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Abstract: Background The percentage of excess weight lost (%EWL) after bariatric surgery (BS)
shows great discrepancies from one individual to another. Objective To evaluate the %EWL one
year after BS and to determine the existence of baseline biomarkers associated with weight loss.
Methods We studied 329 patients with morbid obesity undergoing three types of BS (biliopancreatic
diversion (BPD), Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (5G)), depending on the
%EWL one year after surgery: good responders (GR) (%EWL>50%) and non-responders (NR)
(%EWL <50%). Results The GR presented a higher percentage of change in anthropometric and
biochemical variables compared to the NR group, even within each type of BS. There was a greater
percentage of GR among those who underwent RYGB. The patients who underwent SG showed the
lowest decrease in biochemical variables, both in GR and NR. Within the GR group, those with a
lower age showed greater improvement compared to the other age groups. A %EWL >50% was
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negatively associated with the age and atherogenic index of plasma (AIP), and positively with the
type of BS (RYGB). Conclusions The GR group was associated with lower age and AIP and
undergoing RYGB. Additionally, those patients who underwent SG showed a lower metabolic
improvement.

Keywords: morbid obesity; bariatric surgery; excess weight loss

1. Introduction

Obesity and related comorbidities are health problems worldwide. In 2016, about 13% of the
world’s adult population was shown to be obese [1]. Bariatric surgery (BS) is a therapeutic approach
to obesity and its comorbidities, and results in huge benefits in comparison with pharmacological
actions [2]. It has been demonstrated that weight loss due to surgery was greater than other
conservative therapy effects, and produced better glucose control than medical therapy did [3]. That
reduction reaches its maximum between 6 months and 3 years post-surgery [2—4].

Several studies suggest that weight loss is an important contributor to the health outcomes
associated with BS [5]. It was considered favourable to lose at least 50% of excess weight after surgery
[6]. However, the weight reduction after BS shows great discrepancies from one individual to another
[7], with a minority of patients (5-20%) who do not achieve successful long-term weight loss [7].
Considering post-operative weight loss and subsequent recovery, a classification that stratifies the
patients into good responders and non-responders was established [8].

Several studies have compared the percentage of excess weight loss (%EWL) between different
types of BS [9] or even different techniques of the same type of surgery [10], while others have
analyzed several preoperative predictors with discordant results [11,12]. However, the surgery
response, even performed with the same technique, is variable among different subjects. This fact
could be explained due to metabolic differences before undergoing BS which can be reflected in
anthropometric measurements or baseline serum markers [13]. Therefore, these biomarkers may be
able to predict the weight loss response rate. However, it is unclear which factors are associated with
the amount of excess weight loss after BS [14,15]. A more profound study of pre-surgical factors that
are able to predict treatment success would be very useful in clinical practice in order to select the
best candidates for each intervention. Some preoperative factors are a predictor of weight loss after
Roux-en-Y gastric bypass (RYGB), such as body mass index (BMI) and waist circumference, and age
[16]. There is evidence that increased age is associated with a lower %EWL [17]. However, other
studies suggest that for patients older than 50 and 60 years, age does not influence the outcome after
BS [18].

According to this background, the aim of this retrospective observational study was the
evaluation of the response regarding weight loss in the short term (1 year after BS) on all patients
with morbid obesity who underwent different BS techniques, as well as to determine the existence of
baseline biomarker associated to weight loss.

2. Experimental Section

2.1. Subjects of Study

Patients with morbid obesity (BMI >40 kg/m?) in our retrospective observational study were
selected among the 582 subjects that underwent BS at the Virgen de la Victoria University Hospital
and at the Regional University Hospital of Malaga between 20082017 and consented to participate
in the study. From those, only those patients that attended at baseline and at the follow-up one year
after BS, and with data in all the variables analyzed were included (n = 329). There are no significant
differences in biochemical and anthropometric variables and comorbidities between patients
included and not included in this study (data not shown). Three types of surgical techniques (sleeve
gastrectomy (SG), biliopancreatic diversion (BPD) and RYGB) were performed. The surgical
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technique used depended on the multidisciplinary team that followed the patient. RYGB and SG
were performed at the Regional University Hospital, and BPD and SG were performed at the Virgen
de la Victoria University Hospital. The characteristics of these techniques have been shown in
previous studies [19,20]. RYGB consists of a small longitudinal gastric pouch (20 mL) created along
the lesser curvature that is totally separated from the main stomach. The jejunum is divided 40 cm
distal to the ligament of Treitz and advanced in an antecolic/antegastric position to create a 125 cm
Roux-en-Y limb, which is anastomosed to the gastric pouch [20]. BPD consists of a distal gastrectomy
with a long Roux-en-Y reconstruction with the enteroenteric anastomosis performed 50 cm proximal
to the ileocecal valve and the gastroenteric anastomosis performed 250 cm proximal to the ileocecal
valve, with 200 mL of gastric volume [19]. SG is a technique that involves a longitudinal section
parallel to the gastric lesser curvature supervised by the Fouche probe. The vascularization of the
stomach is not compromised as the arterial supply of the celiac trunk remains intact [19]. The SG
technique was similar in these two hospitals. The study was conducted in accordance with the
guidelines laid down in the Declaration of Helsinki. All participants gave their informed consent to
participate in this study prior to BS, and the study was reviewed and approved by the Ethics
Committee of the Provincial Research of Malaga. The patients with morbid obesity were evaluated
at baseline (prior to BS) and were followed up one year after the intervention by a multidisciplinary
team (surgeons, endocrinologists and researchers), during which different anthropometric and
biochemical data were prospectively collected. When the patients gave their consent, they were also
informed that the data to be collected would be used for studies other than this one.

2.2. Clinical and Anthropometric Variables

Data were prospectively collected prior to BS and at 12 months in the postsurgical period.
Anthropometric variables, both before BS and one year after, were measured in all the patients with
morbid obesity included in the study. These included measurements of weight, height, waist and hip
circumferences, and blood pressure. BMI was calculated as weight in kilograms divided by height in
square metres. The %EWL was based on the excess weight compared to the weight corresponding to
a BMI of 25 kg/m? for each patient.

