergeat et al. show that iron and vitamin B12
deficiencies were less prevalent in patients > 60 years [44].
These findings underline the importance of adherence to a
systematic postoperative prescription of micronutrient supple-
mentation, whatever type of surgery [20].

Strengths of this study include the prospective data collec-
tion, the careful matching of OP with YP, the serial measure-
ments during follow-up including DXA, and the use of an
accurate definition for diabetes remission. This is also the only
study with a sample size of over 50 older subjects to assess
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mineral and micronutrient deficiencies. Some limitations
should be acknowledged including the retrospective study de-
sign, and the 12-month follow-up duration.

Conclusion

In conclusion, bariatric surgery in patients over 60 years of age
compared to younger counterparts was associated after 1 year
of follow-up with lower loss in weight and fat mass but also in
lean body mass, and lower remission rates of obesity-related
comorbidities, without evidence of difference in nutritional
status or rate of adverse events. The data suggest that bariatric
surgery is a safe option for aging patients with obesity, but is
not as effective for weight loss and related outcomes. Further
prospective studies with longer-term follow-up are needed
with detailed assessment of dietary intake, nutritional param-
eters, and muscle function to gain better insight into the risk of
sarcopenia during the aging process after bariatric surgery.

Acknowledgments The authors express their thanks to Sophie Festis and
to Dr. Florence Marchelli, MD, both at the Nutrition Department, Pitié-
Salpétriere Hospital, Paris, France, for technical assistance with DXA
measurements and for assistance with data management, respectively.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Statement
committee.

The study was approved by the local ethics

References

1. Flegal KM, Ogden CL. Use of projection analyses and obesity
trends-reply. JAMA. 2016;316(12):1317.

2. Obépi-Roche R. Enquéte épidémiologique nationale sur le surpoids
et 'obésité. Paris: Inserm/TNS Healthcare/Roche; 2012.

3. Batsis JA, Zagaria AB. Addressing obesity in aging patients. Med
Clin North Am. 2018;102(1):65-85.

4. Mathus-Vliegen EM. Prevalence, pathophysiology, health conse-
quences and treatment options of obesity in the elderly: a guideline.
Obes Facts. 2012;5(3):460-83.

5. Giordano S, Victorzon M. Bariatric surgery in elderly patients: a
systematic review. Clin Interv Aging. 2015;10:1627-35.

6. Hassinger TE, Mehaffey JH, Johnston LE, et al. Roux-en-Y gastric
bypass is safe in elderly patients: a propensity-score matched anal-
ysis. Surg Obes Relat Dis. 2018;14(8):1133-8.

7. Montastier E, Becouarn G, Bérard E, et al. Gastric bypass in older
patients: complications, weight loss, and resolution of comorbidi-
ties at 2 years in a matched controlled study. Obes Surg. 2016;26(8):
1806-13.

8. Thereaux J, Poitou C, Barsamian C, et al. Midterm outcomes of
gastric bypass for elderly (aged >/= 60 yr) patients: a comparative
study. Surg Obes Relat Dis. 2015;11(4):836-41.

9. Giordano S, Victorzon M. Laparoscopic Roux-en-Y gastric bypass
is effective and safe in over 55-year-old patients: a comparative
analysis. World J Surg. 2014;38(5):1121-6.

@ Springer

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ritz, P., Topart P., Benchetrit S., Tuyeras G., Lepage B., Mouiel J.,
Becouarn G., Pattou F., Chevallier J.M., Benefits and risks of bar-
iatric surgery in patients aged more than 60 years. Surg Obes Relat
Dis, 2014.

Pequignot A, Prevot F, Dhahri A, et al. Is sleeve gastrectomy still
contraindicated for patients aged>/=60 years? A case-matched
study with 24 months of follow-up. Surg Obes Relat Dis.
2015;11(5):1008-13.

Ciangura C, Bouillot JL, Lloret-Linares C, et al. Dynamics of
change in total and regional body composition after gastric bypass
in obese patients. Obesity (Silver Spring). 2010;18(4):760-5.
HAS, Obesity : surgical care in adults French National Authority
for Health, Good clinical pratices Service , www.has-sante.fr
(Accessed 3 Jan 2019) [in French], 2009.

National Task Force on the, P. and O. Treatment of, overweight,
obesity, and health risk. Arch Intern Med. 2000;160(7):898-904.
Thereaux J, Corigliano N, Poitou C, et al. Comparison of results
after one year between sleeve gastrectomy and gastric bypass in
patients with BMI >/= 50 kg/m(2). Surg Obes Relat Dis.
2015;11(4):785-90.

Oppert JM, Bellicha A, Roda C, et al. Resistance training and pro-
tein supplementation increase strength after bariatric surgery: a ran-
domized controlled trial. Obesity (Silver Spring). 2018;26(11):
1709-20.

Via MA, Mechanick JI. Nutritional and micronutrient care of bar-
iatric surgery patients: current evidence update. Curr Obes Rep.
2017;6(3):286-96.

Fried M, Hainer V, Basdevant A, et al. Inter-disciplinary European
guidelines on surgery of severe obesity. Int J Obes. 2007;31(4):
569-717.

Lloret-Linares C, Faucher P, Coupaye M, et al. Comparison of body
composition, basal metabolic rate and metabolic outcomes of adults
with Prader Willi syndrome or lesional hypothalamic disease, with
primary obesity. Int J Obes. 2013;37(9):1198-203.

Verger EO, Aron-Wisnewsky J, Dao MC, et al. Micronutrient and
protein deficiencies after gastric bypass and sleeve gastrectomy: a
1-year follow-up. Obes Surg. 2016;26(4):785-96.

