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Background

 Bottleneck constraints：Indications to diabetic surgery 

 The therapeutic mechanisms on diabetes after Metabolic & Bariatric Surgery(MBS) are not fully

understood

✓ The entero-insular axis (EIA) theory is questioned (including our previous studies)

✓ The theory of gut - brain - liver axis (GLBA) remains controversial.

✓ SGLT1 plays an important role in the therapeutic mechanisms on diabetes after MBS

• Glucose absorption mainly depends on SGLT-1, and SGLT-1 is highly expressed in diabetic patients

•  The effect of glucagon-like peptode-1(GLP-1) on glucose metabolism cannot well played in the absence of 

SGLT1

• MBS regulates the gluconeogenesis pathway that might be mediated by SGLT1



Bottleneck Constraints：
Indications to diabetic surgery

Diabetes Care. 2021 44(11):2626-41.

⚫ More than 16 prediction models, up to 

2021.

⚫ DiaRem and ABCD: the two most widely

validated models to predict diabetes

remission following bariatric surgery.

⚫ The most externally validated models were 

ABCD and DiaRem. Although the ABCD 

and DiaRem models were primarily 

developed for predicting diabetes remission 

at 1-year follow-up, they have been 

validated in studies predicting long-term 

diabetes remission.



Prediction models in diabetic surgery

Diabetes Care. 2021 44(11):2626-41.



Prediction models:  DiaRem & ABCD 

• Lee WJ，Taiwan：Prediction of remission

• “ABCD” score system：
• The higher the score, the more diabetic remissions.

Obes Surg, 2015, 25(10): 1772-1778.Obes Surg. 2016 26(10):2418-24.

Exceptional cases: 

 extremely low scores combined with diabetic CRs.

 extremely high scores with no antidiabetic effects.

 DiaRem (Diabetes Remission Clinical Score): 

• Age, 

• HbA1c, 

• diabetes medication other than metformin, 

• and insulin use.

 “ABCD” score system:

• Age（A），
• BMI(B），
• C-peptide（C），
• Duration of diabetes（D）.



“Surgical Diabetes” need to be redefined

Indication to diabetic surgery: 

Besides the clinic indexes that in “ABCD” & DiaRem system

    ——There shoule be other variables that could influence diabetic remission rate.

"Surgical Diabetes" lacks ideal screening indicators, 

which  is likely due to the inconclusive therapeutic mechanism of diabetic surgery.

“Surgical Diabetes” needs to be redefined.



Therapeutic Mechanism for Diabetes after RYGB

GIP

GLP-1

SGLT-1

PYY

Volume Restriction &  Malabsorption

Foregut , Midgut, Hindgut, Gastric Hypothesis

Diabetes Care, 2008. 31 Suppl 2: p. S290-6.

The entero-insular axis (EIA) theory

”incretin”：Ghrelin, GIP, SGLT-1, GLP-1, PYY, et al.

The gut - brain - liver axis (GBLA) theory

Intestinal gluconeogenesis (GNG)-brain- liver GNG 



The entero-insular axis (EIA) Theory: GI Hormones

1967 – Gastric Bypass

Rubino F.,  Diabetes Care, 2008. 31 Suppl 2: p. S290-6. 

MBS, 
2008



Our cognition：incretin to SGLT1

2011

Gastroenterol Rep . 2018. 6(4): 291-7. 

-----

2018

-----

Ann Transl Med, 2022;10(8):481.

Preliminary validation of “SGLT1 
Bridge” Hypothesis;
Initiatively raise up:“Surgical Diabetes”.

2022

-----

2012

--

Journal of Chinese obesity and 
metabolic disease，2020

---

2020

2016

SGLT1 Bridge

 Hypothesis 

--



The EIA  theory has been questioned

 GLP-1 secretion is not in proportion to diabetes remission.

 GLP-1(R) agonists are far less effective than RYGB.

 Our previous studies: GLP-1 may only be the intermediate 

link in the therapeutic mechanisms involved in diabetes after

MBS.

Ileal transposition (IT), 
GK rats

GLP-1 is 

merely an 

intermediate 

link？！

Gastroenterol Rep . 2018. 6(4): 291-7. 

-------
--------

2018



The theory of gut - brain - liver axis (GLBA) 
remains controversial

•The main physiological significance of gluconeogenesis(GNG) is to ensure a relatively constant blood glucose 

level in the presence of starvation. 

