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 Abstract  29 

Background/ Objective: Biliopancreatic diversion with duodenal switch (BPD-DS) are the most 30 

effective bariatric interventions to treat morbid obesity and related disorders. Single-anastomosis 31 

duodeno-ileal bypass with sleeve gastrectomy (SADI-S) is a new bariatric procedure devised with the 32 

purpose of simplifying the complexity of the BPD-DS technique while maintaining its efficacy. 33 

However, whether BPD-DS and SADI-S result in similar fasting and post-prandial hormone profiles 34 

has not yet been studied. Therefore, the purpose of this study was to assess and compare the hormone 35 

response to a standardized mixed meal in subjects operated with BPD-DS or SADI-S. 36 

Subjects/ Methods: Subjects submitted to BPD-DS (n=9) or SADI-S (n=9) 1.5 years earlier on 37 

average, with no past nor current diabetes diagnosis underwent a liquid mixed-meal tolerance test 38 

(MMTT) to assess the baseline and post-prandial profile of glucose, enteropancreatic hormones and 39 

total bile acids. 40 

Results: Fasting glucose, enteropancreatic hormones and total bile acids levels after BPD-DS and 41 

SADI-S were similar. After the MMTT, the response of subjects who underwent SADI-S was 42 

characterized by higher glucose (t = 30 min: p<0.05; iAUC: 156.1 ± 46.2 vs 103.4 ± 35.8 mmol/L x 43 

min, p=0.02), GLP-1(t = 30 min: p<0.05; iAUC: 5388 ± 3010 vs 2959.0 ± 2146 pmol/L x min, 44 

p=0.02), glucagon (t = 30 min: p<0.05; iAUC: 678.7 ± 295.2 vs 376.9 ± 215.7 pmol/L x min, p=0.02), 45 

insulin (t = 30 and 45 min: p<0.05); and C-peptide levels (t = 30 and 45 min: p<0.05), when compared 46 

to BPD-DS. 47 

Conclusions: The post-prandial hormone secretion profile after SADI-S is characterized by increased 48 

GLP-1, glucagon and insulin secretion, when compared to BPD-DS, which suggests the existence of 49 

different endocrine driven mechanisms leading to weight loss and metabolic improvement after the 50 

two procedures.  51 

 52 

 53 

 54 

 55 
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 56 

Introduction 57 

Biliopancreatic diversion (BPD) and biliopancreatic diversion with duodenal switch (BPD-DS) are the 58 

most effective bariatric interventions for the treatment of morbid obesity and related metabolic 59 

disorders (1-3). Still, BPD and BPD-DS are technically demanding procedures, associated with long 60 

operative times and high rates of postoperative complications and malnutrition (2). The single-61 

anastomosis duodeno-ileal bypass with sleeve gastrectomy (SADI-S) technique was introduced in 62 

2007 by Sánchez-Pernaute and Antonio Torres in order to simplify the BPD-DS surgical technique by 63 

performing a “one-anastomosis” BPD-DS, while retaining the principles and the outcomes of BPD-DS 64 

(4).   65 

The technical feasibility of the SADI-S procedure, the post-operative weight loss, the impact in 66 

nutritional status and resolution of obesity comorbidities were the focus of several studies over the last 67 

decade. Non randomized patient series with a relatively small number of individuals that underwent 68 

BPD-DS or SADI-S for a period of time spanning up to 2 years showed that the two procedures 69 

resulted in similar rates of weight loss, diabetes remission and overall metabolic improvement, without 70 

increased incidence of nutritional deficiencies (5-7). In addition, diabetes remission rates for the first 3 71 

years after surgery were higher after SADI-S when compared with the Roux-en-Y gastric bypass 72 

(RYGB) (5, 8). Besides achieving similar outcomes when compared with BPD-DS, SADI-S requires a 73 

shorter operative time and is associated with fewer perioperative and postoperative complications (6, 74 

7, 9). 75 

However, whether BPD-DS and SADI-S result in similar fasting and post-prandial hormone profiles 76 

has not yet been studied. Therefore, the purpose of this study was to assess and compare the hormone 77 

response to a standardized mixed meal in subjects operated with BPD-DS or SADI-S. 78 