2.3. Assessment of Weight Change

We assessed %EWL as 100 x (preoperative weight—weight at the time of
evaluation)/(preoperative weight—weight corresponding to BMI = 25 Kg/m?) [21]. The different
patterns of weight loss were defined based on the EWL Reinhold criteria. Weight loss was considered
insufficient when %EWL <50% in analogy with the Reinhold criteria [22]. The Reinhold criteria were
modified by Christou et al. [23]. The patients with %EWL >50% of the weight at the beginning and
throughout follow-up were considered as good responders (GR). On the other hand, patients with
%EWL <50% of the weight at the beginning and up to the follow-up were considered as non-
responders (NR).

2.4. Biochemical Variables

Blood samples were collected after a 12-h fast. The serum was separated and immediately frozen
at =80 °C [19]. Serum glucose, cholesterol, triglycerides and HDL were analysed using an Advia
Chemistry XPT autoanalyzer (Siemens Healthcare Diagnostics). Coefficients of variation for glucose,
cholesterol, triglycerides and HDL were 1.8%, 2.5%, 3.9% and 4.5% respectively. The LDL was
calculated from the Friedewald equation. Serum insulin levels were measured by immunoassay
using an ADVIA Centaur autoanalyzer (Siemens Healthcare Diagnostics). Insulin resistance was
calculated by the following formula: HOMA-IR = fasting insulin (uIU/mL) x fasting glucose
(mmol/L)/22.5. The determination of leptin and adiponectin was performed by commercial enzyme-
linked immunosorbent assay (ELISA) (Mediagnost, Germany, BLK Diagnostics, Spain, respectively).
C-reactive protein (CRP) was performed by commercial ELISA (DRG Instruments GmbH, Marburg,
Germany). Atherogenic index of plasma (AIP) was calculated as log (triglycerides/HDL) [24]. Total
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cholesterol/HDL cholesterol (TC/HDL) and triglycerides/HDL cholesterol (TG/HDL) index were also
calculated [25]. The percentages of change (A) of the different anthropometric and biochemical
variables at one year after BS were calculated using the following formula: (baseline variable—one-
year variable) x 100/baseline variable [19].

Alterations in hydrocarbon metabolism were defined according to the criteria proposed by the
American Diabetes Association (ADA) [26]. Type 2 diabetes mellitus (T2DM) was defined as two
fasting plasma glucose values >125 mg/dl or glycated haemoglobin >6.5% or treatment with non-
insulin hypoglycaemic agents or insulin. Criteria for hypertension diagnosis were current treatment
with antihypertensive agents and/or systolic blood pressure >140 mmHg and/or diastolic blood
pressure >90 mmHg [27]. Hypercholesterolemia was defined as total cholesterol >200 mg/dl or the
use of cholesterol-lowering drugs [28].

2.5. Statistical Analysis

The statistical analysis was performed with SPSS (Windows 15.0; SPSS, Chicago, IL, USA). Data
were expressed as mean * standard deviation for continuous variables and as percentages for
categorical variables. Student’s t-test was performed to assess differences between two means. The
differences in the variables within the same group, before and after BS, were compared with the
Student’s t-test for paired samples. Comparison between the results of the different groups was made
with the one-way ANOVA and the post hoc analysis with the Bonferroni test. A Chi-square test was
used to evaluate the degree of association between categorical variables. Pearson correlation
coefficients were calculated to estimate the lineal associations between variables. The strength of
association between variables was analysed by multivariate logistic regression models controlled for
potential confounders such as age, sex, BMI at baseline, among others. Values were considered to be
statistically significant when p < 0.05.

3. Results

We followed 329 patients with morbid obesity during the first year after BS. Table 1 shows the
characteristic of patients included in this study according to the type of BS. Patients underwent BPD
were slightly more obese (higher weight (p = 0.001), BMI (p = 0.001), and waist (p = 0.045) and hip
circumferences (p = 0.018)), and those underwent SG had lower glucose levels (p = 0.004). Patients lost
the same total weight regardless of the type of BS (BPD: 44.2 + 15.5 kg; RYGB: 48.4 + 16.8 kg; SG: 44.8
+17.7 kg; p =0.230). However, there was a lower percentage of total weight-loss (A-Weight) after BPD
(29.7 + 8.9%) than after RYGB (35.2 + 8.1%) and SG (32.6 + 9.3%) (p = 0.002).
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Table 1. Characteristics of patients with morbid obesity at baseline classified according to the type of

bariatric surgery.

Pre-Surgery

BPD RYGB SG
N (%) 66 83 180
Sex (men/women) 24/42 20/63 59/121
Age (years) 429+9.6 439+94 44.1+10.1
Weight (Kg) 147.4+22.8 2 135.3+23.7" 135.1 £23.7°
BMI (kg/m?) 53.8+652 49.7+8.0° 50.2+7.7°%
Waist (cm) 1414 +16.7 2 135.8+154%" 1344+134"
Hip (cm) 152.6+£13.3 2 147.6 +17.2° 146.1+149°"
SBP (mmHg) 138.5+20.9 137.9+18.3 1375+19.1
DBP (mmHg) 84.9 +14.5 81.7+12.5 83.0+10.4
Glucose (mg/dL) 117.1+40.6 2 119.8+51.92 104.8+499°"
Total cholesterol (mg/dL) 193.3 £44.9 197.8 £37.0 187.5+33.7
Triglycerides (mg/dL) * 151.3 (101.2-208.0) 127.0 (99.0-184.0) 122.0 (77.1-145.5)
HDL (mg/dL) 44.6+10.4 471+11.5 444+113
LDL (mg/dL) 119.9+36.3 121.6 +31.6 109.8 +31.7
Insulin (uIU/mL) * 19.2 (16.2-24.3) 15.3 (13.2-21.9) 13.1 (11.1-20.4)
HOMA-IR * 5.03 (4.2-7.7) 4.01 (3.3-6.2) 3.6 (2.6-4.9)
Leptin (ng/mL) * 58.8 (52.3-84.6) 62.3 (49.0-81.5) 41.9 (33.4-57 .4)
Adiponectin (ug/mL) 8.8+4.5 79+3.8 82+3.5
CRP (mg/L) * 5.3 (3.9-9.3) 9.7 (7.8-16.4) 3.3(1.5-8.1)
TG/HDL * 3.7 (1.9-5.6) 2.7 (2.1-3.5) 2.1(1.7-3.2)
TC/HDL 43+12 43+1.1 43+12
AIP 0.46 £ 0.26 0.45+0.27 0.47 £0.27
Comorbilities
%Patients with T2DM (n) 39.4 (26) 44.6 (37) 32.7 (59)
%Patients with hypertension (n) 74.3 (49) 82.0 (68) 72.7 (131)
Y%Patients with hypercholesterolemia (n) 47.0 (31) 67.5 (56) 41.7 (75)

The results are given as the mean + SD. * These results are given as median (interquartile range). BMI:
Body mass index. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HOMA-IR:
homeostasis model assessment of insulin resistance index. CRP: C-reactive protein. TG: triglycerides;

TC: total cholesterol. AIP: atherogenic index of plasma. Different letters show significant differences

between the means of the three types of bariatric surgery: p < 0.05.