•Belongs to endogenous glucose production (EGP), usually refers to liver gluconeogenesis (HGNG); 

• Intestinal gluconeogenesis (IGNG)  significantly enhanced in starvation state, accounting for more than 20% of 

the effective response of GNG. 

It is controversial due to the lack of differences in glucose

metabolism between RYGB groups with or without vagus nerve

preservation, which makes the gut-brain-liver axis (GBLA) theory

questionable to explain the surgical treatment mechanism.

Intestinal Glu-Portal glucose signal（PGS）-Vagus N -Hypothalamus-Liver (EGP)

GBLA ：starts with IGNG and ends with HGNG

Nutr Hosp. 2013; 28(Supl. 2):109-114.



Sodium-glucose co-transporter 1 （SGLT1）

➢ SGLT1: the main factor of intestinal glucose absorption, with obvious circadian rhythm.

➢ SGLT1 mainly located in duodenum; lesser distributed in the distal bowel

➢ SGLT1 is highly expressed (2-3 times) in the diabetic patients’s GI tract.

➢ Regulation of GLP-1 expression by SGLT1 has been demonstrated (at the cellular level) .

Surgery. 2008; 143(6):813-8.Diabetologia,2012,55:2445-55.



SGLT1 as a Mediator of the Effect of GLP-1/GNG on 
Glucose Metabolism

➢ SGLT1 can regulate intestinal glucose-dependent GLP-1 expression remotely.

➢ SGLT1 may induce MBS to exert regulatory effects on gluconeogenesis(GNG) pathway.

Diabetes. 2015; 64(2): 370-382. Curr Diab Rep. 2012; 12(2): 167-71.Nutr Hosp. 2013; 28(Supl. 2):109-114. 中华肥胖与代谢病杂志. 2016; 2(2)：80-84.



Proposed: “SGLT1 Bridge”Hypothesis

SGLT1 may be the "bridge" between the "GBLA" and 

the "EIA", which is initiated by MBS, i.e. gastric bypass.

 Intestinal glucose absorption is directly reduced

 “SGLT1-IGNG-GBLA-HGNG”：FPG declined

 “SGLT1-GLP-1-insulin”：postprandial glucose improved  

2016

中华肥胖与代谢病杂志. 2016; 2(2)：80-84.

SGLT1

Bridge

The traditional theories of "enteric-insular islet axis (EIA)" and "gut-brain-

liver axis (GBLA)" cannot perfectly explain the mechanism of 

gastrointestinal surgery in the treatment of diabetes. ——intermediate link? 

SGLT1, upstream of EIA and GBLA?



Roles of SGLT1 in MBS

Obes Surg, 2015, 25(4): 635-41.Ann Surg, 2013, 258(1):89-97 Obes Surg. 2013; 23(11): 1734-1742. Surg Obes Relat Dis. 2014; 10(4):641-646.Ann Transl Med. 2022;10(8):481

Author Rats Diabetes type SGLT1 GLP-1(R) GNG Surgery

Jurowich CF STZ induced Lewis type 1 √ √

Kim M. SD None √ √ √

Sun D. GK type 2, advanced √ √ √

Zhu H. ZDF &GK type 2,  early & advanced √ √ √

Once SGLT1 in the "bypassed" duodenum 

and the upper part of  jejunum down-

regulated after RYGB and DJB surgery, what 

will be happened to the EIA and GBLA?

Scattered reports:

Type 2 

diabetes: 

dustbin of 

diagnosis



Our Study Validated & Defined

A hypothesis: the "SGLT1 Bridge" Hypothesis

A concept: "Surgical Diabetes"

------



Methods: simulations

➢ Diabetic Rats：male, 10w
✓ ZDF rats（obese）
✓ GK rats (non-obese)

➢ Gavage solution：
✓ -Glu group：glucose solution

✓ -P group：Glu+SGLT1 inhibitor (Phlorizin)

Simulation 2: SGLT1 inhibitor      DJBSimulation 1: 
ZDF rat      IR, early stage DM

GK rats       IGT, advanced stage DM

Duodenojejunal bypass (DJB)



Duodenum Jejunum Ileum Pancreas Liver

SGLT1 √√ √√ √√ √ √
GLP-1R √ √ √
G6Pase √ √ √ √

Pck1 √ √ √ √

Setting: Comparative Study

➢ SGLT1 expression: 

✓ ZDF-Glu vs GK-Glu

➢ Regulatory effects of SGLT1 inhibition: 

✓ ZDF-Glu vs ZDF-P

✓ GK-Glu vs GK-P

Red √: 120min after gavage; black √: 90min after gavage.

