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Resumo

Introducdo: O bypass gastrico Roux-en-Y (RYGB) é um tipo de cirurgia bariatrica com elevada taxa
de perda ponderal e melhoria das comorbilidades associadas, como a diabetes tipo 2 (T2D). O RYGB
metabdlico com uma ansa biliopancreatica (BPL) de 200cm, demonstrou apresentar melhores
resultados clinicos quando comparado com a técnica cldssica, com ansa BPL de 100cm. Estudos
anteriores indicaram que, os individuos com alteragdes no perfil glicémico, tém uma menor

probabilidade de atingir o seu peso ideal apds cirurgia bariatrica.

Obijetivo: Avaliar se o perfil glicémico pré-operatorio influencia a perda ponderal obtida apds o

RYGB classico e metabdlico.

Métodos: Foram incluidos, neste estudo, individuos submetidos a RYGB com pelo menos dois anos
de seguimento. Foram recolhidos dados clinicos e antropométricos nos periodos pré- e poés-
operatorios (3, 6, 12, 18 e 24 meses). Os individuos foram classificados como euglicémicos (EUG),
na auséncia de altera¢des na homeostase glicémica, ou disglicémicos (DYSG), incluindo doentes
pré-diabéticos (PT2D) e T2D. As variaveis, peso perdido, indice de massa corporal (IMC) perdido,
percentagem de perda de peso total (%TWL) e percentagem de IMC em excesso perdido (%EIMCP),

foram calculadas.

Resultados: Na nossa coorte (n=183), 129 individuos foram submetidos ao RYGB classico e 54 ao
RYGB metabdlico. Entre estes doentes, 85 eram EUG e 98 eram DYSG (51 com PT2D e 47 com T2D),
25 dos quais tinham sindrome metabdlica. Os doentes com PT2D submetidos a RYGB metabdlico
apresentaram uma %EIMCP significativamente maior aos 12 e 18 meses, quando comparados com
o grupo EUG. Individuos com uma duracao de T2D superior, submetidos ao RYGB classico,
apresentaram uma %EIMCP maior apds os 6 meses (p<0.05). Contrariamente, observou-se uma
correlagao negativa entre a duragao da T2D e %TWL, aos 12 e 24 meses, no grupo RYGB metabdlico
(p<0.05). Os individuos mais velhos apresentaram uma menor perda ponderal e de BMI, aos 6, 12,
18 e 24 meses, no grupo RYGB metabdlico (p<0.05). Adicionalmente, observou-se uma correlacdo

negativa (p<0.05) entre a idade e %TWL aos 24 meses, no grupo RYGB classico.

Conclusdo: A disglicemia ndo teve um impacto negativo na perda de peso até 24 meses apos
nenhuma das técnicas RYGB, uma vez que ndo houve diferengas significativas nos resultados da
perda de peso entre pacientes com estados glicémicos diferentes. Além disso, a %EIMCP apds o
RYGB metabdlico foi significativamente mais elevada nos pacientes mais jovens e naqueles com

PT2D, em comparagao com individuos euglicémicos ou com T2D.

Palavras-chave: Obesidade, Cirurgia Bariatrica, Bypass Gastrico, Disglicemia, Perda de peso



Abstract

Introduction: Roux-en-Y gastric bypass (RYGB) is a bariatric surgery procedure that results in high
rates of short- and medium-term weight loss and improvement of obesity-associated
comorbidities, such as Type 2 diabetes (T2D). Metabolic RYGB, defined by a biliopancreatic limb
(BPL) of 200 cm, was described to result in better clinical outcomes when compared to the classical
technique, with a BPL of 100 cm. Previous studies postulated that individuals with altered glycaemic

profiles are less likely to reach an ideal weight after RYGB.

Aim: To assess if the pre-operative glycaemic profiles influence the weight loss after classical and

metabolic RYGB.

