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Abstract

Introduction: Despite the abundance of data addressing the influence of patient’'s age on
surgery-related complications, its impact on cardiometabolic outcomes following bariatric
surgery has been overlooked. Methods: Retrospective unicentric study of 1,728 obese pa-
tients who underwent bariatric surgery between January 2010 and June 2015. Patients were
divided in 3 age groups, according to their age at surgery: <40 (n = 751), 40-59 (n = 879), and
>60 years (n = 98). Parameters with cardiometabolic impact, such as body anthropometric
measures, lipid profile, and glycemic status, before and 24 months after surgery, were com-
pared between these groups. A multiple linear regression was performed, adjusting differ-
ences between groups for sex, surgery type, and body mass index variation. Results: The
group <40 years presented more weight loss (-35.4 + 9.0 kg, p < 0.001), greater BMI reduction
(-15.8 + 6.1 kg/m?, p < 0.001), and larger changes in waist (-34 + 13.8 cm, p < 0.001) and hip
circumferences (-28.7 + 11.9 cm, p < 0.05). The group of =60 years presented the heaviest re-
duction in fasting glucose (-17.7 + 32.8 mg/dL, p < 0.001) and HbA1c (0.7 + 1.0, p < 0.001), and
also had a tendency to have the biggest changes in systolic blood pressure (-14.7 £ 18.7 mm
Hg, p = 0.071). Conclusion: Patients with >60 years benefit the most from bariatric surgery
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regarding cardiometabolic parameters, presenting heavier reductions in fasting glucose, as
well as HbA1c and a tendency towards a higher decrease in systolic blood pressure. No clini-
cally significant differences in lipid profile were observed between groups.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Obesity is a major health problem worldwide. The World Health Organization estimated
in 2016 that 650 million adults were affected by this disease, with a prevalence that has almost
tripled since 1975 [1]. Bariatric surgery is currently the intervention with the greatest impact
in achieving weightloss among the severely obese, as it is cost-effective and leads to significant
reductions in morbidity and mortality, while improving psychosocial functioning and quality
of life [2-4]. Choosing bariatric surgery as an obesity treatment among older adults is still
controversial. Despite the general perception of an increased risk for perioperative and post-
operative complications, the available data did not reach consensus, with some papers
supporting this idea [5-7], whilst others state that patient’s age may not be an essential factor
to consider for this issue [8, 9]. As a result, surgical decisions in this specific setting are still
made on a case-by-case basis across the world, with careful evaluation of risks and benefits. A
reasonable amount of data exists regarding the impact of patient age on bariatric surgery post-
operative outcomes [6, 8-11]. Despite this fact, there is a shortage of data addressing the role
of age at the moment of surgery on anthropometric measures, lipid profile, glycemic status,
and blood pressure. Considering that these parameters play a pivotal role for cardiometabolic
health, as they are associated indirectly with patient morbidity and mortality [12-14], it is
important to understand the impact that age has on the variation of these factors after bariatric
surgery. This could ultimately be another player that needs to be considered by the clinician
during the evaluation of surgical risks and benefits, especially in the case of older patients.

Methods

We conducted a retrospective observational study with 1,728 obese patients who
underwent bariatric surgery (either Roux-en-Y gastric bypass [RYGB] or sleeve gastrectomy
[SG]) at our hospital between January 2010 and June 2015. All patients were consecutively
selected and followed by the Multidisciplinary Group for Surgical Management of Obesity,
after having met the standard eligibility criteria for bariatric surgery, which are: (1) body
mass index (BMI) >35 kg/m? with 2 or more preoperative comorbidities (diabetes mellitus
type 2, dyslipidemia, hypertension, obstructive sleep apnea syndrome, among others) or BMI
>40 kg/m?; (2) age between 18 and 65 years included; (3) non-satisfactory weight loss after,
at least, 1 year under all the appropriate non-surgical measures; (4) obesity which is non-
secondary to classical endocrine disease; (5) ability to understand the surgical procedure and
to adhere to a long-term follow-up plan; and (6) absence of non-stabilized psychiatric distur-
bances or alcohol /narcotic abuse.

