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Abstract
Context: Bariatric surgery can be considered metabolic surgery, with important weight loss-independent 
effects on metabolism. Altered secretion of the intestinal hormone Glucagon-Like Peptide-1 (GLP-
1) may be an important factor in the metabolic success of bariatric surgery. GLP-1 is an important 
regulator of glucose metabolism, reducing glycemia by regulating insulin and glucagon secretion, slowing 
gastric emptying, and lowering the desire for food intake. A potentiating effect of bariatric surgery on 
postprandial GLP-1 secretion is well documented and contributes to the increased insulin secretion and 
sensitivity that precedes weight loss. However, studies on patients with Normal Glucose Tolerance (NGT) 
are relatively few, and a clear consensus is still lacking in terms of potential effects of bariatric surgery on 
fasting GLP-1 levels in obese subjects with NGT. 

Objective: To investigate fasting and postprandial levels of GLP-1 in obese women with NGT before and 
after bariatric surgery. 

Design: Plasma GLP-1 was quantified at fasting and during an Oral Meal Tolerance Test (OMTT) in female 
patients with NGT subjected to Vertical Sleeve Gastrectomy (VSG) or Roux-en-Y Gastric Bypass (RYGB), 
preoperatively and 3 months postoperatively. Insulin resistance was quantified using HOMA-IR, and beta 
cell function using the Oral Disposition Index (DIo).

Setting: This study was performed at Karolinska Institutet, Södertälje Hospital south of Stockholm, 
Sweden. 

Patients and participants: Eleven female patients aged 18-65 years with a BMI≥40 kg/m2 and NGT were 
included. Exclusion criteria were T2D (based on the criteria of the American Diabetes Association (ADA) 
(2014)), prior GLP-1 based therapy or insulin therapy, and history of substance abuse (drugs or alcohol).

Main outcome measures: Outcome measures were fasting and OMTT plasma levels of insulin and GLP-1.

Results: Fasting GLP-1 levels were decreased 3 months postoperatively compared to baseline (12.3±1.5 
vs. 20.1±3.4 pmol/L, p=0.05). Meal-stimulated GLP-1 secretion was significantly increased 3 months 
postoperatively in association with increased insulin sensitivity and enhanced beta cell function. 

Conclusion: Bariatric surgery reduces fasting plasma GLP-1 levels, while significantly increasing meal-
stimulated plasma GLP-1 levels, in obese women with NGT. 

Keywords: Bariatric surgery; Normal Glucose Tolerance (NGT); Obesity; BMI; Glucagon Like Peptide 1 
(GLP-1)

Abbreviations: GLP-1: Glucagon-Like Peptide-1; NGT: Normal Glucose Tolerance; OMTT: Oral Meal 
Tolerance Test; VSG: Vertical Sleeve Gastrectomy; RYGB: Roux-en-Y Gastric Bypass; T2D: Type 2 Diabetes; 
IGT: Impaired Glucose Tolerance; ADA: American Diabetes Association

Introduction
Obesity is increasing worldwide, associated with the epidemic increase in Type 2 Diabetes 

(T2D), and thus constitutes a leading cause of global morbidity and mortality, placing an 
enormous burden on healthcare systems. Bariatric surgery is the best available treatment of 
severe obesity and has been associated with T2D remission [1,2]. Two of the most popular 
bariatric surgical procedures -- Vertical Sleeve Gastrectomy (VSG) and Roux-en-Y Gastric 
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Bypass (RYGB) -- are sometimes referred to as metabolic surgeries 
because they affect metabolism by weight loss–independent 
mechanisms. Understanding the metabolic effects of bariatric 
surgery, and the mechanisms that mediate metabolic success and 
weight loss, is key to developing novel, less invasive and superior 
strategies to treat obesity and metabolic disease. Increased 
endogenous Glucagon-Like Peptide-1 (GLP-1) signaling has been 
considered a primary pathway leading to postsurgical weight loss 
and improvements in glucose metabolism following VSG and RYGB. 
GLP-1 is a gastrointestinal peptide hormone derived from tissue 
specific posttranslational processing of proglucagon and is one 
of the two incretin hormones increasing meal-stimulated insulin 
secretion. In addition, GLP-1 stimulates β-cell proliferative and anti-
apoptotic pathways, exerts protective effects on cardiomyocytes, 
reduces insulin resistance, reduces glucagon concentrations 
by restoring hyperglycemic responses of the α-cells, while also 
inhibiting gastric emptying, and food intake [3]. Attenuated GLP-1 
responses to meals have been demonstrated in obese adolescents 
[3,4]. Other studies show no difference in fasting and stimulated 
GLP-1 between normal-weight and obese individuals [5]. Weight 
loss has been indicated to decrease [6], increase [4] or exert no effect 
on fasting and stimulated GLP-1 levels [7]. Increased postprandial 
GLP-1 secretion has repeatedly been shown following VSG as well 
as RYGB, with both total and active levels of GLP-1 increasing, and 
the intact hormone reaching nearly 10 times higher concentrations 
after RYGB and VSG [8]. Some studies have suggested that RYGB 
increases postprandial GLP-1 to a greater extent than VSG [9,10]. 
However, most studies demonstrate similar postprandial increases 
in active GLP-1 following both procedures [11-13]. Although 
many of these studies include patients with T2D or Impaired 
Glucose Tolerance (IGT), complicating the interpretation of the 
results, bariatric surgery is consistently associated with increased 
postprandial GLP-1 also among individuals with NGT. However, 
potential effects of bariatric surgery on fasting plasma GLP-1 levels 
in non-diabetic subjects remain elusive, and so also the effects 
of surgical procedure/potential gender differences. In a recent 
meta-analysis designed to assess fasting GLP-1 levels after RYGB, 
15 studies were included and no significant difference between 
preoperative and postoperative fasting plasma GLP-1 levels was 
detected [14].