Methods: Patients previously submitted to RYGB with at least two years of follow-up were included
in this study. Pre-operative and post-operative (3, 6, 12, 18 and 24 months) clinical and
anthropometric data were collected. Patients were classified as euglycaemic (EUG), if no alterations
in the glycaemic homeostasis were present, or dysglycaemic (DYSG), in the presence of abnormal
glucose homeostasis, which includes patients with pre-diabetes (PT2D) and T2D. Considering the
anthropometric data collected, weight loss, body mass index (BMI) loss, percentage of total weight

loss (%TWL) and percentage of excess BMI loss (%EBMIL) were calculated.

Results: From our cohort (n= 183), subjects were submitted to classical (n=129) or metabolic RYGB
(n=54). Among patients, 85 were EUG and 98 were DYSG, 51 with PT2D and 47 with T2D, 25 of
whom had metabolic syndrome. Patients with PT2D submitted to metabolic RYGB presented a
significantly higher %EBMIL at 12 and 18 months when compared with EUG group. Patients with
longer T2D duration, submitted to classical RYGB had a higher %EBMIL at 6, 12, 18 and 24 months
(p<0.05). Contrarily, there was a negative correlation between T2D duration and %TWL at 12 and
24 months in the metabolic RYGB group (p<0.05). Older patients presented less weight and BMI
loss at 6, 12, 18 and 24 months, in the metabolic RYGB group (p<0.05). Similarly, a negative
correlation (p<0.05) between age and %TWL at 24 months was observed in the classical RYGB

group.

Conclusion: Dysglycaemia did not have a negative impact on weight loss up to 24 months after
neither RYGB technique, as there were no significant differences in weight loss outcomes between
patients with different glycaemic status. Moreover, the %EBMIL after metabolic RYGB was
significantly higher in younger patients and those with PT2D as compared to individuals with

euglycemia or T2D.

Keywords: Obesity, Bariatric Surgery, Gastric Bypass, Dysglycaemia, Weight Loss
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CHEDV
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Introduction

Obesity is a complex multifactorial disease resulting from the interaction between environmental,
social, behavioural and genetic factors, which prevalence has been increasing exponentially in
recent decades, constituting a public health problem®?. Overweight and obesity are major risk
factors for several comorbidities, affecting the individuals’ quality of life and possibly leading to a
reduction in average life expectancy, namely through the development of cardiovascular disease*.
Among the comorbidities reported as being associated to obesity, those included in the metabolic
syndrome stand out, namely arterial hypertension, dyslipidemia and type 2 diabetes (T2D) °.
Weight loss is the cornerstone for improving obesity-related comorbidities, and consequently
reducing morbimortality, especially when it comes to cardiovascular disease®®”.

Therefore, treatment may involve two distinct approaches: conservative therapy, which includes
lifestyle modifications and pharmacological therapy, and bariatric surgery®. Regarding conservative
therapy, in most cases the weight loss obtained is not significant and sustained, and the weight lost
is usually recovered in the medium to long term, without being associated with remission of the
metabolic syndrome®. On the other hand, bariatric surgery represents the most effective treatment
for severe obesity in terms of significant and sustained weight loss, with improvement of related
comorbidities, and quality of life, as well as reduced mortality®®°. In regards to comorbidities,
dysglycaemia is worth highlighting, which clinical remission may be obtained in a short post-
operative period, being this effect attributed to the anatomical rearrangement of the
gastrointestinal tract induced by surgery and consequent changes in gastrointestinal
hormones®+12,

In fact, the Roux-en-Y gastric bypass (RYGB) is one of the most frequently performed bariatric
techniques due to its efficacy. It consists on the reduction of the gastric volume, with the exclusion
of the duodenum and proximal jejunum, and in the creation of three new intestinal limbs: the
alimentary limb, the biliopancreatic limb (BPL) and the common limb%*3, RYGB has a high rate of
short- and medium-term successful weight loss and obesity-associated comorbidity improvement.
However, as for long-term follow-up, the results are not as satisfactory. A study of our research
group found that 10 years after surgery, 20.5% of the patients that had short- and medium term
T2D remission, experienced T2D relapse’®.