We divided the patients into 3 major groups, considering the age at the time of surgery
(<40 years, 240 and <60 years, 260 years). These groups were compared at baseline and 24
months after surgery for parameters with putative cardiometabolic impact, such as sex,
weight, body mass index (BMI), waist circumference (WC), hip circumference (HC), LDL
cholesterol (LDL), HDL cholesterol (HDL), triglycerides (TG), glycemic status (fasting plasma
glucose levels and hemoglobin A1C - HbA1c), systolic blood pressure (SBP), and diastolic
blood pressure (DBP).
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Table 1. Comparison of age groups regarding parameter variation between before and 2 years after surgery

Parameter variation Group 1 Group 2 Group 3 p value Adjusted
(- baseline value - 2 <40 years 240 and <60 years 260 years p value*
year value) (n=521) (n=657) (n=72)

Weight, kg -35.4%+9.0 -32.2+8.9 -29.3%9.2 <0.001 <0.001
BMI, kg/m? -15.8+6.1 -14.3+5.1 -13.34#5.3 <0.001 <0.001
Waist circumference, cm -34.0+13.8 -29.1+12.1 -28.0£13.0 <0.001 <0.001
Hip circumference, cm -28.7+11.9 -26.1+x11.1 -23.3+x11.0 0.021 0.049
Total cholesterol, mg/dL -14.2+31.4 -21.1+40.8 -7.0£32.5 0.003 0.061
LDL, mg/dL -17.5+26.9 -21.4%35.6 -12.3%33.2 0.097 0.315
HDL, mg/dL +12.0+11.8 +9.0+12.0 +10.0+13.5 0.001 0.062
TG, mg/dL -36.0£58.3 -40.0+£58.0 -35.0£59.0 0.571 0.482
Glucose, mg/dL -6.0+16.0 -13.0+22.0 -17.7+32.8 <0.001 <0.001
HbAlc, % -0.2+0.5 -0.4+0.7 -0.7+1.0 <0.001 <0.001
HOMA-IR -2.9+3.2 -2.5+3.5 -7.1+5.8 0.075 0.677
Diabetes remission?, % 89.0 65.9 459 - -

SBP, mm Hg -10.0+18.9 -12.6+20.6 -14.7+£18.7 0.274 0.071
DBP, mm Hg -8.2+13.3 -10.1+13.8 -9.0+9.6 0.300 0.167
Hypertension remission?, % 65.5 27.9 15.2 - -

BM], body mass index; LDL, Low density lipoprotein; HDL, high density lipoprotein; TG, triglycerides; HbA1C, Hemoglobin
A1C; HOMA-IR, insulin resistance determined by homeostatic model assessment; SBP, systolic blood pressure; DBP, diastolic
blood pressure. * Variables adjusted to sex, surgery type and BMI variation (except BMI variation and weight variation that were
only adjusted to sex and surgery type). ! Diabetes remission was calculated considering the proportion of diabetic patients at
baseline that achieved remission 2 years after surgery. At baseline, group 1 had 99 diabetic patients, group 2 had 220 and group
3 had 37 diabetic patients. > Hypertension remission was calculated considering the proportion of diabetic patients at baseline
that achieved remission 2 years after surgery. At baseline, group 1 had 113 hypertensive patients, group 2 had 376 and group
3 had 58 hypertensive patients. 2 It is relevant to point out that the number of diabetic and hypertensive patients at baseline
is higher but some of these patients presented missings regarding diabetes and hypertension status at 2 years and, for this

reason, were excluded of this calculation.

To fully understand the impact of patient’s age on these parameters, we carried out a
comparison between groups regarding their variation between baseline and 24 months after
surgery, and the same for the proportion of patients with diabetes mellitus and hypertension
achieving remission. In this specific analysis (Table 1), patients presenting missing data at 24

months after surgery were excluded.

The proportion of patients with dyslipidemia, hypertension, and diabetes mellitus was
also assessed at baseline and 24 months after surgery and was compared between groups.
Hypertension was defined as SBP >140 mm Hg, DPB 290 mm Hg or a patient taking anti-
hypertensive medication; diabetes mellitus (DM) was defined as fasting plasma glucose >126
mg/dL, HbAlc >6.5%, 2-h post-load plasmatic glucose > 200 mg/dL during an oral glucose
tolerance test (OGTT) or a patient taking hypoglycemic drug; dyslipidemia was defined as
LDL >160 mg/dL, HDL<40 mg/dL, triglyceride >200 mg/dL or a patient taking anti-dyslip-
idemic medication. Remission, for a given pathology, was considered when a previously diag-
nosed patient did not meet any of the above-mentioned diagnostic criteria 24 months after

surgery.

Statistical Analysis

Continuous variables with normal distribution were presented as means and SD and
were compared using one-way ANOVA. Continuous variables with non-normal distribution
were described as medians and interquartile range. The differences between the 3 age groups
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were compared using the Kruskal-Wallis test. Categorical variables were expressed as
percentages and were compared by using a x? test.