The characteristics of patients classified according to the % EWL are presented in Table 2. Those
patients with %EWL <50% presented a higher age (p = 0.031), baseline BMI (p = 0.005) and hip
circumference (p = 0.037) than those with %EWL 250%. There was a decrease in the percentage of
comorbidities after BS, both in the group of patients with %EWL <50% and with %EWL 250% (Table
2). However, these changes were more significant in those with %EWL >50%.
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Table 2. Characteristics of patients with morbid obesity at baseline and one year after bariatric

surgery, classified according to the percentage of excess weight loss (%EWL).

Pre-Surgery Post-Surgery
%EWL <50% %EWL 250% %EWL <50% %EWL >50%
N (%) 64 (19.4%) 265 (80.6%) 64 (19.4%) 265 (80.6%)
Sex (men/women) 18/46 85/180
Age (years) 46.6 +10.2 4394971
Weight (Kg) 142.2 +24.9 13714237  1119+17.6%  87.9+1412%
BMI (kg/m?) 53486 50.1+7.41 20+58% 32.1+452
Waist (cm) 1409 +14.3 1366+158  1200+125% 1024+1222%
Hip (cm) 15254145  1471+1541  132.1+121% 1135+12.82
SBP (mmHg) 142.8+19.9 1378+186  1316+19.6%  127.9+204%
DBP (mmHg) 84.5+10.7 82.7+11.9 814+13.0%  767+12.31
Glucose (mg/dL) 1153 +34.1 11074419  916+122% 83941552
Total cholesterol (mg/dL) 196.7 +39.1 18814367  1823+506  1737+3821%
. . 183.0 122.1 147.0 82.0
Triglycerides (mg/dL)” (123.2-2345)  (92.9-168.0)  (106.5-168.0)*  (60.5-114.0) 24
HDL (mg/dL) 449+109 455+113 507+155% 537133+
LDL (mg/dL) 120.8 +34.0 11394322  108.8+400  1035+32.8%
Insulin (UIU/mL) * 153 (134-206) 17.1(12.9-23.6) 9.1 (74-114)% 75 (52-9.1) 24
HOMA-IR * 43(35-55)  44(33-67)  21(1524)% 15(1.1-1.9)2
Leptin (ng/mL) * 784(58-881) 582(437-750) | 5.12_5;;_2) e
Adiponectin (jg/mL) 9.1+4.0 79+4.1 11.1+53 138467+
CRP (mg/L) * 75(G7-117)  81(3.9-114)  03(02-17)* 07 (0.3-2.3) %
TG/HDL * 4027-59)  26(19-36)  31(Q29-40)f 1.6(1.0-2.4)2¢
TC/HDL 46+12 43+1.1 37+114 33+09 1
AIP 0.50 +0.26 0.45+0.27 036+025¢  0.19+0212
Comorbilities
%Patients with T2DM (n) 453 (29) 35.4 (94) 32(2) 0.8(2)*
%Patients with hypertension (n) 82.8 (53) 73.5 (195) 609 (39) 49.1 (130) ¢
oPatients with 56.2 (36) 48.3 (128) 39.0 (25) * 28.3 (75) ¢

hypercholesterolemia (n)

The results are given as the mean + SD. * These results are given as median (interquartile range). BMI:
Body mass index. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HOMA-IR:
homeostasis model assessment of insulin resistance index. CRP: C-reactive protein. TG: triglycerides;
TC: total cholesterol. AIP: atherogenic index of plasma. Significant differences between patients with
morbid obesity with %EWL < 50 and those with %EWL 250%, both baseline and one year after
bariatric surgery: 'p <0.05; 2p < 0.001. Significant differences in patients with morbid obesity between
before and after bariatric surgery, both in those with %EWL <50% and in those with %EWL > 50%: *p
<0.05; +p <0.001.

3.1. Association Between %EWL and the Variables Studied

The next step was to analyse the linear association between %EWL and anthropometric and
biochemical variables through correlation analysis. There was a significant linear association between
%EWL and age (r =-0.302, p <0.001), weight (r = 0.280, p <0.001), BMI (r = 0.259, p < 0.001), waist (r =
0.215, p < 0.001) and hip circumference (r = 0.287, p < 0.001) and AIP (r =-0.211, p < 0.001). No other
significant associations were found (data not shown).

The variables associated with a %EWL 250% in a logistic regression model were the age, AIP
and the type of BS (RYGB) (Table 3). This regression was adjusted for sex, BMI, HOMA-IR, CRP and
hypertension (yes/no), which are related to the metabolic alterations most frequently associated with
the presence and development of obesity: insulin resistance (HOMA-IR) [29], inflammation (CRP)
[30] and hypertension [31].
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Table 3. Variables associated with a %EWL 250% (%EWL <50% (0) and %EWL >50% (1)) obtained
from a logistic regression model.

B Coefficient p OR  (95% Confidence Interval)

Sex (women = 0/men =1) -0.462 0.449 0.630 0.191-2.081
Age -0.066 0.050 0.936 0.876-0.999

BMI -0.001 0.977 0.999 0.913-1.092
Hypertension (yes =0/no =1) -0.673 0.416 0.510 0.101-2.579
AIP -3.188 0.019  0.041 0.003-0.591

Type of surgery 0.045

Type of surgery (SG) 0.958 0.196 2.607 0.610-11.147
Type of surgery (RYGB) 1.850 0.014 6.360 1.465-27.606
HOMA-IR 0.106 0227 1.112 0.936-1.320

CRP -0.015 0.692 0.985 0.914-1.062

3.2. %EWL According to the Type of BS

One year after BS, 80.5% of patients reached %EWL 250%. When analysed according to the type
of BS, 86.7% of patients who underwent RYGB were GR. For SG, 82.2% were GR and of those
undergoing BPD, 68.2% were GR. There was a greater percentage of patients who underwent RYGB
who reached %EWL 250% compared to the other types of BS (p =0.012).