In order to improve the surgical outcome in individuals with dysglycaemia, a modified RYGB was
introduced, which is defined by the creation of a BPL of 200 cm, when compared to the classical
method, in which this same loop measures approximately 100 cm*°. The RYGB with a 200 cm BPL
(named metabolic RYGB) was demonstrated to result in a higher rate of weight loss and T2D

remission’. In fact, a distinctive hormone profile favoring improved metabolic profiles with



increased post-prandial glucagon-like peptide-1 (GLP-1) and neurotensin responses in individuals
who were submitted to the metabolic RYGB when compared to the classical technique was also
observed™.

Although bariatric surgery is effective in the majority of the patients with obesity, 10 to 20% of
individuals undergoing this surgical intervention do not reach their ideal weight, which is defined
as the weight loss of at least 50% of their excess weight*®171812° |ndeed, several studies postulate
that individuals with pre-operative dysglycaemia are less likely to reach their ideal weight, as well
as having a higher risk of gaining weight during follow-up?®2,

The aim of this research study is to assess if the pre-operative glycaemic profiles influence the post-

bariatric weight loss after classic and metabolic RYGB.



Methods

Subjects’ selection and data collection

Subjects were selected from the cohort of patients undergoing bariatric surgery at Centro
Hospitalar de Entre o Douro e Vouga (CHEDV), during the period between January 1st 2017 and
February 27th 2020. In order to compare the weight loss in euglycaemic (EUG) and dysglycaemic
(DYSG) individuals after RYGB, data pertaining to these patients was collected before surgery and
in the post-surgical period (3, 6, 12, 18 and 24 months) using the Medtrix platform. The
aforementioned data will refer to nearest hospital visit to date of the surgery and scheduled post-
surgical follow-up visits. The study protocol including access to the patient register for data analysis
were approved by the CHEDV Ethical Review and Executive Boards (N2: CA-0033/2022-0t_MP/ CC).
Pre-surgical data, included anthropometric parameters height, weight and body mass index (BMI),
previous bariatric surgery, blood pressure, and presence, duration and ongoing medication of
comorbidities, including T2D, arterial hypertension, dyslipidemia or other. In addition, routine
blood biochemical parameters were included, these being glucose, glycated hemoglobin
(percentage and mmol/mol), total cholesterol, HDL, LDL and triglycerides.

As for the subsequent visits, anthropometric data (weight and BMI), blood pressure, status of
previously existing comorbidities and ongoing medication was retrieved, as well as the biochemical
study consisting of the same parameters mentioned above.

In the process of collecting the data, all patients whose surgical procedure was not the RYGB, who
had previously undergone bariatric surgery and female individuals who became pregnant during
the 24 months of follow-up were excluded. The considered data referred to patients either
submitted to the classical RYGB, characterized by the creation of a BPL of approximately 100 cm, or
the metabolic RYGB, defined by the creation of a BPL of 200 cm™.

Thereafter, patients were classified as: EUG, in the absence of alterations of glucose homeostasis,
presenting a fasting glycaemia (FPG) under 100 mg/dL or a glycated hemoglobin (HbAlc) under
5.7%, without the concomitant use of any glucose lowering drug; or DYSG, in the presence of an
abnormal glucose homeostasis, including patients with pre-diabetes (PT2D) (FPG greater than or
equal to 100 mg/dL and less than 126 mg/dL or a HbAlc greater than or equal to 5.7% and less than
6.5%) and with T2D (FPG greater than or equal to 126 mg/dL or a HbAlc greater than or equal to
6.5%)°.

A patient was considered as being in T2D remission whenever HbAlc was under 6.5% during an
extended period of time, without the need for pharmacological therapy®.

Regarding the anthropometric data, the weight loss at each follow-up visit (3, 6, 12, 18 and 24

months) was obtained for each patient, to calculate BMI loss, percentage of total weight loss



(%TWL) and percentage of excess body mass index loss (%EBMIL). In order to obtain the %TWL, a
formula was applied which corresponds to the percentage obtained by dividing the difference
between the initial weight and weight at the defined visit and the initial weight, and the %EBMIL,
which is equivalent to the percentage obtained by dividing the difference between the initial BMI

and BMI at the defined visit and the difference between the initial BMI and 252223,

Statistical analysis

The statistical analysis of the data was performed using the Microsoft Office Excel and the GraphPad
Prism software version 8.01.