The differences between groups that achieved statistical significance in the univariate
analysisregarding the variation of parameters between baseline and 24 months were included
in linear regressions models, in order to adjust for possible confounding variables (sex,
surgery type - SG vs. RYGB, and BMI variation). Reported p values are 2-tailed and p < 0.05
was considered statistically significant. Analyses were performed with the use of SPSS
Statistics 25® software.

Results

Comparison between Groups at Baseline and 24 Months after Surgery

A total of 1,728 consecutive obese patients who underwent bariatric surgery (SG or
RYGB) from January 2010 to June 2015 were studied, and were divided into 3 major groups,
according to patient age at the time of surgery. Group 1 was composed of 751 patients younger
than 40 years, group 2 included 879 patients aged between 40 and 59 years, and group 3
included 98 patients aged 60 year or more.

At baseline, group 1 had the heaviest patients (120.4 + 19.3 kg), which also presented the
lowest proportion of diabetic (22.1%), hypertensive (57.3%), and dyslipidemic patients
(39.7%). Group 3 presented the opposite results, with the obese patients having less weight
(111.2 £ 15.7 kg) and the highest proportion of individuals with diabetes (68.4%), hyper-
tension (95.9%), and dyslipidemia (89.2%). All these differences were statistically significant
(p < 0.001). On the other hand, there was no difference at baseline BMI between groups (p =
0.191). Focusing on the baseline lipid profile, group 2 presented the highest levels of LDL
cholesterol (127.1 + 33.6 mg/dL, p = 0.042) and TG (127.0 = 33.6 mg/dL, p < 0.001). No clin-
ically significant differences between groups were found regarding HDL cholesterol levels.
The glycemic status also presented divergent results at baseline: Group 1 had the lowest
levels of fasting glucose (88.0 + 17.0 mg/dL) and HA1c (5.4 + 0.8%), while group 3 presented
the highest values of fasting plasma glucose levels (106.0 + 42.0 mg/dL) and HbA1C (6.1
1.2%), these differences being statistically significative (p < 0.001). Insulin resistance deter-
mined by homeostaticmodel assessment (HOMA-IR) was also higher among the older patients
at baseline (7.4 £ 6.9, p = 0.036). When we addressed the blood pressure profile at baseline,
we found differences in the SBP, with higher blood pressures in group 3 (140.0 + 18.9 mm
Hg) and lower pressures in group 1 (129.7 + 16.2 mm Hg, p < 0.001), although there were no
clinically significant differences regarding DBP between groups.

When we evaluated the same parameters 24 months after surgery, we found slightly
differentresults. There was no difference between groups regarding the weight of the subjects
(p = 0.843). In contrast with the baseline data, group 3 presented the highest BMI (31.3 + 4.7
kg/m?), while group 1 had the lowest BMI (28.5 * 4.6 kg/m?, p < 0.001). The same occurred
with WC (101.3 + 10.5 cm vs. 89.1 £ 13.1 cm, p < 0.001) and with the proportion of diabetic
(36.8 vs. 3.0%, p < 0.001), hypertensive (80.0 vs. 19%, p < 0.001), and dyslipidemic patients
(59.6 vs. 5.4%, p < 0.001). When we focused on lipid profile, group 3 presented the highest
levels of TG (93.5 + 43.0 mg/dL, p < 0.001), and no clinically significant differences between
groups were found on LDL and HDL cholesterol plasmatic levels. In addition, there was an
increase of fasting plasma glucose levels (82.0 + 10.0 vs. 85.0 £10.0 vs. 93.0 + 21.0 mg/dL,
p <0.001) and HbA1c (5.2 £0.5vs. 5.3 £0.5vs. 5.5 £ 0.7, p < 0.001) with ageing. There were
no statistically significant differences between groups regarding the HOMA-IR. Finally,
patients from group 3 had the highest SBP levels, with the opposite occurring among those
from group 1 (128.4 +14.0vs.119.0 £ 13.9 mm Hg, p < 0.001). Although no statistically signif-
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Table 2. Comparison between age groups regarding various cardiometabolic parameters at baseline and 2 years after surgery

Group 1 Group 2 Group 3 p value p value

<40 years (n=751) 240 and <60 years (n = 879) 260 years (n = 98)