 79 

  80 
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Materials and Methods 81 

Participants 82 

The study was approved by the Institutional Ethical Review Board and written informed consents 83 

were obtained from all participants before any intervention was initiated.  84 

From the cohort of patients submitted to BPD-DS (n=23) and SADI-S (n=19) at our centre, subjects 85 

meeting the enrolment criteria were consecutively invited to participate in the study.  86 

Patient groups were paired according to age, pre-operative body mass index (BMI) and follow-up time 87 

after surgery (1.6 ± 0.3 years for BPD-DS and 1.5 ± 0.3 years for SADI-S). Exclusion criteria included 88 

medical history of diabetes prior or after surgery (Hb1Ac > 6.5 % and fasting plasma glucose >7.0 89 

mmol/L) and pregnancy. 90 

 91 

Study design 92 

Subjects (n=9/group) underwent a mixed-meal tolerance test (MMTT), in which a standardized 93 

commercially available liquid meal (Fresubin Energy Drink, 200 mL, 300 kcal [50E% carbohydrate, 94 

15E% protein and 35E% fat]; Fresenius Kabi Deutschland, Bad Homburg, Germany) was ingested 95 

over a maximum period of 15 minutes after a 12 hour overnight fast. Venous blood samples were 96 

collected into EDTA tubes (S-Monovette® 7.5 ml, K2 EDTA Gel, 1.6 mg/mL, Sarstedt), before the 97 

meal (-15 and 0 min) and at 15, 30, 60, 90 and 120 minutes after the start of meal intake. Venous 98 

sampling was performed through an indwelling antebrachial vein cannula with saline flushing of the 99 

catheter in between each blood collection. The plasma was then separated and stored at -20ºC until 100 

assayed. 101 

 102 

Surgical procedures 103 

All surgeries were performed laparoscopically by the same surgical team at a single public and 104 

academic bariatric center. The BPD-DS was performed with a common limb of 100cm and an 105 

alimentary limb of 200cm, while the SADI-S was performed with a 300cm common channel (Figure 106 

1). Small intestine limbs were measured by counting 10 cm intervals after stretching the anti-107 

mesenteric border. 108 
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For the BPD-DS, a sleeve gastrectomy was performed over a 36 French Boogie, starting 2 cm 109 

proximal to the pylorus. After right gastric artery ligation a duodenal division was made 3 cm distally 110 

to the pylorus. Afterwards, the small intestine was marked with sutures set at 100 cm and 300 cm of 111 

the ileocecal valve, respectively. Then, the small intestinal loop carrying the 300 cm mark was moved 112 

cranially to complete an end-to-side hand-made duodenal-ileal anastomosis in ante-colic position, 113 

while at 100 cm mark a side-to-side anastomosis was made between the biliopancreatic and alimentary 114 

limb, thus creating a 100 cm common channel. To conclude, the small intestine was divided between 115 

the two anastomoses to restore the intestinal transit in a Roux-en-Y fashion. 116 

For the SADI-S procedure, a sleeve gastrectomy procedure was performed as previously described for 117 

BPD-DS that was followed by an unique end-to-side hand-made duodenal-ileal anastomosis at 300 cm 118 

from the ileocecal valve. Methylene blue was used for testing the anastomosis and mesenteric defects 119 

were closed as standard procedures in both surgical techniques.  120 

After surgery, patients are assessed by the multidisciplinary clinical team and underwent routine 121 

biochemical measurements for metabolic and nutritional parameters every 3 months for the first year 122 

after surgery, every 6 months on the second year after surgery and yearly thereafter. 123 

The mortality rate in our patient cohort was 0% for both surgeries. The rate of major complications in 124 

the first 90 days after surgery was 0% in patients submitted to BPD-DS and 15.8% (3/19) in the 125 

overall patient cohort submitted to SADI-S [N=19; duodenal fistula (n=1), hemoperitoneum (n=1) and 126 

gastric tube fistula (n=1)]. 127 

 128 

Biochemical measurements 129 

Blood glucose levels were measured during the blood sample collection using a glucometer (Freestyle 130 