Table 4 shows the characteristics of patients classified according to %EWL and the surgical
technique used. A worse metabolic profile was found in those patients with %EWL <50%, both within
BPD and SG groups. Within RYGB, we did not find significant differences.

3.3. %EWL and Comorbidities According the Type of BS

We analysed whether there were significant differences in these comorbidities within each type
of BS, according to %EWL (Table 4). Within the SG group, we found a higher percentage of patients
with T2DM (p = 0.034) and hypertension (p = 0.017) in the group of patients with %EWL <50%. No
significant differences were observed within the BPD and RYGB groups.

3.4. %EWL According to Sex

Regarding sex, there were no significant differences in the percentage of women and men
between the group of patients with %EWL 250% or with %EWL <50%.

3.5. %EWL According to Age

When the age was classified in quartiles (<37 years,>37 and <44 (37-44) years, >44 and <52 (45—
52) years and >52 years), we did not find significant differences in the percentage of GR, although a
tendency was observed: the age <37 years group: 85.5%; the 37-44 years group: 82.7%; the 45-52 years
group: 78.7%; the >52 years group: 75.3%.

Subsequently, we analysed whether there were significant differences according to the %EWL
within each age group (Table 5). The main differences were within the 37-44 years group, with higher
levels in the group of patients with %EWL <50%.
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Table 4. Baseline characteristics of patients with morbid obesity classified according to %EWL and the type of bariatric surgery.

%EWL <50% %EWL 250%
BPD RYGB SG BPD RYGB SG
N (% within each type of BS) 21 (31.8%) 11 (13.3%) 32 (17.8%) 45 (68.2%) 72 (86.7%) 148 (82.2%)
Sex (men/women) 8/13 2/9 8/24 16/29 18/54 51/97
Age (years) 420+89 466+118 481+99 416+10.1 435+9.1 444499
Weight (Kg) 1489 +24.6 137.8+235 137.5+26.6 146.6 +21.6° 1348+231" 1347 £23.8"
BMI (kg/m2) 544+78 524+82 523+938 535+592 499:76° 492:74"
Waist (cm) 1438+147 1350 +132 139.5+138 1403158 137.1+162 1351156
Hip (cm) 153.6 +10.4 147.5+203 150.6 +14.7 152241332 147.6 £16.9 % 1452+ 148"
SBP (mmHg) 1380235 134655 1451174 138.7 202 137.6 182 1367 +18.21
DBP (mmHg) 84.4+15.1 77.0+3.4 857+88 85.1+14.9 82.1+12.8 825+10.8
Glucose (mg/dL) 1202 +31.6 1162 +529 105.7 +20.1 115.4 +44.9 b 12025222 103.4 32901
Total cholesterol (mg/dL) 200.0 +42.9 207.6 +45.8 1834 +316 189.6 +46.1 19653592 18233420
Ttiglycerides (mg/dL) * 1655 175.0 179.0 105.0 (87.0-169.0) 1385 110.0
(130.0-210.0) (96.0-183.0) (143.0-222.0) b1 (100.0-202.0)*  (75.5-128.4) 2
HDL (mg/dL) 40.6+104° 50093 454117 5 467+98" 467+118 42:112
LDL (mg/dL) 125.7 +39.6 129.0 £ 40.7 109.3+253 117.2+345 118.3+32.7 109.9 +33.0
Insulin (uIU/mL) * 179 (133222) 170 (137-258) 125 (11.9-154) 222 (167-286) 169 (135-24.1)  17.3 (11.0-22.5)
HOMA-IR * 5.4 (4.2-6.4) 41(34-9.9) 3.5 (2.9-4.3) 6.9 (4.2-9.2) 43(33-6.8) 3.8 (2.7-5.5)
Leptin (ng/mL) * 881(57.7-912) 787 (42.0-122.3) 39.8(39.5-106.0) 56.8 (51.0-67.0)! 632 (46.0-940)  43.8 (35.5-68.8)
Adiponectin (jg/mL) 86+42 9.1+44 9823 8847 71+37 79+3.6
CRP (mg/L) * 5.9 (3.4-9.4) 79(24-156) 94 (48-108)  43(30-9.8)*»  85(38-127) 3.3(1.4-9.2)®
TG/HDL * 3.7 (2.9-5.8) 3.1(2.5-3.5) 2.8 (2.5-5.0) 2.5 (1.7-3.9)2 3.0 (2.0-4.0) 2.2(1.5-3.1)
TC/HDL 524124 42408 424120 41+112 44412 43+12
AIP 0.60 0.27 0.43+0.19 047 £0.27 0.38 0232 0.47 £0.28 0.47 £0.27
Comorbilities
%Patients with T2DM (n) 429 (9) 367 (4) 46.8 (15) 37.8 (17) 458 (33) 29.1 (43) 1
%Patients with hypertension (n) 66.7 (14) 100.0 (1) 87.5 (28) 80.0 (36) 80.5 (58) 69.6 (103) !
%oPatients with hypercholesterolemia 57.1 (12) 81.8 9) 40.6 (13) 422 (19) 65.3 (47) 419 (62)

)