(n=521) (n=657) (n=72)

baseline 2 years baseline 2 years baseline 2 years baseline 2 years
Female, % 84.7 (636) 84.8 (442) 85.2 (749) 85.8 (563) 81.6 (80) 83.4 (60) <0.001 <0.001
Age, years 32.2+22.0 35.0+8.0 48.3+19.0 50.0+10.0 62.5+7.0 64.0+3.0 <0.001 <0.001
Surgery <0.001 <0.001
SG, % 33.6 (252) 28.8 (150) 32.5(593) 29.7 (205) 41.8 (41) 52.8 (38)
RYGB, % 66.4 (499) 71.2 (371) 67.5 (286) 70.3 (462) 58.2 (57) 47.2 (34)
Weight, kg 120.4+19.3 76.8+14.2 113.8+18.2 77.1+14.8 111.2+15.7 77.8+13.6 <0.001 0.843
BMI, kg/m? 44.2+5.6 28.5+4.6 43.8+5.8 29.7+4.8 44.4+6.0 31.3+4.7 0.191 <0.001
WC, cm 123.6+13.8 89.1+13.1 122.3+12.7 93.8+12.9 127.6+13.7 101.3+10.5 0.006 <0.001
HC, cm 134.0+£11.2 104.2£10.0 131.2+11.1 106.0£10.5 133.3%¥12.7 111.7£10.0 <0.001 <0.001
DM, % 22.1 3.1 43.5 15.2 68.4 37.5 <0.001 <0.001
HTN, % 57.3 19.0 80.0 57.3 95.9 80.0 <0.001 <0.001
Dyslip, % 39.7 5.4 54.2 21.2 89.2 59.6 <0.001 <0.001
LDL, mg/dL 118.5+30.0 101.0+23.6 127.1+33.6 105.1+28.8 116.3+36.3 104.0+30.0 0.042 0.246
HDL, mg/dL 48.7£11.9 61.8+12.0 50.2+11.4 60.4+11.5 48.2+¥11.8 57.9+13.7 <0.001 0.026
TG, mg/dL 118.4+30.0 76.0+41.0 127.0+33.6 83.0+41.0 116.3+36.7 93.5+43.0 <0.001 <0.001
Glucose, mg/dL 88.0+£17.0 82.0+10.0 99.0+24.0 85.0+10.0 106.0+42.0 93.0+21.0 <0.001 <0.001
HbAlc, % 5.4%0.8 5.24£0.5 5.8+0.8 5.3+0.5 6.1+1.2 5.5+0.7 <0.001 <0.001
HOMA-IR 4.2+3.56 1.3+0.9 3.8+3.8 1.2+0.8 7.4+6.9 1.5+1.1 0.036 0.113
SBP, mm Hg 129.7+16.2 119.0£13.9 136.0£17.4 123.5+17.3 140.0+18.9 128.4£14.0 <0.001 <0.001
DBP, mm Hg 82.1+11.0 72.0+15.0 84.1+11.1 76.0+10.0 83.8+9.9 77.5+10.0 <0.001 0.073

BMI, body mass index; WC, waist circumference; HC, hip circumference; DM, diabetes mellitus; HTN, hypertension; Dyslip, dyslipidemia; LDL, low-density lipo-
protein; HDL, high-density lipoprotein; TG, triglycerides; HbA1C, hemoglobin A1C; HOMA-IR, insulin resistance determined by homeostatic model assessment; SBP,
systolic blood pressure; DBP, diastolic blood pressure.

icant differences between groups were found on DBP (72.0 + 15.0 vs. 76.0 + 10.0 vs. 77.5 *
10.0 mm Hg, p = 0.073), there seems to be a tendency of higher SBP in older patients, 24
months after bariatric surgery (Table 2).

Comparison of the Variation of Parameters between Groups

In a second phase, the differences between measurements at baseline and 24 months
after surgery, only on those patients without missings on any of these 2 time points, were
analyzed. The oldest group (group 3) presented less weight loss (-35.4 + 9.0 vs. -32.2 £+ 8.9
vs. -29.3 £ 9.2 Kg, p < 0.001) and smaller BMI variation (-15.78 * 6.1 vs. -14.34 = 5.1 vs.
-13.29 + 5.3 kg/m?, p < 0.001). The same occurred with waist (-28.0 + 13.0 cm, p < 0.001)
and hip circumference (-23.3 + 11.0 cm, p = 0.049). Interestingly, despite having a smaller
variation in the anthropometric measures, group 3 presented the most prominent differences
in fasting plasma glucose levels (-17.7 + 32.8 mg/dL, p < 0.001) and HA1c (-0.7 £ 1.0%, p <
0.001). In addition, there seems to be a tendency among this group to have higher reductions
in SBP (-14.7 + 18.7 mm Hg, p = 0.071).