However, of the 15 studies included in this meta-analysis, half 
were performed on subjects with T2D or included subjects with 
T2D [10,15-20]. Five of the remaining studies analyzed only fasting 
plasma active GLP-1 7-36 [21-25], which may reflect differences in 
degradation and elimination rather than secretion. Due to the rapid 
intravascular degradation of GLP-1, it is essential to determine 
both the intact hormone and the metabolite for estimation of its 
rate of secretion. The three remaining studies included in this 
meta-analysis and assaying fasting total GLP-1 before and after 
bariatric surgery in NGT patients, showed no change in fasting 
plasma GLP-1 [26-28]. However, in a recent study, not included 
in this meta-analysis a significant increase in fasting plasma total 
GLP-1 was reported after bariatric surgery [29]. One weakness 
of all these studies, although similar in size to the present study 
(6-13 patients), is the lack of consideration for potential gender 

differences, and all studies report differences before and after 
RYGB. Although a number of studies have also been performed 
where fasting total plasma GLP-1 in postsurgical subjects have 
been compared to other postsurgical patient groups or other 
control groups [30-32], the effects of obesity and bariatric surgery 
on fasting GLP-1 levels in NGT subjects are thus still not conclusive, 
wherefore we aimed to assess the fasting and meal-stimulated 
plasma GLP-1 concentrations in female patients with NGT before 
and after bariatric surgery, independent of surgical procedure.

Materials and Methods

Study population
Non-diabetic female patients 18-65 years of age with a 

BMI≥40kg/m2 and NGT were included. All subjects were part 
of a larger clinical study at Södertälje Hospital (ISRCTN registry 
Identifier: ISRCTN11764561) and the Bypass Equipoise Sleeve 
Trial (BEST) (ClinicalTrials.gov Identifier: NCT02767505) and 
visited the obesity clinic at Södertälje Hospital between October 
2016 and December 2018. Exclusion criteria were T2D (based on 
the criteria of the American Diabetes Association (ADA) (2014)), 
prior GLP-1 based therapy or insulin therapy, and history of 
substance abuse (drugs or alcohol). Written informed consent 
was obtained from all study subjects. Ethical permission was 
received from the Stockholm Regional Ethical Committee: (Dnr: 
2015/795-31/2; approved: 2015-08-26). Up until the cutoff date of 
this preliminary report 15 women had been included in the study. 
Four of these patients dropped out before the postsurgical visit, 
leaving 11 women to be included in this report. However, based on 
the significant and interesting effect on fasting plasma GLP-1 and 
the similar size of previously reported studies, the data obtained 
are herein submitted as a preliminary report of the larger clinical 
trial. Glucose tolerance was defined according to World Health 
Organization criteria for plasma glucose and thus the definitions 
were: T2DM fasting glucose higher than 7.0mM and/or two-hour 
glucose higher than 11.1mM, and NGT fasting glucose below 6.1mM 
and two-hour glucose below 7.8mM.

 Anthropometry
Body weight was measured by a digital scale and height by a 

stadiometer. BMI was calculated as weight in kilograms divided by 
the square of the height in meters. 