（ √: mRNA，√√: IHC+mRNA）

Procedure of rats experiment

G6Pase and Pck1: key enzymes of gluconeogenesis



Regulatory effects of SGLT1 inhibitor (Phlorizin) on 
different diabetic rats

 Regulatory effects of SGLT1 inhibitor on SGLT1 expression（-P vs -Glu）

 Regulatory effects of SGLT1 inhibitor on GLP-1R expression（-P vs -Glu）

 Regulatory effects of SGLT1 inhibitor on the expression of key enzymes of 

gluconeogenesis（-P vs -Glu）



Inhibition of SGLT1 Expression by Phlorizin in 
Diabetic Rats

Plorizin inhibited duodenal SGLT1 activity in both GK

rats (p<0.001) and ZDF rats (p<0.001).

Fig. The activity of SGLT1 expression in the intestine

Prerequisite obtained: SGLT1 inhibitors significantly inhibited intestinal SGLT1 expression.

Fig. SGLT1 activity expression in the duodenum

Data were analyzed using ANOVA with post hoc analysis with LSD’s comparison test. 

*P<0.05, **P<0.01, ***P<0.001.



Regulatory effects of Plorizin on GLP-1R 
expression（-P vs -Glu）

✓ Down-regulated jejunal GLP-1R mRNA expression in ZDF rats(p=0.001)

✓ Up-regulated GlP-1R mRNA expression in pancreas of ZDF rats(p=0.021)。

➢ However, the regulatory effects of GLP-1R mRNA expressions in  GK rats were not observed.

Fig. GLP-1R mRNA expression in the intestine and the pancreas

Regulatory effects of Plorizin 

on EIA were investigated in 

ZDF rats, not in GK rats.

Data were analyzed using ANOVA with post hoc analysis with LSD’s comparison test. *P<0.05, **P<0.01, ***P<0.001.



Regulatory effects of SGLT1 inhibitor on the expression of 
key enzymes of GNG（-P vs -Glu）

✓Up-regulated the duodenal(p= 0.000) and jejunal(p=0.038) Pck1 

mRNA expression in ZDF rats, but not in that of GK rats.

✓Down-regulated hepatic G6Pase mRNA expression in ZDF rats 

(p=0.005) and hepatic Pck1 mRNA expression in GK 

rats(p=0.001). [No changes in hepatic SGLT1 expression:“remote 

effects”（GBLA）]

Fig. G6Pase & Pck1 mRNA expression in the liverFig. G6Pase mRNA expression in the intestine

Fig. Pck1 mRNA expression in the intestine

Plorizin，IGNG

ZDF，
SGLT1-IGNG；
HGNG  ，
SGLT1-GLBA 

pathway.



Summary

SGLT1↓
SGLT1 

inhibitor
Glu↓

GLP-1R (PA) ↑ EIA PA: Insulin↑

ZDF & GK rats (DU)

IGNG↑

PGS: Glu
GBLA

Brain

HGNG↓

Surgical Diabetes
—Multiple factors, pathways related to SGLT1

PV：portal vein；VN：vagus nerve; IGNG：intestinal GNG；HGNG：hepatic GNG. 

✓ SGLT1 showed synergistic regulatory effects on the

entero-insular axis (EIA) and the gut-brain-liver axis

(GBLA), preliminarily validating the “SGLT1

bridge”hypothesis.

✓ T h e d i s t i n c t  expression of SGLT1 and its 

differentially regulatory effects on diabetic rats with 

different pathophysiological conditions may provide 

probable potential indications involved in the 

“Surgical Diabetes” that is supposed as the inclusion 

for diabetic surgery.



Conclusion & Prospect

Preoperitive

Endoscopy 

Accessible！

➢ “Surgical Diabetes” has been proved that exists with a specific pathophysiological condition strongly related to the 

“SGLT1 Bridge”, which might be independent of the clinical manifestation.

➢ Clinical factors (i.e. BMI, duration of diabetes) can predict diabetes remission, but specific indicators for “Surgical 

Diabetes” must focus on the therapeutic mechanisms of diabetes remission after MBS.  [Phenomenon & Essence]

➢ If the "SGLT1 Bridge" is validated as an indication for "Surgical Diabetes" in humans , it could solve the bottleneck 

that limit the indications for diabetic surgery.

Bypass 

Greater 

Again!



谢谢观看

Thank You !
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