Kondrup J, Allison SP, Elia M, et al. ESPEN guidelines for nutrition
screening 2002. Clin Nutr. 2003;22(4):415-21.

Raynaud-Simon A, R C, Strategy for management of malnutrition
in the elderly. French National Authority for Health, www.has-
sante.fr (Accessed 3 Jan 2019) [in French], 2007.

Gesquiere I, Aron-Wisnewsky J, Foulon V, et al. Medication cost is
significantly reduced after Roux-en-Y gastric bypass in obese pa-
tients. Obes Surg. 2014;24(11):1896-903.

Buse JB, Caprio S, Cefalu WT, et al. How do we define cure of
diabetes? Diabetes Care. 2009;32(11):2133-5.

Aron-Wisnewsky J, Sokolovska N, Liu Y, et al. The advanced-
DiaRem score improves prediction of diabetes remission 1 year
post-Roux-en-Y gastric bypass. Diabetologia. 2017;60(10):1892—
902.

Still CD, Wood GC, Benotti P, et al. Preoperative prediction of type
2 diabetes remission after Roux-en-Y gastric bypass surgery: a ret-
rospective cohort study. Lancet Diabetes Endocrinol. 2014;2(1):
38-45.

Contreras JE, Santander C, Court I, et al. Correlation between age
and weight loss after bariatric surgery. Obes Surg. 2013;23(8):
1286-9.

Sugerman HJ, DeMaria EJ, Kellum JM, et al. Effects of bariatric
surgery in older patients. Ann Surg. 2004;240(2):243-7.

Frutos MD et al. Results of laparoscopic gastric bypass in patients >
or =55 years old. Obes Surg. 2006;16(4):461-4.

Dunkle-Blatter SE, St. Jean MR, Whitehead C, et al. Outcomes
among elderly bariatric patients at a high-volume center. Surg
Obes Relat Dis. 2007;3(2):163-9. discussion 169-70


http://www.has-sante.fr
http://www.has-sante.fr
http://www.has-sante.fr

OBES SURG (2019) 29:3589-3595

3595

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Busetto L, Angrisani L, Basso N, et al. Safety and efficacy of
laparoscopic adjustable gastric banding in the elderly. Obesity
(Silver Spring). 2008;16(2):334-8.

Susmallian S, Barnea R, Weiss Y, et al. Outcome of bariatric sur-
gery in older patients. Surg Obes Relat Dis. 2018;14(11):1705-13.
Burchett MA, McKenna DT, Selzer DJ, et al. Laparoscopic sleeve
gastrectomy is safe and effective in elderly patients: a comparative
analysis. Obes Surg. 2015;25(2):222-8.

Leivonen MK, Juuti A, Jaser N, et al. Laparoscopic sleeve gastrec-
tomy in patients over 59 years: early recovery and 12-month fol-
low-up. Obes Surg. 2011;21(8):1180-7.

van Rutte PW et al. Sleeve gastrectomy in older obese patients. Surg
Endosc. 2013;27(6):2014-9.

Parmar C, Mahawar KK, Carr WRIJ, et al. Bariatric surgery in
septuagenarians: a comparison with <60 year olds. Obes Surg.
2017;27(12):3165-9.

Robert M, Pasquer A, Espalieu P, et al. Gastric bypass for obesity in
the elderly: is it as appropriate as for young and middle-aged pop-
ulations? Obes Surg. 2014;24(10):1662-9.

Luhrmann PM et al. Longitudinal changes in energy expenditure in
an elderly German population: a 12-year follow-up. Eur J Clin Nutr.
2009;63(8):986-92.

Ochner CN, Teixeira J, Geary N, et al. Greater short-term weight
loss in women 20-45 versus 55-65 years of age following bariatric
surgery. Obes Surg. 2013;23(10):1650—4.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European
consensus on definition and diagnosis: report of the European

41.

42.

43.

44,

45.

46.

Working Group on Sarcopenia in Older People. Age Ageing.
2010;39(4):412-23.

Alba DL, Wu L, Cawthon PM, et al. Changes in lean mass, absolute
and relative muscle strength, and physical performance after gastric
bypass surgery. J Clin Endocrinol Metab. 2019;104(3):711-20.
Goodpaster BH, Park SW, Harris TB, et al. The loss of skeletal
muscle strength, mass, and quality in older adults: the health, aging
and body composition study. J Gerontol A Biol Sci Med Sci.
2006;61(10):1059—-64.

Debedat J et al. Long-term relapse of type 2 diabetes after roux-en-
Y gastric bypass: prediction and clinical relevance. Diabetes Care.
2018;41(10):2086-95.

Bergeat D, Lechaux D, Ghaina A, et al. Postoperative outcomes of
laparoscopic bariatric surgery in older obese patients: a matched
case-control study. Obes Surg. 2017;27(6):1414-22.

Piche ME et al. Overview of epidemiology and contribution of
obesity and body fat distribution to cardiovascular disease: an up-
date. Prog Cardiovasc Dis. 2018;61(2):103—13.

Pajecki D et al. Bariatric surgery in the elderly: results of a mean
follow-up of five years. Arq Bras Cir Dig. 2015;28(Suppl 1):15-8.

Publisher's Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	Changes...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and Methods
	Patients
	Body Weight, Body Composition, and Energy Expenditure
	Biological Parameters
	Obesity-Related Comorbidities and Complications of Surgery
	Statistical Analyses

	Results
	Discussion
	Conclusion
	References