In this analysis, the anthropometric data evaluated at the different visits of the follow-up were
compared as regards the classic and metabolic RYGB, being the normality of the sample assessed
using the D'Agostino & Pearson test. In the presence of variables with Gaussian distribution, a
parametric test was implemented, namely the Unpaired T test, while in variables without Gaussian
distribution, a non-parametric test was applied, this being the Mann-Whitney test.

The comparison of anthropometric data in each of the surgical groups was made between EUG,
PT2D and T2D individuals, as well as EUG and DYSG individuals, and individuals without metabolic
syndrome and with metabolic syndrome, using the Two-way ANOVA test. Using this tool, we also
compared the anthropometric data of EUG, PT2D and T2D individuals, as well as EUG and DYSG
individuals, and individuals without metabolic syndrome and with metabolic syndrome regarding
the type of surgical technique implemented. In the analysis of the remission of T2D in individuals
with T2D prior to the surgical procedure, Fisher's exact test and Chi-square test were performed.
Correlations between age and T2D duration, and the post-operative weight and BMI loss were
performed using the Pearson or Spearman correlation tests, depending on the normality of the
variables.

Throughout the statistical analysis, a p-value < 0.05 was considered statistically significant.



Results

Our cohort includes 183 individuals, of which 143 are female (75%) and 40 are male (21%), aged
between 22 and 63 years, corresponding to an average age of 44.1 + 0.7 years. As to the
anthropometric data, weights ranged between 76 and 170 Kg, with an average of 107.96 + 1.2 Kg,
resulting in a BMI between 32 and 60.4 Kg/m?, with an average of 40.24 + 0,3 Kg/m?. Concerning
the division of these patients by the surgical procedure, 129 individuals were submitted to classic
RYGB and 54 individuals to metabolic RYGB. Respecting the classification of patients according to
glycaemic status, 85 patients were EUG and 98 were DYSG, 51 of whom had PT2D and 47 T2D, 25
of the latter group with metabolic syndrome. Preoperative BMI was similar between the surgical
groups. Thus, we obtained 4 groups: EUG individuals submitted to classical RYGB (n=73), DYSG
individuals submitted to classical RYGB (n=56), including PT2D (n=42) and T2D (n=14), EUG
individuals submitted to metabolic RYGB (n=12) and DSG individuals submitted to metabolic RYGB
(n=42), including PT2D (n=9) and T2D (n=33) (Table I).

The statistical analysis of anthropometric data (weight loss, BMI loss, %TWL and %EBMIL),
comparing the two surgical approaches, in EUG/PT2D/T2D, EUG/DYSG, and With metabolic
syndrome/ Without metabolic syndrome groups, showed that there were no significant differences
between groups. The curves obtained for each of the anthropometric parameters are practically
overlapping (Figures 1, 2 and 3).

As for the anthropometric data related to each surgical technique, comparing the EUG/PT2D/T2D,
EUG/DYSG, and With metabolic syndrome/Without metabolic syndrome groups, there were no
significant differences and the curves obtained are practically overlapping, except for the %EBMIL
obtained after metabolic RYGB (Figure 4, Figure 5 and Figure 6). Patients with PT2D submitted to
metabolic RYGB presented a significantly higher %EBMIL at 12 and 18 months when compared to
EUG subjects (110.6+5.41 vs. 89.89+5.66 [p=0.046]and 111.1+5.18"vs.92.17 +5.19" [p=0.048])
(Figure 4H). At 3 months after surgery, patients with T2D submitted to metabolic RYGB had a
significantly higher %EBMIL when compared with EUG subjects (61.79 + 3.42" vs. 45.20 + 3.67°
[p=0.014]), being that the differences between groups were no longer significant at later time
points (Figure 4H).

Patients with longer T2D duration, submitted to the classical RYGB procedure presented greater
%EBMIL at 6, 12, 18 and 24 months (p<0.05). Contrarily, a negative and significant correlation was
detected between the T2D duration and the %TWL at 12 and 24 months in the metabolic RYGB
group (p<0.05) (Table I1).