The results are given as the mean + SD. * These results are given as median (interquartile range). BMI: Body mass index. SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; HOMA-IR: homeostasis model assessment of insulin resistance index. CRP: C-reactive protein. TG: triglycerides; TC: total cholesterol; AIP:
atherogenic index of plasma. Different letters show significant differences between the means of the three types of bariatric surgery: p < 0.05. Significant differences
between patients with morbid obesity with %EWL <50 and those with %EWL 250% according to the type of bariatric surgery: ! p <0.05; 2p <0.01 and ®p < 0.001 (to
simplify these data, significant differences are marked in bold).
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Table 5. Baseline characteristics of patients with morbid obesity classified according to the percentage of excess weight loss (%EWL) and age.
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O/OEWL <500/o O/OEWL 250%
<37 Years 37-44 Years 45-52 Years >52 Years <37 Years 37-44 Years 45-52 Years >52 Years
N (% within each group of age) 12 (14.5%) 14 (17.3%) 17 (21.3%) 21 (24.7%) 71 (85.5%) 67 (82.7%) 63 (78.7%) 64 (75.3%)
Sex (men/women) 4/8 5/9 5/12 4/17 23/48 16/51 23/40 23/41
Age (years) 31.2+4.64 406+19c¢ 487+2.1°b 57.9+24- 314+4.74 414+1.8¢ 478+2.1°b 56.4 +£3.4 a1
Weight (Kg) 146.2 +28.1 ab 159.9 +24.52 137.7 +20.9 be 1282 +214-« 1449 +2492 133.3 £21.0 b2 137.0+22.8% 131.8 £23.2°
BMI (kg/m2) 52.6 £10.52b 58.6+7.82 51.2+89¢b 51.3+7.0°b 51.8+8.12 49.7 +7.6 b2 494+ 6.4 b 491+7.0°b
Waist (cm) 148.6 £+ 16.6 2 146.4 £ 16.7 ab 1347 £11.2 ¢ 136.9 £ 13.3 be 137.3+£16.9 ab 132.6 £15.4 b2 136.9 £ 14.2 ab 139.1+15.62
Hip (cm) 152.9 +18.8 156.8 +15.4 149.3 +13.1 149.8 + 149 151.0+ 1642 146.2 + 14.2 ab2 1447 £+ 163 ° 145.7 £ 13.6 %
SBP (mmHg) 127.8+9.8P 1352 +12.4%b 138.7 £22.2% 156.7 +15.8 2 135.6 +155°P 135.3 +18.2b 136.1 £20.6 143.2 £20.1 21
DBP (mmHg) 83.8+8.9 83.5+9.3 83.6+13.8 86.6+9.3 82.0+11.2 83.8+12.1 81.3+12.0 83.8+£12.2
Glucose (mg/dL) 111.7 £ 40.6 127.0 £ 38.3 107.1 +25.6 114.3 +33.6 97.0+31.0¢ 107.1 £ 31.3 be2 111.6 £46.6 ® 126.2+50.2 2
Total cholesterol (mg/dL) 189.7 £ 35.2 198.2 £+45.3 185.1+39.9 206.4 +36.5 184.7 + 36.6 185.4 +37.2 190.2 +37.3 190.7 £ 36.5
Triglycerides (mg/dL) * 194.5 1710 149.9 179.0 117.5 120.0 (89.5-187.5) 105.0 138.8
(127.5-351.4) (150.5-216.0) (112.7-185.4) (122.5-193.0) (71.0-147.0) ® ab1 (88.0-157.0) ® (121.0-209.0) =
HDL (mg/dL) 40.1+8.1¢b 43.0+11.2° 409+94° 52.8+10.82 43.6 +11.7 454 +12.1 459+941 46.7+11.91
LDL (mg/dL) 114.5+£239 119.1£39.1 118.0+37.1 125.0+33.4 114.2 +28.0 114.3 +34.1 114.3 +35.0 112.2 £33.0
Insulin (uIU/mL) * 15.2(12.1-23.4) 25.8 (20.3-33.6) 13.1 (11.9-16.3) 15.4 (13.1-18.8) 18.4 (12.8-29.4) 18.1 (12.8-24.5) 20.1 (15.1-24.0) 16.8 (13.1-23.5)
HOMA-IR * 5.6 (4.1-6.1) 9.4 (5.9-14.2) 40 (3.0-4.3) 39 (3.3-4.7) 41 (2.7-75) 47 (35-6.9)1 5.1 (3.8-7.5) 43(3.3-7.1)
Leptin (ng/mL) * 67.0 (37.1-98.7) 90.7 (83.6-93.5) 60.8 (34.0-91.2) 68.3 (39.6-109.0) 59.1 (49.0-83.3) 53.4 (41.0-85.4) 62.3 (35.9-82.9) 53.0 (38.0-64.2)
Adiponectin (ug/mL) 54+26P 79+5.8ab 9.8+24a 10.8+3.2a 7537 85+4.7 8.6+3.8 89+39
CRP (mg/L) * 7.8 (4.3-28.9) 8.3 (4.1-17.7) 49 (3.4-5.7) 85 (5.5-13.2) 8.3 (3.4-11.3) 42 (1.8-89) 7.3 (1.7-11.8) 7.3 (3.8-9.8)
TG/HDL * 4.6 (3.3-11.5) 4.2 (2.8-5.8) 3.0(2.9-4.0) 2.8 (25-4.2) 2.6 (1.5-3.1) 2.6(1.7-39)1! 2.2 (2.0-3.5) 3.1(2.1-5.6)
TC/HDL 48+13 48+14 46+1.1 41+09 44+13 44+12 42+1.0 42+12
AIP 0.55+0.29 0.59 £0.27 0.51+0.24 0.41+0.26 0.43+0.26 041+0.271 0.45+0.25 0.51+£0.29
Comorbidities
%Patients with T2DM (n) 250 (3) 57.1(8) 47.0 (8) 47.6 (10) 18.3 (13) 26.8 (18)! 34.9 (22) 62.5 (40)
%Patients with hypertension (n) 58.3 (7) 64.2 (9) 82.4 (14) 100.0 (21) 59.1 (42) 74.6 (50) 77.8 (49) 84.3 (54)!
%Patients with
hypercholesterolemia () 41.7 (5) 71.4 (10) 35.3 (6) 71.4 (15) 35.2 (25) 43.2 (29)1 50.8 (32) 68.8 (44)
The results are given as the mean + SD or * as median (interquartile range). BMI: Body mass index. SBP: Systolic blood pressure; DBP: Diastolic blood pressure;

HOMA-IR: homeostasis model assessment of insulin resistance index. CRP: C-reactive protein. TG: triglycerides; TC: total cholesterol. AIP: atherogenic index of
plasma. Different letters show significant differences between the means of the four groups of age: p < 0.05. Significant differences between patients with morbid
obesity with %EWL<50 and those with %EWL250% according to age: ! p< 0.05; 2p < 0.01 and 3p < 0.001 (to simplify these data, significant differences are marked in

bold).
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3.6. %EWL and Comorbidities According to Age

We also analysed whether there were significant differences in the comorbidities within each
age group according to %EWL (Table 5). No significant differences were observed in the group of
patients age <37 years and 45-52 years. Within the 37-44 years group, we observed a higher
percentage of patients with T2DM (p = 0.035) and hypercholesterolemia (p = 0.048) in the group of
patients with %EWL <50%. Finally, within the >52 years group, we observed a higher percentage of
hypertensive patients (p = 0.049) in the group of patients with %EWL <50%.