Precision Neo Glucose meter, Abbott, USA).  131 

For analysis of glucose-dependent insulinotropic polypeptide (GIP), glucagon like peptide-1 (GLP-1), 132 

glucagon, peptide YY (PYY) and neurotensin (NT) plasma samples were extracted using 70% ethanol 133 

prior to analysis. Total GLP-1, total GIP and pancreatic glucagon levels were measured by 134 

radioimmunoassay (RIA) specifically targeting the C-terminal of GLP-1 (antiserum 89390) or GIP 135 

(antiserum 867) or glucagon (antiserum 4305), as described before (10-13). RIA for total PYY was 136 
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performed using a monoclonal antibody MAB8500 (Abnova, clone RPY-B12), which reacts equally 137 

with PY1-36 and PYY3-36 (11, 14). An in-house developed assay was used to assess total NT levels 138 

(antibody code 3D97), as previously described (15, 16). The free and bound hormone moieties were 139 

separated with plasma-coated charcoal for all the described assays (E. Merck, Darmstadt, Germany). 140 

Sensitivity for all assays was between 1-5 pmol/L and the intra-assay coefficients of variation were 141 

below 10% at 20 pmol/L. To minimize inter-assay variation, all samples were run consecutively, using 142 

identical reagents and protocols 143 

Insulin and C-peptide levels were measured by an electrochemiluminescence sandwich immunoassay 144 

(ECLIA) on a Cobas 8000 e602 module (Roche Diagnostics, Mannheim, GmbH). The coefficient of 145 

variation was below 5% and 8% for insulin and C-peptide, respectively, using liquid human serum-146 

based controls (Liquichek™ Immunoassay Plus Control, Bio-Rad).  147 

The total bile acid (TBA) levels were measured using a commercial assay kit (Total Bile Acid Assay 148 

Kit, STA-631, Cell BioLabs, Inc, San Diego, CA, USA). 149 

 150 

Statistical analysis and calculations 151 

Insulin resistance was assessed using the homeostasis model assessment of insulin resistance (HOMA-152 

IR) and calculated according to the formula: [fasting glucose (mg/dL) × fasting insulin (mU/L) ÷ 405], 153 

while the pancreatic β-cell function was measured by the HOMA of β-cell function (HOMA-β), which 154 

was calculated according to the formula [(100 × 360 × Insulin (mU/L)) ÷ (Fasting glucose (mg/dL) − 155 

63)] (17). The percentage of excess BMI loss (EBMIL) was calculated as [(preoperative BMI – 156 

postoperative BMI) ÷ (preoperative BMI - 25) × 100], and the percentage of total weight loss TWL 157 

was calculated as [(preoperative weight – postoperative weight) ÷ (preoperative weight) × 100]. Total 158 

area under the curve (tAUC) was calculated using the trapezoidal rule and incremental area under the 159 

curve (iAUC) was calculated subtracting the basal values to the tAUC. Prehepatic insulin secretion 160 

rate (ISR) was calculated from C-peptide plasmatic levels, using the ISEC software (ISEC, Version 161 

3.4a, Hovorka, 1994), as described before (18). Insulin clearance was then calculated according to the 162 

formula [tAUCISR ÷ tAUCinsulin.]. 163 
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Nominal variables are expressed as number of cases and percentage (%), and the continuous variables 164 

are expressed as mean ± standard SD) unless stated otherwise. Normality was evaluated using the 165 

D’Agostinho & Pearson test. For continuous variables that passed this test, an unpaired two-tailed t-166 

test was used to compare the means of the two groups. For variables that did not pass the normality 167 

test, a Mann Whitney test was used. Comparisons between timepoints during the MMTT were 168 

performed using a two-way analysis of variance (ANOVA) with Sidak’s post hoc test. Fisher's exact 169 

test was used to compare nominal variables. Statistical analysis was performed using the GraphPad 170 