In addition, older patients presented less weight and BMI loss at 6, 12, 18 and 24 months, in the
metabolic RYGB group (p<0.05). Similarly, a negative correlation (p<0.05) between age and %TWL
at 24 months was observed in the classical RYGB group (Table I1).

T2D remission rate was not significantly different between the surgical variants, at all timepoints

evaluated (Table IV).



Discussion

RYGB is associated with a significant and sustained weight loss and improvement of obesity-related
comorbidities, achieved by the combination of a restrictive procedure and malabsorption, as well
as the change in hormonal mechanisms and basal metabolic rate*?*,

The introduction of metabolic RYGB created a new paradigm in the treatment of obesity and
metabolic syndrome®. The literature indicates that the creation of a 200 cm BPL is associated with
a gut hormone profile distinct from what is observed after classical RYGB. Taking into consideration
the "Foregut" and "Hindgut" hypotheses, either isolated or acting synergistically, these differences
may be justified’®. The "Foregut" hypothesis postulates the concept that surgically induced
duodenal-jejunal exclusion from the intestinal transit prevents the release of a metabolic signal
with anti-incretin action, leading to normalization of the sensitivity to glucose-dependent
insulinotropic peptide (GIP). In contrast, the "Hindgut" hypothesis states that early arrival of poorly
digested nutrients to the distal ileum is associated with increased release of incretin and
anorexigenic hormones such as GLP-1'%, Actually, the location of cells secreting different intestinal
hormones is not homogeneous throughout the digestive tract. The density of GLP-1 and YY peptide-
secreting cells is higher at the distal level, therefore the metabolic RYGB with a longer BPL limb,
results in an earlier stimulation of these cells, whereas the classical RYGB procedure results in early
nutrient arrival to the proximal small intestine, where GIP-secreting cells predominate %15,

Our current study showed that both classical and metabolic RYGB are associated with a weight loss,
BMI loss, %TWL and %EBMIL that do not diverge significantly between patient groups EUG, PT2D
and T2D, as well as when aggregated as EUG and DYSG, which indicates that in this study the surgical
outcomes were not dependent on the surgical technique implemented. However, a previous
analysis carried out by our research group enrolling a larger group of patients and over a 60-month
period showed that the BMI was significantly lower at 36 and 48 months of follow-up in the group
of individuals who underwent metabolic RYGB, and the %TWL and %EBMIL were significantly higher
in this same group as of 24 months and 12 months, respectively'. It should be noted that the
present study did not assess patients after 24 months, and it may be after this period that the
differences described become evident, as previously documented®®.

The existence of obesity comorbidities may also affect surgical outcomes, in the sense that in the
absence of comorbidities or presence of mild comorbidities, patients tend to have better
outcomes?!. Notwithstanding, in this analysis, the coexistence of T2D, hypertension and
dyslipidemia (metabolic syndrome), did not significantly affect the surgical outcomes, either when
the subjects underwent classical or metabolic RYGB2!. As regards the postoperative results of each

surgical technique, whichever the individual's glycaemic status, one technique does not seem to



upstage the other. Nevertheless, the existence of a small group of patients with diabetes who
underwent classical RYGB should be considered. This disparity is due to the change in the standard
operating procedures implemented at CHEDV, since the metabolic RYGB is the recommended
procedure for patients with T2D. It should be noted that regarding the %EBMIL in metabolic RYGB,
the PT2D group stands out significantly from the EUG group at 12 and 18 months, with no significant
differences in relation to the classical RYGB or when comparing the two surgical techniques in each
of the glycaemic status.

Bearing in mind that the follow-up corresponds to 24 months, some of these individuals presented
environmental and social conditions different from normality in the first 2 years after surgery, given
the impact of the Covid-19 pandemic and consequent confinement in the eating and activity level
of individuals, which may have conditioned the surgical results *%°. Therefore, and considering the
importance of the individuals' lifestyle for weight loss, it would be important to further study this
topic in future evaluations.