3.7. %EWL and Percentage Change (A) of Anthropometric and Biochemical Variables

We analysed the A-anthropometric and A-biochemical variables according to the %EWL. Those
patients with %EWL > 50% presented a significant higher percentage of change compared to the
group with %EWL < 50% in A-weight (p < 0.001), A-IMC (p < 0.001), A-waist (p < 0.001), A-hip (p <
0.001), A-triglycerides (p = 0.002), A-leptin (p < 0.001), A-HOMA-IR (p < 0.001), A-adiponectin (p =
0.024) and A-TG/HDL index (p = 0.009). No other significant differences were found.

3.8. %EWL and A-Anthropometric and A-Biochemical Variables According to Type of BS

We also analysed the A-anthropometric and A-biochemical variables according to %EWL and
type of BS (Table 6). Higher A-anthropometric and A-biochemical variables were found in those
patients with %EWL 250% within the three types of BS.

Within the %EWL <50% group (Table 6), the patients underwent SG showed the lowest decrease
in glucose (p = 0.035) and CRP levels (p = 0.015), and the greatest increase in cholesterol (p < 0.001),
HDL (p=0.017) and LDL (p <0.001) levels. The patients underwent RYGB showed the lowest decrease
in waist circumference (p = 0.019).

Within the %EWL >50% group (Table 6), the patients underwent SG showed the lowest decrease
in glucose (p =0.023) and TC/HDL (p = 0.006) levels, and the greatest increase in cholesterol (p <0.001),
HDL (p < 0.001), LDL (p < 0.001) and adiponectin (p = 0.004) levels. The patients underwent BPD
showed the lowest decrease in weight (p = 0.042), BMI (p = 0.042), waist circumference (p = 0.045),
triglycerides (p < 0.001), TG/HDL (p < 0.001) and AIP (p = 0.038).

3.9. %EWL and A-Anthropometric and A-Biochemical Variables According to Age

We also analysed the A-anthropometric and A-biochemical variables according to %EWL and
age (Table 7). Higher A-anthropometric and A-biochemical variables were found in those patients
with %EWL 250% within the four groups of age.

Within the %EWL <50% group (Table 7), there was no age group that was clearly different
compared to the other groups.

Within the %EWL >50% group (Table 7), the <37 years group showed the greatest decreases
compared to the other groups (in weight (p < 0.001), BMI (p < 0.001), waist (p = 0.001) and hip
circumference (p = 0.002), systolic (p = 0.012) and diastolic blood pressure (p = 0.025) and HOMA-IR
(p = 0.035)). The >52 years group showed the greatest decrease in glucose (p = 0.016). The 45-52 years
group showed the greatest increase in adiponectin (p = 0.014).
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Table 6. Percentage change (A) of anthropometric and biochemical variables of patients with morbid obesity classified according to the percentage of excess weight
loss (%EWL) and the type of bariatric surgery.

%EWL <50% %EWL 250%
BPD RYGB SG BPD RYGB SG
A-Weight 209+75 221+73 20.0+£5.2 343+58b3 36.0+6.6 >3 352+ 7.62b3
A-BMI 209+7.5 221+73 20.0+5.2 343+58"b3 36.0+6.6 23 352+ 7.62b3
A-Waist 17.7+552 126+7.1° 142 £553b 224 +6.151 254 +8.123 249 +7.72b3
A-Hip 142+3.7 11.0+£9.2 126 £3.9 212+5.63 232+14.13 223+6.63
A-SBP 9.9+10.5 7.1+20.1 6.6+12.0 9.7+13.6 8.1+13.8 6.2+15.2
A-DBP 11.3+12.9 2.6+£169 0.7+16.0 8.4+16.7 4.7+£225 51+17.3
A-Glucose 205+16.4+2 224+19.82 9.0+14.3"% 20.7 £17.8 2b 24.6+219-2 14.6 £164°
A-Cholesterol 31.6+14.82 -05+15.6° -10.7+24.2°% 249+18.02 11.2+£22.6b1 -6.0+£21.9¢
A-Triglycerides *  24.9 (2.9-58.9) 189 (8.6-41.2)  5.46(-10.9-26.2) 12.8(-12.9-30.3)% 34.6(13.1-51.1)= 41.0 (4.3-50.3) 22
A-HDL 0.8+29.02 -8.8+25.12b -30.5+44.2°% -3.7+265% -202+27.8°% -30.2+31.1°
A-LDL 384+14.07 -55+309° -11.3+36.2° 352+21.22 11.2+£34.22b -23+103.0°¢
A-Insulin * 47.4 (40.9-60.7) 20.1 (13.2-35.1) 16.3 (13.2-29.3) 62.9 (55.3-70.9)2  54.6 (37.9-67.2) 58.4 (44.1-70.6) 3
A-HOMA-IR* 555 (462-77.6)  26.8(21.6-39.8)  32.3(29.1-42.4) 735 (64.1-76.8)1  67.4(52.3-77.7)  60.6 (51.7-77.2)3
A-Leptin * 53.2 (47.8-69.6) 52.3 (48.5-61.2) 51.9 (50.8-56.5) 85.4(77.9-88.3)2 76.9 (70.7-85.1) 2 76.6 (64.0-79.9) !
A-Adiponectin -12.0+£37.0 -82.7+59.5 -55.9 £60.1 -33.5+£56.02 -119.1 £150.4 ® -156.0 +124.3®
A-CRP * 95.8 (87.7-97.2)2 71.7 (65.4-82.2) > 65.2 (54.9-71.8)>  84.8 (72.1-93.2) 83.8 (66.6-94.2)  89.2 (60.2-91.9) 3
A-TG/HDL * 31.4 (11.0-45.5) 35.7 (15.6-49.7) 8.8 (-17.4-34.6) 0.23(-12.9-24.7)®> 475(26.1-61.1)* 52.6 (7.7-62.7) 2!
A-TC/HDL 28.1+179=a 26+29.7° 92+256"% 25.0+16.4+7 23.4+19.8 1 152+£22.0°b
A-AIP 53.1£154.0 19.9 +98.1 53.1+77.6 21.2+213.1° 49.6 +72.2 2P 70.0+87.9 21