Prism version 6.01 for Windows (GraphPad Software, La Jolla California USA). A p<0.05 was 171 

considered statistically significant. 172 

  173 
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Results 174 

Demographic data 175 

There were no significant differences in the anthropometric and metabolic features between the two 176 

patient groups both at the time of the surgery (pre-operative) and at the time of the MMTT (post-177 

operative) (Table 1). Besides that, there were no differences between the two surgical groups in the 178 

rate of micronutrient and protein deficits. In addition, iron, vitamin B12 and total protein levels were 179 

within the normal limits in every patient at the time of MMTT (data not shown). 180 

 181 

Fasting state 182 

Fasting levels of glucose and enteropancreatic hormones were not significantly different between the 183 

groups (Table 2). No significant differences were also observed for fasting TBA levels.   184 

 185 

Hormone response to the mixed meal 186 

Glucose and enteropancreatic hormone response to the mixed meal differed significantly between the 187 

subjects that underwent BPD-DS and SADI-S (Figure 2 and Table 2). In particular, the iAUC of 188 

glucose, glucagon and GLP-1 were significantly higher in SADI-S group as compared to the BPD-DS 189 

(Table 2). 190 

Thirty minutes after the mixed meal intake, significantly higher levels of glucose, insulin, C-peptide, 191 

glucagon and GLP-1 were observed in the SADI-S group (Figure 2A-E). At 45 minutes of MMTT, the 192 

insulin and C-peptide levels remained significantly higher in the SADI-S group (Figure 2B and 2C).    193 

Contrarily, at 120 minutes NT decreased back to fasting levels after the post-prandial increase in the 194 

SADI-S group, while NT levels remained significantly higher and did not decrease to fasting levels in 195 

the BPD-DS group (Figure 2H).  196 

No significant differences in GIP, PYY and TBA post-prandial levels were observed between the two 197 

groups (Figure 2F, 2G and 2I). 198 

ISR was higher at 15 to 30 and 30 to 45 minutes of the MMTT in patients submitted to SADI-S when 199 

compared to the BPD-DS group (Figure 2J). Insulin clearance was similar in the two groups (Table 2). 200 

 201 



8 
 

Discussion 202 

In the present study the enteropancreatic hormone responses to a standardized liquid mixed meal in 203 

patients without prior or current diagnosis of diabetes previously submitted to BPD-DS or SADI-S 204 

were investigated. 205 

After the surgical procedures, patients that underwent SADI-S and BPD-DS achieved similar weight 206 

loss rates, as well as levels of insulin resistance and pancreatic β-cell function, as assessed by HOMA-207 

IR and HOMA-β. Previously, similar findings were reported by Torres A et al in a 3-years follow-up 208 

study of a cohort that included patients submitted to SADI-S (n=97), BPD-DS (n=77) and RYGB 209 

(n=97) (5). 210 

Our study shows that patients submitted to BPD-DS or SADI-S depict similar fasting enteropancreatic 211 

hormones and TBA profiles. 212 

By comparing the anatomic rearrangement produced by the two surgical interventions, both result in 213 

identical gastric sleeves (36 French Bougie) and intestinal “absorptive” lengths (300cm) (Figure 1). 214 

Since after BPS-DS nutrients transit pass a 200 cm alimentary limb, followed by a 100 cm common 215 

limb, while after the one anastomosis performed on the SADI-S procedure changes the original 216 

configuration of BPD-DS with three intestinal limbs (alimentary, biliopancreatic and common limb) 217 

into two limbs, the biliopancreatic and the “absorptive channel”. Thus, from an anatomical point of 218 

view the differences observed in the post-prandial hormonal response to a standardized test could be 219 

attributed to the exposure to bile acids and pancreatic juices of an additional 200cm of small intestine 220 

of the BPD-DS alimentary limb converted into “absorptive channel” in the SADI-S. As most gut 221 

hormones are known to be secreted in response to absorption and therefore it is reasonable that for 222 

responses to be higher in those patients that have higher common absorptive limbs.   223 

The post-prandial glucose excursion of subjects submitted to SADI-S was found to be higher when 224 

compared to the patients submitted to BPD-DS, the difference in the glycemic profile is likely to result 225 

from the anatomical differences induced by the two surgical procedures. The main sources of 226 

carbohydrates of the liquid meal used in the MMTT are maltodextrin (69.4% to 75.0%) and sucrose 227 