When taking into account the impact of T2D duration on anthropometric data obtained after
performing classical RYGB and metabolic RYGB, we concluded that T2D duration did not influence
the results obtained, with the exception of the %EBMIL. In fact, regarding the trend towards greater
%EBMIL in individuals with longer lasting T2D at 6, 12, 18 and 24 months in the classical RYGB group,
its assessment should take into account that only 14 of 129 patients who underwent classical RYGB
had T2D, this numerical disproportion is likely to have influenced these results.

Regarding confounding factors, the absence of significant differences in BMI of individuals
belonging to the group of patients undergoing classical and metabolic RYGB excludes the influence
of this factor on surgical outcomes, corroborating results obtained in previous studies?*. In fact,
literature indicates that this may be one of the determining factors for the variety of
anthropometric results obtained. It has been postulated that individuals with higher preoperative
BMI are less likely to achieve normal weight and a BMI>50 Kg/m? is defined as a risk factor for
surgical failure!®?,

Another important factor to be highlighted is age. It has been described that in general, younger
individuals present better surgical results as far as weight loss is concerned, as older individuals are
more likely to have more comorbidities, limitations in adapting eating habits and physical activity
levels, besides possessing a clear reduction in basal energy expenditure and lipolytic activity'®2!. In
the present study, the evaluation of weight loss and BMI loss revealed a significant increase in
weight loss and consequently BMI as from 6 months of follow-up only in metabolic RYGB in younger
individuals. Critically, the sample size could be questioned, and research could be progressed by
increasing the number of patients under study. Furthermore, two strands could be explored, these

being the individual’s lifestyle habits and the hormonal profile of the different age groups.
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Regarding the latter, it should be noted that the inhibition of the body's response to intestinal
hormones, namely peptide YY and GLP-1, is associated to worse surgical results, since the increased
secretion of these hormones, which are generally reduced in individuals with altered glycaemic
status, is associated to an absence of appetite reduction and consequent increase in food
consumption, which may culminate in hindered weight loss or weight regain 2.

With respect to all patients with T2D (n=47), 72.3% had remission of T2D at 3 months, 83% at 6
months, 89.3% at 12 months, 91.5% at 18 months and 87.2% at 24 months (2 patients in remission
were lost to follow-up). Comparing the surgical techniques, there were no significant differences,
but it is noteworthy that at 18 months, all T2D individuals who underwent classical RYGB showed
remission of T2D. Previous studies showed that individuals with T2D who underwent metabolic
RYGB had a significantly higher T2D remission rate as of 36 months®. It should be noted that the
follow up in the present study is shorter and the group of T2D individuals who underwent classical

RYGB is smaller compared to the other technique.



Conclusion

Dysglycaemia did not have a negative impact on weight loss up to 24 months after neither RYGB
technique, as there were no significant differences in weight loss outcomes between patients with
different glycaemic status. Moreover, patients with PT2D achieved a greater %EBMIL after
metabolic RYGB as compared to individuals with euglycemia or T2D. In contrast, age was a

preponderant factor for weight loss after metabolic RYGB that favoured younger individuals.
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Figure 1. Weight loss, Body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess
BMI loss (%EBMIL) in euglycaemic (EUG), Pre-Type 2 Diabetes (PT2D) and Type 2 Diabetes (T2D)
patients, achieved after both Roux-en-Y Gastric Bypass (RYGB) techniques (* p<0.05: Classic RYGB
vs. Metabolic RYGB, Two-way ANOVA test).