The results are given as the mean + SD or * as median (interquartile range). BMI: Body mass index. SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
HOMA-IR: homeostasis model assessment of insulin resistance index. CRP: C-reactive protein. TC: total cholesterol. TG: triglycerides; AIP: atherogenic index of
plasma. Different letters show significant differences between the means of the three types of bariatric surgery: p < 0.05. Significant differences between patients
with morbid obesity with %EWL <50 and those with %EWL 250% according to the type of bariatric surgery:p < 0.05; 2p <0.01 and *p <0.001 (to simplify these data,
significant differences are marked in bold).
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Table 7. Percentage change (A) of anthropometric and biochemical variables of patients with morbid obesity classified according to the percentage of excess weight

loss (%°EWL) and age.

%EWL <50% %EWL >50%
<37 Years 37-44 Years 45-52 Years >52 Years <37 Years 37-44 Years 45-52 Years >52 Years
A-Weight 20.4+6.3 23.5+5.9 193+7.1 195+55 39.6+7.3 23 34.8 + 6.6 b3 33.8+6.0 b3 32.945.8 b3
A-BMI 20.4+6.3 235+5.9 19.3+7.1 19.5+55 39.6 +7.3 23 348 +6.63 33.8+6.003 329 +5.8b3
A-Waist 15.1+£5.2 15.8+6.3 145 +5.1 14.8+6.9 27.8 +6.8 23 23.7+9.1 b2 23.1+5.2b3 23.1+7.5b3
A-Hip 129+4.7 13.7+64 134 +4.0 11.8+49 252 +6.723 23.2+10.3 ab3 19.8 +10.8 <3 20.6 +5.6 bed
A-SBP 3.6+9.8 49+9.8 5.7+16.2 13.1+83 12.0+12.221 6.3+144° 43+15.1% 54+159°P
A-DBP 71+144 0.5+11.6 04+21.0 6.4+14.8 114+15.62 6.3+17.8ab -0.6 +17.5° 3.8+19.9°
A-Glucose 14.7 £19.1 b 251+16.52 9.7+17.5% 12.9+12.22b 128+19.1¢ 16.1 £15.4 be 19.5+17.5ab 245+18.7a1
A-Cholesterol 182+20.2a 11.3+27.42ab -1.6 £32.7ab -3.1+£240° 9.4+21.6 34+257 4.6 +23.8 -1.2+26.8
A-Triglycerides 66.7 -15.6 27.5
4 (58.3-75.2) 22.4 (-2.5-40.9) (-23.5-2.9) (16.5-37.2) 25.0 (10.5-50.1) 23.9 (-3.4-55.5) 32.8 (15.8-45.2) 1 355 (-1.1-53.8) !
A-HDL -12+154- -0.6+2382 —45.5+55.8 " -12.0+29.12 -22.3+30.71 —24.7 +34.8 1 -24.5+28.0 -225+319
A-LDL 14.7 £21.1 6.8 +38.0 45+427 -10.6 +36.8 9.7 +30.2 0.9+40.0 24.7 +145.6 -7.0+45.7
A-Insulin * “ 3.426_';).5) 70.8 (40.5-78.7)  44.3 (41.4-47.5) @ 4?;2_367 8 58.3 (50.1-63.3) 2 58.8 (38.6-68.3) 53.4 (40.7-68.7) 3 58.8 (24.7-72.9) 2
. 62.5 43.0 66.6 (56.3-73.1) 71.0 (50.1-77.1) 67.7 (52.6-79.1) 72.0 (51.7-78.5)
A-HOMA-IR (47.5-77.6) 77.7 (54.9-84.9)  53.2 (49.0-55.4) (34.5-47.8) ol b b3 b2
A-Leptin * 5 0583—525 6) 49.7 (49.2-70.8)  47.0 (40.3-59.6) G 6651—61 41) 82.1 (73.3-88.2)" 75.7 (65.9-81.5) 77.6 (71.0-85.0) 2 79.9 (62.3-83.8) !
A-Adiponectin -54.1+25.6 -10.8 £+43.9 -1.7+394 -50.1 +58.6 -91.6+92.22 -81.2+101.02 -213.7 £193.9 b1 -105.1+82.32
. 96.8 65.2
A-CRP (95.9-97.8) 93.3(85.9-96.2)  82.1(78.7-88.9) (54.9-80.9) 91.7 (80.7-96.1) 79.1 (50.4-87.8) 81.1 (69.4-91.3) 85.5 (54.4-95.4)
A-TG/HDL * 622 201 1.9 (-27.5-15.0) 34.6 29.4 (7.7-58.3) 50.3 (-5.5-53.4) 48.3 (19.3-60.8) 46.2 (-9.6-58.1) 1
(50.1-74.2) (-11.7-30.5) (21.7-47.5)
A-TC/HDL 17.5 +24.92b 9.9 £27.2ab 248 +24.62 3.1+24.1° 22.8+20.1 18.8 £20.1 21.5+22.6 14.8 £20.81
A-AIP 18.7 £ 39.02P 9.4 +73.4b 95.4+175.02 46.9 + 58.7 ab 43.2 +77.0 37.4+150.0! 79.2+121.2 64.2+92.8

The results are given as the mean + SD. * These results are given as median (interquartile range). BMI: Body mass index. SBP: Systolic blood pressure; DBP: Diastolic

blood pressure; HOMA-IR: homeostasis model assessment of insulin resistance index. CRP: C-reactive protein. TG: triglycerides; TC: total cholesterol. AIP:

atherogenic index of plasma. Different letters show significant differences between the means of the four groups of age: p < 0.05. Significant differences between

patients with morbid obesity with %EWL <50 and those with %EWL 250% according to age: 1p < 0.05; 2p < 0.01 and 3p < 0.001.
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4. Discussion

The main finding of our study is that the main variables associated with a higher chance of a
good weight loss response were age and the type of BS (RYGB), with the weight loss and AIP
improvement being associated with each other; those patients with less age (<37 years) are those that
show a greater improvement in the variables analysed, mainly in the group with %EWL 250%.
Additionally, those patients who underwent SG were those who showed a lower metabolic
improvement (triglycerides, insulin, HOMA-IR, leptin and CRP), mainly in the group with %EWL
<50%.