The proportion of diabetic patients achieving diabetes remission was higher in the group
with younger patients (89.0%) and lower in the oldest group (45.9%), with the same occurring
with the hypertensive patients (65.5 vs. 15.2%). No differences were found between groups
regarding the variation of DBP. Despite group 3 having a smaller reduction of LDL cholesterol
(-12.3+ 33.2 mg/dL, p=0.315) and TG (-35.0 + 59.0 mg/dL, p = 0.482), there were no statis-
tically significant differences between groups (Table 1). All the groups presented an increase
in HDL cholesterol levels after surgery, and a decrease in all other lipid parameters.
The influence of sex and surgery type on the variation of all these parameters according
to age group is presented in the online supplementary material 1 and 2 (see www.
karger.com/doi/10.1159/000511737).
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Discussion

Our study is in line with previous data, which confirms a more prominent effect of
bariatric surgery on weight loss among younger individuals [15, 16], being the ones with the
greatest changes in the other anthropometric measures (BMI, HC and WC). Conversely, the
opposite occurs with the group containing the older patients (group 3). This could be explained
by their diminished metabolic rate, an increased prevalence of sarcopenia, and a longer time
suffering from comorbidities that influence their physical condition [17]. Despite this fact, our
research shows that patients older than 60 years at the time of surgery are those with the
greatest cardiometabolic benefits, presenting the highest reductions of fasting glucose and
HbAlc (p adjusted <0.001) and also a tendency to have a greater reduction in the SBP
(p adjusted = 0.071). These findings were independent of patient’s sex, type of surgery, and
BMI variation. In addition, the oldest patients have also a relevant proportion of hypertension
and diabetes remission 24 months after surgery (45.9 and 15.2%, respectively). Previous
data regarding cardiometabolic risk effects of bariatric surgery among the elderly found
similar benefic results on diabetes, hypertension and dyslipidemia remission [18]. Despite
having the smallest improvement of glycemic and tensional parameters, the youngest group
presented the highest rates of diabetes mellitus and hypertension remission. This occurred
probably because they also had the best glycemic and tensional profile at baseline of all
groups (Table 2), making it easier to achieve remission.

These results should be considered when weighing the pros and cons of bariatric surgery
in older patients. Despite the expected increase of surgical risk, the pronounced positive
effect on parameters with cardiometabolic impact may be worth the risk in selected cases
with no major contraindications for surgery.

Further research is needed in order to shed a light on the cost-effectiveness of bariatric
surgery in elderly individuals (even those older than 65 years) and also to obtain more infor-
mation regarding the impact of age on the parameters presented with cardiometabolicimpact.
The authors believe that not only will the surgery option decrease the costs related with
diabetes and hypertension management during follow-up, but it will also lead to an increase
in life expectancy and well-being among these patients. These are crucial factors which are
making other researchers start to question the legitimacy of setting 65 years as the maximum
age for performing bariatric surgery [19]. Data regarding the impact of bariatric surgery on
cardiometabolic risk among elderly individuals found a benefic effect on weight loss, glucose
and lipid profile. In addition, it led to a significant decrease of the prevalence of hypertension,
diabetes mellitus and dyslipidemia, being an effective procedure in this population [18].

Some researchers believe that in selected cases, surgery might even be an option in the
future for patients older than 75 years, considering that the procedure remains safe and
effective (despite the higher risk of patient-associated comorbidities) [20].

The main strength of this retrospective study is the high number of subjects studied, who
were consecutively selected in just one hospital center. In addition, this is one of the first
studies, to our knowledge, to focus on the impact of patient age on glycemic status, lipidic
profile, and blood pressure, which accordingly adds new data to the benefits of bariatric
surgery in individuals older than 60 years. Despite these facts, we are aware that the majority
of subjects in our study were women (more than 80%) and, for this reason, the p value
regarding the differences of parameter variation between groups (Table 1) was also adjusted
to sex.

Regarding the limitations of the study, itis relevant to point out that this is a retrospective
study with consecutive patient selection. This led to a disproportion between group sizes
(group 1: n = 751, group 2: n = 879; group 3: n = 98). In addition, we would have liked to
address specifically the impact of bariatric surgery on patients >65 years, but our tiny popu-

1
Karger <



Obes Facts
DOI: 10.1159/000511737 © 2020 The Author(s). Published by S. Karger AG, Basel

ObeSity FaCtS www.karger.com/ofa

Mendonga et al.: Impact of Age in Bariatric Surgery Metabolic Outcomes

lation would limit the validity of the conclusions (n = 18 patients, 4 submitted to RYGB and
14 submitted to SG). We also did not question our patients about their exercise capability/
adherence, neither the presence of pathologies preventing them from exercising (such as
osteoarthritis), nor diet habits after surgery, which are aspects that should be considered
when interpreting these results. In this article, we also do not present the complication rate
of each surgical procedure, a factor that should be considered before choosing the type of
surgery.
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