11



o Classic RYGB =

Metabolic RYGB
E

%EBMIL EUG

o (Classic RYGB =

Weight loss EUG Weight loss DYSG
60+ 60
G C)
4 1 x "
5 404 : 3 £ 7 40- +  ——
0 [ | | @ :
=] £/ 2 I I
= g = /| -
520 / S 20- i
@ fd
= =S
e o S e N B o771 T T
0 3 6 12 18 24 0 3 6 12 18 24
Time (Months) Time (Months)
+ ClassicRYGB = Metabolic RYGB + Classic RYGB - Metabolic RYGB
A B
BMI loss EUG BMI loss DYSG
25+ 204
N 20 &
£ 15 -
= bl _g ——
X 159 - < . N
0 .l , @ 10+ /1
T/ ] 0
Euwy 4 g f
= it s .| /
m 54 / 2 °
0——— T T T T 0 =7 T T T
0 3 8 12 18 24 0 3 6 12 18 24
Time (Months) Time (Months)
+ (Classic RYGB = Metabolic RYGB # Classic RYGB = Metabolic RYGB
Cc D
%TWL EUG %TWL DYSG
50 504
40 [ 404
T s—1A8—p —= |
= 30 ' I < 30+ w '
E ; 7 E ,/'/
® 204 ¥ ®2 204 f
104 10 ‘
0O——p—T—T7 T ——T—TT T
0 3 6 12 18 24 0 3 6 12 18 24
Time (Months) Time (Months)

Metabolic RYGB
F

%EBMIL DYSG

150
150+
| 1 100+ P a——
o 100 . : p g = _ ¥ |
= [ 1 1]
m o w ¥
¥ ‘ ® 50-
* s i
o Ot
0 3 6 12 18 24 0 3 6 12 18 24
Time (Months) Time (Months)
# Classic RYGB # Metabolic RYGB ¢ Classic RYGB -#- Metabolic RYGB
G H

Figure 2. Weight loss, Body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess
BMI loss (%EBMIL) in euglycaemic (EUG) and dysglycaemic (DYSG) patients, achieved after both
Roux-en-Y Gastric Bypass (RYGB) techniques (* p<0.05: Classic RYGB vs. Metabolic RYGB, Two-way
ANOVA test).
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Figure 3. Weight loss, Body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess
BMI loss (%EBMIL) in patients with and without metabolic syndrome, achieved after both Roux-en-

Y Gastric Bypass (RYGB) techniques (* p<0.05: Classic RYGB vs. Metabolic RYGB, Two-way ANOVA
test).
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Figure 4. Weight loss, Body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess
BMI loss (%EBMIL) achieved after both Roux-en-Y Gastric Bypass (RYGB) techniques for euglycaemic

(EUG), Pre-Type 2 Diabetes (PT2D) and Type 2 Diabetes (T2D) patients. (* p<0.05: EUG vs PT2D and
T2D, Two-way ANOVA test).
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Figure 5. Weight loss, Body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess
BMI loss (%EBMIIL) achieved after both Roux-en-Y Gastric Bypass (RYGB) techniques for euglycaemic

(EUG) and dysglycaemic (DYSG) patients (* p<0.05: EUG vs DYSG, Two-way ANOVA test).
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Figure 6. Weight loss, Body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess
BMI loss (%EBMIL) achieved after both Roux-en-Y Gastric Bypass (RYGB) techniques for patients
with and without metabolic syndrome. (* p<0.05: With metabolic syndrome vs Without metabolic
syndrome, Two-way ANOVA test).
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Table I- Demographic, anthropometric, and clinical features of the individuals subjected to classical
Roux-en-Y Gastric Bypass (RYGB) and metabolic RYGB.

Classical RYGB

Metabolic RYGB

Gender (F/M) 101/28 42/12
Age (mean + SEM years) 4231081 48.6+1.12
Weight (mean + SEM Kg) 108.9 + 1.47 105.7 +2.16
BMI (mean + SEM Kg/m?) 40.4 +0.35 39.9+0.49
EUG, n (%) 73 (57%) 12 (22%)
PT2D, n (%) 42 (33%) 9 (17%)
T2D, n (%) 14 (11%) 33 (61%)
Hypertension, n (%) 36 (28%) 39 (72%)
Dyslipidemia, n (%) 46 (36%) 39 (72%)
Metabolic syndrome, n (%) 6 (5%) 19 (35%)

SEM: Standard error of the mean; BMI: Body mass index, EUG: Euglycaemia; PT2D: Pre-Type 2 Diabetes; T2D: Type 2 Diabetes

Table ll- Correlations between the Type 2 Diabetes (T2D) duration and the post-operatory weight
loss, body mass index (BMI) loss, % of total weight loss (%TWL) and % of excess BMI loss (%EBMIL)
achieved after both Roux-en-Y Gastric Bypass (RYGB) techniques.