We found that BS achieves successful results in most of the variables studied in the short term,
with an adequate percentage of post-surgery success 12 months after BS. Moreover, we observed
significant improvements both in the non-responders group and in the good responder group.
However, there are slight differences. The good responder group presents a greater improvement,
and not only in anthropometric variables. However, the effects of all types of BS are not equal [32].
We also found slight differences between the effects of three types of BS. RYGP produced a higher
%EWL than SG and, mainly, BPD. However, these patients had worse anthropometric characteristics.
This could be conditioning that the %EWL was slightly lower in these patients. Other variables not
considered in this study, such as the metabolic state of adipose tissue, could affect %JEWL. The worse
anthropometric characteristics of patients underwent BPD could alter the metabolism of adipose
tissue: higher adipocyte hypertrophy is closely associated with a metabolic dysregulation [33], which
could be associated with the evolution of these patients after BS [34]. On the other hand, and
according to our results, there are studies showing a similar %EWL with RYGB [13,23]. We found
that the percentage of patients with morbid obesity who do not achieve the desired weight loss
depends on the type of surgery. Ma et al. [17] found that 85% of the patients who underwent gastric
bypass achieved >50% EWL [17]. With regard to patients undergoing SG, and according to our
results, other studies showed %EWL between 43 to 86% [35]. However, SG was the type of BS that
produced the least improvement in the metabolic profile, mainly in the group with %EWL < 50%.
This agrees with previous studies in which techniques with an important malabsorptive component
were more effective than SG for weight outcomes and improvement of obesity-related comorbidities
[36].

In addition to the effect of the type of bariatric surgery on %EWL, we observed that the weight
loss is influenced by the age of the patient. Our study shows a tendency, with a higher %EWL in
younger patients, as in other studies [16-18]. Different studies suggested that patients older than 50
years lost 40% less weight 2 years after BS than younger patients [18,37], with morbidity and mortality
rates higher in older patients [11,38]. In addition to the influence of age on %EWL, we also found that
there are differences between good responders and non-responders within each group of age. In
general, good responder patients have a better baseline biochemical and anthropometric profile than
those non-responders, mainly in the 37-44 years group. However, this better profile disappears as
age increases. We observed that patients with a lower age showed some predictive factors of a %EWL
250%, mainly the group with 3744 years; a better anthropometric (weight, BMI, waist and hip
circumference), glycaemic (glucose, insulin and HOMA-IR) and atherosclerotic (triglycerides,
TG/HDL index and AIP) profile. Overall, these patients have a better metabolic profile. These results
suggest that there is a group of young patients with morbid obesity with a better metabolic profile,
who are more favourable to adequate weight loss.

The last variable that we found to be associated with %EWL is AIP. It is a strong risk factor for
atherosclerosis and a predictive factor for emergency cardiovascular events [39]. This index
significantly improved after BS in all patients. Additionally, baseline AIP is lower in the group of
BPD with %EWL >50%. As is known, and as we also found, BPD produces a significant improvement
of the lipidic profile, which is closely linked to cardiovascular risk. Immediate post-surgical results
showed a greater improvement in the lipid profile in patients who underwent BPD than in those who
underwent SG [40].

We also found a significant decrease in the percentage of patients with T2DM, hypertension and
hypercholesterolemia after BS regardless of %EWL (Table 2). In addition to weight loss, other
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metabolic factors related to surgical technique may determine the evolution of these comorbidities.
There are numerous studies that support the results obtained in our study regarding weight
reduction and control of cardiovascular risk factors in the short term. Piché et al. showed a reduction
in comorbidities such as hypertension, T2DM and dyslipidemia [41]. Other studies found similar
results in patients who underwent RYGB and SG after a 17-month follow-up [42]. Although the
comorbidities decrease after BS, weight loss (%EWL <50% or 250%) in those patients undergoing BPD
and RYGB was not associated with a higher or lower pre-surgical presence of T2DM, hypertension
and hypercholesterolemia. However, a lower presence of T2DM and hypertension in those patients
undergoing SG was associated with a %EWL 250%. This suggests that baseline characteristics of
patients may be associated with weight loss [4].

The present study is not exempt from limitations. We only analysed a few variables that can
potentially influence the results that are measured. Additionally, although potential post-surgery
features that could be determinants of the final effects were not considered, it is a strength that all
patients followed homogeneous therapeutic recommendations after each type of BS. We also used
50% as a cut-off for the EWL, although other cut-offs could have been used. Studies for short- and
long-term weight-loss show different results. While some reviews show similar %EWL with SG and
RYGB at short and long-term [43], other reviews show better results with RYGB [44], with a greater
treatment failure after six years for SG [44]. Most of the studies demonstrated and maintained weight
loss through follow-up at five years and even for longer intervals (up to 11 years) [43]. However, a
slow weight gain between the second and third years of postsurgery follow-up is found, increasing
up to 5 years postsurgery [45]. Although, based on previous reviews, our results could be generalized
to long-term weight loss, we cannot confirm this hypothesis without data. A long-term follow-up
time would be necessary to compare the different surgical techniques and to determine the true
variables associated with weight loss after BS, because many patients recover weight, as well as the
associated comorbidities after the first years [3,4]. Another limitation that should be mentioned is that
two hospitals contributed patients and shared only one surgery. However, this is performed with the
same technical characteristics, so it would hardly affect the results obtained.

In conclusion, we show that the relevant variables associated with a %6 EWL >50% after 12 months
of follow-up after BS were the type of surgery, mainly RYGB, and age, which is also associated with
AIP. Our study confirms that BS, and mainly RYGB, is an effective procedure to metabolically the
patients with morbid obesity, even in those non-responders. SG seems to be the one that showed a
lower metabolic improvement, mainly in the non-responders group. More extensive knowledge
would serve to predict the response to surgery.
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