(25.0 to 30.6%).  Only a small fraction of those carbohydrates is digested in the mouth trough the 228 

salivary α-amylase, while the majority is digested by the pancreatic carbohydrases (mainly α-amylase) 229 
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and absorbed in the proximal small intestine (19). Since, the subjects that underwent SADI-S have a 230 

longer intestinal length, where the carbohydrates can contact the pancreatic juices to be digested and 231 

then absorbed, a greater post-prandial glucose excursion would be predicted to occur in those patients 232 

when compared to the subjects that underwent BPD-DS.  233 

Despite not being directly comparable with our data, post-prandial insulin levels were reported to be 234 

lower in non-operated subjects with similar BMI ranges, than those found in our patients, both 235 

submitted to SADI-S and BPD-DS, while fasting and post-prandial GLP-1 levels are higher in SADI-S 236 

and BPD-DS compared with those controls (20, 21). Findings that are in agreement with the 237 

anatomical modification induced by these surgeries, since both result in early arrival of nutrients to the 238 

distal small intestine, where GLP-1-producing cells are known to predominate (22, 23). For same 239 

reasons, higher NT and PYY levels were expected to occur after SADI-S and BPD-DS.  240 

Interestingly, the TBA response to the mixed meal was similar after both bariatric surgery procedures. 241 

Bile acids facilitate intestinal fat absorption and stimulate the secretion of gastrointestinal hormones 242 

(such as GLP-1, PYY and GIP) through activation of TGR5 receptors, located at the basolateral 243 

membranes of the enterocytes (24-27).  So, the higher post-prandial levels of GLP-1 observed in 244 

subjects that underwent SADI-S could be attributed to the bile acid interactions across a longer 245 

intestinal length (300cm in SADI-S vs 100cm in BPD-DS), leading to a greater stimulation of GLP-1 246 

producing cells. Following the same rationale, it could be expected that post-prandial GIP and PYY 247 

levels should also be higher in the SADIS-S group. Indeed, although GIP and PYY levels were 248 

numerically higher in the SADIS-S group, no significantly differences were observed when compared 249 

to the BPD-DS group.  250 

Counterintuitively, pancreatic glucagon increased after the mixed meal in the SADI-S group. Similar 251 

observations in post-bariatric patients were made in previous studies (11, 28). The explanation for this 252 

observation is not yet fully understood, although it has been suggested that post-operatively some 253 

glucagon might be derived from “pancreatic type processing” of proglucagon in the gut cells (29, 30). 254 

According to our results, the glucagon secretion could also be triggered by bile acids stimulation, as 255 

already described for GLP-1, since BPD-DS group have almost no increase of glucagon after the 256 

mixed meal, in contrast to what occurs in the SADI-S group.  257 
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Higher post-prandial insulin and C-peptide levels were observed in SADI-S patients when compared 258 

to the BPD-DS group, likely driven by increased insulin secretion and not due to a difference in the 259 

insulin clearance rate between the two surgical procedures. Since both glucose and GLP-1 stimulate 260 

insulin and C-peptide secretion by pancreatic β-cells (31, 32), the higher insulin secretion could be 261 

justified by the significantly higher post-prandial levels of glucose and GLP-1 observed in the subjects 262 

submitted to SADI-S (Figure 3). 263 

Post-prandial NT response to the mixed meal lasted markedly longer in the BPD-DS group when 264 

compared with the SADI-S group.  NT is predominantly produced in the gastrointestinal tract and has 265 

a well-established effect on intestinal lipid absorption (33, 34). Post-bariatric levels of NT were found 266 

increase particularly after malabsorptive bariatric surgeries (35, 36). Loeffelholz et al suggested that 267 

patients submitted to BPD-DS may have higher NT levels to mediate intestinal transportation of fatty 268 

acids and so, to overcome deficiency of essential fatty acids (35). Following this rationale, since BPD-269 