Oral Meal Tolerance Test (OMTT)
After a 12-hour overnight fast, subjects underwent a standard 

OMTT ingesting a meal replacement drink 200ml of Fresubin 
meal replacement drink (200kcal, carbohydrate (27.2g), protein 
(7.6g), and fat (6.8g) (Fresenius Kabi Deutschland, Bad Homburg, 
Germany). The meal was ingested over a 10-min period before and 
three months after surgery. Blood was sampled from a catheter in 
an antecubital vein at -10,15, 30, 60 and 120 minutes following 
meal intake (0 minutes). Blood samples for determination of GLP-
1 and insulin were collected in EDTA-containing vacutainer tubes 
(Becton Dickinson). Tubes were centrifuged for 10 minutes, and 
plasma stored at -80 C pending analyses.
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Biochemical analyses
Plasma glucose levels were determined using Contour XT 

test strips (Ascensia Diabetes Care). Plasma levels of GLP-1 were 
quantified by an absorbency sandwich ELISA-based assay (Merck, 
Millipore). The antibody used in this assay is specific to GLP-1 (7-
36) and (9-36) and has no cross-reactivity with GLP-2, GIP, glucagon 
or oxyntomodulin. The limit of detection of the assay was 1.5pM 
and all concentrations measured were above this limit of detection. 
Plasma levels of insulin were quantified by ELISA (Mercodia). The 
insulin assay has a cross-reactivity with C-peptide and proinsulin 
of less than 0.01%.

Calculations and statistical analysis
HOMA-IR was calculated as fasting insulin (uIU/mL)*fasting 

glucose (mg/dL). The oral disposition index was used to estimate 
β-cell function before and after bariatric surgery in a subset of 
patients (insulin conc could not be determined at 30 minutes 
for all patients), calculated as the product of 1/fasting insulin 
and the insulinogenic index (ie, insulinΔ0-30/glucoseΔ0-30). GLP-1 
levels during OMTT was determined by Area Under Curve (AUC), 
calculated by the trapezoid rule with 0 as baseline. Differences 
before and after surgery in fasting levels and AUC were analyzed 
using a paired t-test. Statistical analysis was done by SigmaStat 4.0 
(Systat Software, Inc.). Significance level was set to P<0.05.

Results

Subject characteristics
The baseline characteristics of the subjects are presented 

in (Table 1). Including only patients with NGT, surgery did not 

significantly alter fasting plasma glucose (5.1±0.1 vs. 5.0±0.1mM). 
However, mean weight and BMI were significantly different 
after surgery. Analysis of changes in weight indicated an average 
weight loss of 20.5±1.3kg at 3 months following bariatric surgery, 
with a compared to baseline significantly lower mean weight of 
91.8±4.5kg. Bariatric surgery was also associated with a significant 
reduction in BMI (p=<0.001). However, after an average decrease 
in BMI of 7.2±0.6kg/m2, patients were still obese 3 months after 
surgery, as indicated by a mean BMI of 34.2±1.3kg/m2.

Table 1: Metabolic characteristics of the subjects at 
baseline. BMI-Body Mass Index, HOMA-IR-Homeostasis 
model assessment of insulin resistance.

Mean

Weight (kg) 117.7±13.8

BMI (kg/m2) 41.4±1.3

Fasting glucose (mg/dL) 92±2

Fasting insulin (uIU/mL) 25.8±4

HOMA-IR 6±0.9

Insulin and GLP-1 secretion at fasting 
Fasting plasma insulin and HOMA-IR was significantly reduced 

after surgery (Figure 1A), where obese subjects included in the study 
had 6-fold higher fasting insulin going into the study compared to 3 
months after bariatric surgery, corresponding to an 80% HOMA-IR 
reduction 3 months postoperatively. Fasting GLP-1 levels were 40% 
higher in obese subjects before bariatric surgery as compared to 
3 months postoperatively (20.1±3.5 vs 12.2±1.5pmol/L, p=0.029) 
(Figure 1B).

Figure 1: Fasting plasma levels of insulin and HOMA-IR (A), and GLP-1 (B) in obese NGT subjects before and 
after bariatric surgery, n=11. Values are means ±SEM. *denotes p<0.05 for outcome measures after surgery as 
compared to before surgery

Insulin and GLP-1 secretion during OMTT 
The peak in postprandial insulin levels was 95% higher 3 

months postoperatively compared to baseline, with peak insulin 
levels 15min into the OMTT as compared to 30min. The Oral 

Disposition Index (DIo), used as a measurement of β-cell function 
[33], was significantly increased following bariatric surgery, with 
ΔI0-30/ΔG0-30×1/fasting insulin of 0.67±0.2 presurgically and 
8.5±3.5 postsurgically. Postprandial GLP-1 levels increased slowly 
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but marginally in obese subjects prior to bariatric surgery. Peak 
levels (23±3 pmol/L) at 30 minutes into the OMTT were not 
significantly different from the relatively high fasting levels of GLP-1 
at baseline (Figure 2A). Three months postoperatively postprandial 

GLP-1 levels increased rapidly and peaked (62±11pmol/L) 30 
minutes into the OMTT in the same subjects, resulting in a 64% 
higher peak (Figure 2A). The resulting increase in the Area Under 
the Curve (AUC) was significant (Figure 2B).