Classical RYGB Metabolic RYGB

Checipioink p value r p value r
3 months 0.2656 -0.3897 0.0843 0.3764
Weight 6 months 0.2448 -0.3831 0.4693 0.1551
loss 12 months 0.4266 -0.2674 0.1736 0.2466
(Kg) 18 months 0.2082 -0.4357 0.1801 0.2659
24 months 0.2052 -0.3762 0.5606 0.1149
3 months 0.1288 -0.5170 0.0843 0.3763
6 months 0.0926 -0.5359 0.2785 0.2305

BMI loss

(Ke/m?) 12 months 0.4480 -0.2541 0.5835 0.1007
18 months 0.1983 -0.4451 0.4995 0.1358
24 months 0.2141 -0.3681 0.7541 -0.0620
3 months 0.6839 -0.1477 0.3970 -0.1900
6 months 0.3517 -0.3095 0.1346 -0.3144
%TWL 12 months 0.7207 0.1204 0.0462 -0.3549
18 months >0.9999 0 0.1929 -0.2585
24 months 0.8153 -0.0721 0.0143 -0.4578
3 months 0.1284 0.5141 0.8759 0.0354
6 months 0.0025 0.8100 0.6599 -0.0947
%EBMIL 12 months 0.0003 0.8852 0.3261 -0.1793
18 months 0.0432 0.6469 0.9100 -0.0228
24 months 0.0234 0.6214 0.2505 -0.2246
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Table lll- Correlations between the patient’s age and the post-operatory weight loss, body mass
index (BMI) loss, % of total weight loss (%TWL) and % of excess BMI loss (%EBMIL) achieved after
both Roux-en-Y Gastric Bypass (RYGB) techniques.

Table V- Type 2
techniques.

Classical RYGB Metabolic RYGB

Eeabpeit p value r p value r
3 months 0.3731 0.1003 0.2538 -0.2150
Weight 6 months 0.1394 -0.1425 0.0378 -0.3297
loss 12 months 0.1385 -0.1428 0.0058 -0.3926
(Kg) 18 months 0.0922 -0.1702 0.0462 -0.2955
24 months 0.1829 -0.1256 0.0157 -0.3469
3 months 0.0404 0.2283 0.0686 -0.3369
6 months 0.7116 -0.0358 0.0124 -0.3918
BMIoss | = ) months | 08002 | -0.0245 | 00013 | -0.4502
(kg/m’) 18 months 0.3463 -0.0957 0.0479 -0.2933
24 months 0.5766 -0.0528 0.0049 -0.3993
3 months 0.7982 0.0289 0.4416 -0.1459
6 months 0.6020 -0.0505 0.9834 -0.0034
%TWL 12 months 0.5028 -0.0649 0.2433 -0.1717
18 months 0.1467 -0.1469 0.6701 -0.0645
24 months 0.0294 -0.2041 0.6998 -0.0571
3 months 0.8037 0.0281 0.7283 -0.0662
6 months 0.6382 -0.0456 0.7434 0.0534
%EBMIL 12 months 0.9684 0.0038 0.7894 -0.0396
18 months 0.5865 -0.0553 0.6237 -0.0743
24 months 0.2544 -0.1076 0.7099 0.0551

Diabetes (T2D) remission rates

after each Roux-en-Y Gastric Bypass (RYGB)

Classical RYGB Metabolic RYGB p value
Without remission 4 (28.6%) 8 (25%)
3 th 0.9999
montns With remission 10 (71.4%) 24 (75%) g
Without remission 1(7.1%) 5(16.1%)
6 months ) . 0.6485
With remission 13 (92.9%) 26 (83.9%)
Without remission 1(7.1%) 4(12.1%)
12 months i L >0.9999
With remission 13 (92.9%) 29 (87.9%)
Without remission 0 (0%) 4(12.1%)
18 months i . 0.3024
With remission 14 (100%) 29 (87.9%)
Without remission 0 (0%) 3 (10%)
24 months i ) 0.5402
With remission 14 (100%) 27 (90%)
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