DS results in a shorter common limb when compared with SADI-S group, this anatomical difference 270 

could have an impact on lower intestinal lipid absorption.  So, a longer lasting NT response after the 271 

mixed meal in patients submitted to BPD-DS could represent an adaptive response to counteract the 272 

limited lipid absorption.  273 

Despite the fact ghrelin levels were not measured, surgical induced modification of ghrelin secretion 274 

dynamics could provide an alternative explanation for the differences observed. Ghrelin is 275 

predominantly secreted in the gastric fundus and has a major role in energy and glucose balance 276 

regulation both under normal physiological conditions and after bariatric surgical interventions (37, 277 

38). However, given the fact that similar stomach resections were performed in both surgical 278 

procedures and fasting ghrelin levels are usually low in obese individuals being further suppressed by 279 

food intake (38, 39), no major differences were anticipated to occur between the two study groups. 280 

Overall, in an integrative manner the post-prandial hormone profiles observed after the procedures 281 

suggest that SADI-S as compared to BPD-DS, which leads to higher GLP-1 and glucagon excursions, 282 

could promote an enhanced “anti-obesity” hormone response, as these hormones are known to induce 283 

weight loss by decreasing appetite or increasing energy expenditure. Yet, the clinical outcomes 284 

observed after the two surgical techniques are comparable (5, 6), therefore the decrease in absorption 285 
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capacity induced by BPD-DS could be sufficient to allow similar weight loss despite not being 286 

achieved by the same mechanisms.   287 

Furthermore, from a clinical perspective it is tempting to extrapolate whether the different glycaemic 288 

excursion curve and parallel hormone responses could be translated into improved glycaemic 289 

outcomes after bariatric surgery interventions. Type 2 diabetes is well-known to be a progressive 290 

disease, starting far before the clinical diagnosis that typically progresses from insulin resistance with 291 

preserved glycaemic homeostasis, to pre-diabetes and then to established disease with impaired fasting 292 

and postprandial glucose control, as the pancreatic reserve declines (40, 41). The post-prandial 293 

response observed after BPD-DS and SADI-S may suggest that the later procedure could be 294 

advantageous in patients with insulin resistance, pre-diabetes and diabetes in earlier stages of the 295 

disease with reasonable pancreatic reserve, while BPB-DS is likely to perform better in those patients 296 

with more advanced stages of the disease. However, this is a speculative working hypothesis that 297 

needs to be formally confirmed by a randomized clinical trial to compare the long-term outcomes of 298 

BPD-DS and SADI-S in patients with different degrees of pancreatic functional reserve. In this study 299 

the fasting and postprandial hormone profiles of subjects submitted to SADI-S and BPD-DS were 300 

assessed for the very first time in a patient population without prior or current diabetes diagnosis. 301 

These preliminary findings provide important clues into the endocrine mechanisms underlying the 302 

weight loss and metabolic effects of these procedures. Yet, before these findings can be extrapolated 303 

into a broad patient population, these results need to be validated in patients characterized in further 304 

detail, as we must acknowledge the limitation of relying on crude measurement tools, such as HOMA-305 

IR and HOMA-B that were used to assess insulin sensitivity and pancreatic function when compared 306 

to the gold standard hyperinsulinaemic-euglycaemic clamp (42, 43). Besides that, a comprehensive 307 

evaluation of these hormonal dynamics not only at a single time point after surgery, both also before 308 

surgery and at different time-points after surgery along the weight loss process until stabilization 309 

would unquestionably be further. 310 

 311 

 312 



12 
 

 313 

Conclusion 314 

The post-prandial hormone secretion profiles of subjects who underwent SADI-S are characterized by 315 

higher levels of glucose, GLP-1, glucagon, insulin and C-peptide, when compared to BPD-DS. These 316 

data show that despite having apparently similar clinical outcomes, the endocrine mechanisms 317 

underlying the weight loss and metabolic effects of the two surgical procedures are potentially 318 

different. Moreover, in future the hormonal profile likely to be achieved after BPD-DS or SADI-S 319 

could be taken into account to obtain personalized post-bariatric outcomes depending of the patient 320 

glycaemic status and pancreatic reserve to improve clinical outcomes. 321 

 322 

 323 

 324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 

  332 
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Figure Legends 472 

 473 

Figure 1- Schematic representation of the gut anatomy after the biliopancreatic diversion with 474 

duodenal switch (BPD-DS) and single-anastomosis duodeno-ileal bypass with sleeve gastrectomy 475 