Figure 2: Postprandial GLP-1 plasma levels after bariatric surgery (open circles) and before surgery (closed 
circles) (A). AUC for plasma GLP-1 (B), n=11. Values are means ±SEM. *denotes p<0.05 for outcome measures 
after surgery as compared to before surgery

Discussion 
Bariatric surgery can be considered metabolic surgery, with 

important weight loss–independent effects on metabolism, where 
similar metabolic outcomes are observed between RYGB and VSG 
[34]. The degree to which GLP-1 is responsible for the metabolic 
outcome of bariatric surgery is debated. Importantly though, the 
effects of GLP-1 receptor agonists (GLP-1RAs), or lack thereof, 
must not be considered representative of the effects of GLP-1 or 
its importance in the metabolic outcome of bariatric surgery [35]. 
Differences in doses and routes of administration are important to 
consider, where GLP-1 likely acts as a neurotransmitter, while GLP-
1RAs act on peripheral targets. In this study we demonstrate that 
baseline fasting GLP-1 levels are decreased in obese NGT women 3 
months after bariatric surgery, while postprandial GLP-1 secretion 
is restored and significantly increased 3 months postoperatively. 
These findings occur together with reduced insulin resistance, 
improved beta cell function and increased postprandial insulin 
secretion 3 months postoperatively. All patients had elevated 
baseline fasting plasma insulin and HOMA-IR values representing 
significant insulin resistance (>3) despite NGT, indicating insulin 
hypersecretion. Three months postoperatively, all patients 
displayed normal insulin sensitivity, with HOMA-IR values ranging 
between 0.5 and 1.7, despite a mean BMI still indicating obesity. 

Beta cell function was significantly improved as assessed by 
calculation of the DIo. The DIo at baseline agrees well with what has 
previously been reported for obese subjects; however, DIo 3 months 
postoperatively indicates beta cell function comparable to that of 
lean subjects [36]. This drastic effect on DIo may be of considerable 
importance as DIo predicts risk of incident diabetes at 10 years in 
nondiabetic subjects, independent of age, sex, BMI, family history of 
diabetes and baseline fasting and 2h glucose concentrations [36]. 
The present findings are in agreement with reported lower GLP-
1 responses in obesity regardless of glucose tolerance [37], and 
decresed fasting GLP-1 associated with weight loss [38]. However, 
the reported decrease in fasting GLP-1 is in contrast to a recent 
meta-analysis reporting no significant difference in fasting plasma 
GLP-1 following bariatric surgery [14]. It needs to be considered 
though that only three of the studies included attempted to analyze 
total fasting plasma GLP-1 [7-36] in NGT subjects, and another RCT 
published demonstrates increased fasting plasma GLP-1 (ref). The 
discrepancy between results may emphasing the importance of 
scrutinizing the studies performed in terms of potential age and 
gender differences as well as surgical procedure. 

Further, for the present report plasma GLP-1 levels were 
analyzed using an ELISA specific for total levels of plasma GLP-
1 7-36 and the metabolite GLP-1 9-36, avoiding differences in 
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degradation as a confounding factor. Whether the higher fasting 
GLP-1 levels at baseline represent L-cell dysfunction [39] and/or a 
response to insulin resistance and increased fasting plasma insulin 
levels [40], or even potential incretin resistance, in obesity remains 
to be investigated. A possible effect of bariatric surgery involving 
improved GLP-1 sensitivity/regulation of GLP-1 secretion, may 
affect other genes, such as the anti-aging gene Sirtuin 1 that 
regulates beta cell mass [41-44]. It would be of interest to in a 
larger study also assess potential associations between fasting 
plasma GLP-1 and Sirtuin 1 gene expression. However, it should 
be mentioned that although fasting plasma GLP-1 levels in these 
obese subjects with NGT were reduced 3 months postoperatively, 
baseline levels were similar to those previously reported for lean 
nondiabetic subjects [36].

Limitations
The main weakness of this study is the limited number of 

patients included. Another weakness is the lack of a lean control 
group. Further, in this report, we do not discriminate between 
RYGB and VSG. Although the metabolic outcome of RYGB and VSG 
is similar, the mechanism are most likely different [34,45]. Future 
studies should focus on carefully delineating intestinal hormone 
responses between these procedures to facilitate understanding 
of the mechanisms that underlie metabolic surgical success. 
The clinical study in which these patients were included will at 
completion be statistically powered to detect not only differences 
in gut hormone secretion between RYGB and VSG patients, but 
also allow for linear regression analysis of associations between 
beta cell function, insulin resistance, weight loss, BMI etc and gut 
hormone secretion. 

Conclusion 
Despite the relatively low number of patients included, this 

early report from a larger clinical study presents important and 
interesting data in terms of reduced fasting GLP-1 in obese subjects 
with NGT following bariatric surgery. In addition, this report 
supports increased postprandial GLP-1 secretion in association 
with reduced insulin resistance and increased beta cell function 
following bariatric surgery in this patient group. 
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