(SADI-S) surgeries. 476 

 477 

Figure 2- Peripheral levels of glucose (A), insulin (B), C-peptide (C), glucagon (D), GLP-1 (E), GIP 478 

(F), PYY (G), NT (H) and TBA (I), and ISR (J) in subjects without prior or current diagnosis of 479 

diabetes, previously submitted to BPD-DS (n=9) or SADI-S (n=9) after ingestion of a standard mixed-480 

meal served at t=0 min. Data are present as mean ± standard error of the mean.  *p<0.05, **p<0.01 481 

and ***p<0.001.  482 

Abbreviations: BPD-DS – biliopancreatic diversion with duodenal switch; SADI-S - single-483 

anastomosis duodeno-ileal bypass with sleeve gastrectomy; GIP - glucose-dependent insulinotropic 484 

polypeptide, GLP-1 - glucagon like peptide-1, NT- Neurotensin, PYY- Peptide YY, TBA- Total bile 485 

acids, ISR- insulin secretion rate. 486 

 487 

Figure 3- Schematic representation of the hormonal response to the mixed meal in subjects that 488 

underwent SADI-S when compared to the BPD-DS. A longer common limb results in a higher 489 

exposure of the enteric cells to bile acids leading to an increase of the release of GLP-1 by the 490 

neuroendocrine intestinal cells to the blood stream. Besides that, a higher exposure of the 491 

carbohydrates to the pancreatic juices leads to a higher glucose absorption and consequently higher 492 

levels of glucose. Both GLP-1 and glucose lead to the increase of insulin secretion by the pancreatic β-493 

cell. 494 

 495 

 496 



Table 1. Anthropometric and metabolic features of subjects submitted to BPD-DS or SADI-S both at the time of 

the surgery (pre-operative) and at the time of the mixed-meal test (post-operative). 

 BPD-DS SADI-S p-value 

N (% of total) 9 (50%) 9 (50%) - 

Gender (male/female) 3/6 (33%/67%) 2/7 (22%/88%) 0.60 

Age at time of surgery (years) 36 ± 12 43 ± 7 0.14 

Pre-operative body weight (Kg) 141.7 ± 22.3 136.3 ± 20.5 0.60 

Pre-operative BMI (Kg/m2) 51.9 ± 4.0 52.0 ± 3.7 0.98 

Post-operative body weight (Kg) 80.7 ± 14.5 77.8 ± 7.1 0.59 

Post-operative BMI (Kg/m2) 29.7 ± 4.3 30.0 ± 3.6 0.87 

EBMIL (%) 83.5 ± 16.1 82.1 ± 12.2 0.84 

TWL (%) 42.9 ± 7.4 42.3 ± 5.7 0.87 

Pre-operative Hb1Ac 5.4 ± 0.4 5.6 ± 0.5 0.38 

Post-operative Hb1Ac 4.6 ± 0.5 4.7 ± 0.4 0.73 

Pre-operative HOMA-IR 3.7 ± 2.0 4.6 ± 3.3 0.78 

Post-operative HOMA-IR 0.9 ± 0.4 0.9 ± 0.4 0.80 

Pre-operative HOMA-β (%) 199.1 ± 103.6 152.0 ± 39.4 0.38 

Post-operative HOMA-β (%) 90.9 ± 39.1 112.1 ± 71.3 0.47 

Pre-operative comorbidities 

Dyslipidemia

Hypertension 

 

2 (22%) 

3 (33%) 

 

3 (33%) 

6 (67%) 

 

1.00 

0.35 

Time after surgery (years) 1.6 ± 0.3 1.5 ± 0.3 0.24 

Data are present as means ± SD or number (%), as appropriate. Abbreviations: SADI-S - single-anastomosis 

duodeno-ileal bypass with sleeve gastrectomy; BMI – body mass index; Hb1Ac - hemoglobin A1c; EBMIL – 

excess BMI loss; TWL – total weight loss; HOMA-IR – Homeostasis Model Assessment for Insulin Resistance 

(Reference values: < 1.85 for male and < 2.07 for female (39)); HOMA-β - Homeostasis Model Assessment for 

β-cell function (Reference values: > 67.1% for male and > 86.2% for female (40)) 



Table 2. Glucose, TBA and enteropancreatic hormones levels in the fasting state and the respective post-

prandial increment and total areas under the curve for BPD-DS and SADI-S subjects. 

 

Data are present as means ± SD. *p<0.05: BPD-DS vs SADI-S. Abbreviations: SADI-S - single-

anastomosis duodeno-ileal bypass with sleeve gastrectomy, iAUC- incremental area under the curve, 

tAUC- total area under the curve, GIP - glucose-dependent insulinotropic polypeptide, GLP-1 - glucagon 

like peptide-1, NT- Neurotensin, PYY- Peptide YY, TBA- Total bile acids, ISR- Insulin secretion rate 

 BPD-DS SADI-S p-value 
Glucose     
Fasting (mmol/L) 
iAUC (mmol/L x min) 
tAUC (mmol/L x min) 

4.5 ± 0.3 
103.4 ± 35.8  
555.3 ± 82.4 

4.4 ± 0.4 
156.1 ± 46.2 

606.1 ± 103.5 

0.42 
  0.02* 
0.27 

Insulin     
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

41.1 ± 5.6 
31241 ± 11717 
36136 ± 11904 

30.3 ± 3.6 
42081 ± 14154 
45706 ± 14894 

0.12 
0.10 
0.15 

C-peptide     
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

433.8 ± 127.4 
112656 ± 27042 
164709 ± 25137 

425.8 ± 101.5 
143842 ± 40391 
194935 ± 44633 

0.88 
0.07 
0.10 

Glucagon    
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

9.6 ± 3.1 
376.9 ± 215.7 
1194 ± 338.0 

8.7 ± 4.3 
678.7 ± 295.2 
1651 ± 510.6 

0.63 
  0.02* 
  0.04* 

GLP-1    
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

24.6 ± 12.6 
2959 ± 2146 
5797 ± 2657 

20.6 ± 6.1 
5388 ± 3010 
7845 ± 3312 

0.40 
0.02* 
0.09 

GIP    
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

3.2 ± 1.3 
1722 ± 1042 
2101 ± 1089 

2.6 ± 1.2 
2286 ± 1793 
2577 ± 1785 

0.33 
0.43 
0.50 

PYY    
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

23.9 ± 15.9 
1454 ± 1077 
3798 ± 1511 

25.0 ± 16.6 
1987 ± 1149 
3639 ± 1306 

0.89 
0.33 
0.81 

NT    
Fasting (pmol/L) 
iAUC (pmol/L x min) 
tAUC (pmol/L x min) 

41.4 ± 24.3 
16284 ± 7685  
21251 ± 8127 

21.4 ± 17.3 
13483 ± 8251 
16581 ± 8885 

0.05 
0.47 
0.26 

TBA    
Fasting (µmol/L) 
iAUC (µmol/L x min) 
tAUC (µmol/L x min) 

5.9 ± 1.3 
141.2 ± 92.9 
623.8 ± 135.7 

6.3 ± 1.2 
116.2 ± 82.2 

740.4 ± 143.8 

0.48 
0.53 
0.11 

ISR    
Fasting (µmol/L) 
iAUC (µmol/L x min) 
tAUC (µmol/L x min) 

1.4 ± 0.3 
480.1 ± 150.2 
641.1 ± 137.0 

1.4 ± 0.3 
567.5 ± 165.7 
724.5 ± 174.1 

0.91 
0.19 
0.27 

Insulin Clearance    
Fasting 
Post-prandial0-120min 

0.039 ± 0.017 
0.019 ± 0.006 

0.049 ± 0.015 
0.017 ± 0.006 

0.07 
0.57 
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