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Bariatric Surgery

Greater early postprandial GLP-1 increase after Roux-en-Y than
one-anastomosis gastric bypass, with unchanged secretin: a
randomized controlled trial
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BACKGROUND: Few studies have compared gut hormone responses between bariatric procedures. This study compared
Roux-en-Y and one-anastomosis gastric bypass (RYGB and OAGB) regarding glucagon-like peptide-1 (GLP-1), secretin, and glucose-
insulin dynamics.
METHODS: This study included 41 participants (RYGB: n= 21, OAGB: n= 20) from the randomized RYSA trial with similar amounts
of bypassed intestine between the procedures. Plasma GLP-1, secretin, glucose, insulin, and C-peptide were measured during a
360-min mixed-meal test before, and at 6- and 12-months after surgery. Outcomes included total and early-phase (0–60min) areas
under the curve (AUCs) and peak concentrations. Visual analogue scales were used to measure hunger and satiety.
RESULTS: Both procedures resulted in ~25% weight loss and marked metabolic improvements over 12 months. While fasting GLP-1
remained largely unchanged, postprandial concentrations rose markedly at 6 months (total AUC increase in RYGB: ~330%, OAGB:
~259%; p < 0.001) and remained elevated at 12 months. The increases in early-phase GLP-1 AUC were 31% higher in RYGB than
OAGB at 6 months (95% CI: 3 to 68; p= 0.030) and 25% higher at 12 months (95% CI: –2 to 59; p= 0.072). Peak GLP-1 increases
were significantly higher ( ~ 32%) after RYGB at both follow-ups (p < 0.05). Postprandial reduction in hunger was greater after RYGB
than OAGB from baseline to 12 months. Fasting or postprandial secretin concentrations showed no significant changes. Both
operations were associated with decreased fasting glucose, insulin, and C-peptide; increased early glucose but decreased glucose
total AUCs; and increased insulin early AUC and C-peptide total and early AUCs. Glucose early-phase AUC and peak concentration
increases were greater after RYGB than OAGB.
CONCLUSIONS: Both RYGB and OAGB lead to markedly enhanced postprandial GLP-1 responses, with no corresponding change in
secretin levels. RYGB produces higher early postprandial increases in GLP-1 and glucose than OAGB, demonstrating that procedural
differences can influence gut hormone and glucose responses.

International Journal of Obesity; https://doi.org/10.1038/s41366-025-02000-3

INTRODUCTION
Obesity is a global health challenge, strongly associated with
metabolic diseases and increased mortality [1]. Bariatric surgery
remains the most effective treatment, leading to sustained weight
loss, improved glycemic control and remission of type 2 diabetes
mellitus (T2DM) [2]. The underlying reasons for its metabolic success
remain only partially understood. Emerging evidence points to gut
hormones, such as GLP-1 and secretin, as central mediators.
Postprandial GLP-1, secreted by L-cells in the distal small

intestine, sharply rises after bariatric surgery, triggering insulin

release and improving glucose metabolism [3, 4]. This post-
prandial surge is unique to surgery and does not occur with
lifestyle-induced weight loss [5]. Secretin, a less-studied hormone
secreted from duodenal S cells, also potentiates insulin secretion
[6] and may rise following duodenal bypass [7]. Beyond gut
hormones, bariatric surgery alters glucose and insulin dynamics,
producing earlier and enhanced postprandial peaks [8]. These
changes likely reflect the reconfigured gastrointestinal anatomy,
which accelerates nutrient delivery and stimulates GLP-1 [9] and
secretin release [10]. Both GLP-1 and secretin may be crucial to
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the rapid metabolic reset and insulin release observed post-
surgery.
The effect of different bariatric procedures on gut hormones

and glucose insulin dynamics remains unclear. Roux-en-Y gastric
bypass (RYGB) is the gold standard in bariatric surgery, but one-
anastomosis gastric bypass (OAGB) emerged as a technically
simpler and potentially more beneficial for T2DM resolution
[11, 12]. Roux-en-Y gastric bypass (RYGB) and one-anastomosis
gastric bypass (OAGB) have achieved comparable weight loss in
randomized controlled trials [13–15]. However, they have
anatomical differences in the site and timing of nutrient-
secretion contact that could influence nutrient absorption and
hormonal profiles. In RYGB, nutrients bypass proximal small
intestine and travel alimentary limb before mixing with
biliopancreatic secretions at the jejunojejunostomy but in OAGB,
a single gastrojejunostomy is created, where nutrients immedi-
ately mix with biliopancreatic secretions. Gut mucosa hyperplasia
and expansion of GLP-1–secreting L-cells contribute to the
potent glucose-lowering effects in RYGB [9, 16, 17] but
mechanistical data for OAGB are limited, although potentially
partly similar. Preclinical studies in minipigs suggest that OAGB
induces distinct macronutrient absorption patterns and GLP-1
responses compared with RYGB [18]. This raises an intriguing
question: do RYGB and OAGB trigger the same metabolic signals,
or are we overlooking key hormonal differences that could guide
more personalized treatment?
Previous clinical studies have established that postprandial

GLP-1 response after RYGB rises more than tenfold [3, 19].
Evidence for OAGB, however, remains sparse and limited to the
first few months after surgery. One case series reported a 34%
increase in GLP-1 and a 58% increase in secretin at 2 months
post-OAGB [20]. In a randomized controlled trial (RCT), post-
prandial GLP-1 levels increased more after OAGB than sleeve
gastrectomy at 6 and 12 months [21], in line with studies
comparing RYGB and sleeve procedures. Only one pilot study has
compared GLP-1 levels between RYGB and OAGB, finding no
significant differences; however, the comparison was cross-
sectional at 2 years post-operation [22]. There are no data on
postprandial secretin levels beyond 3 months for either
procedure [7, 20], and postprandial glucose and insulin responses
between the operations remain unexplored, with data only from
the same current RCT showing no differences in total AUC values
between the operations [15].
Gut hormones, insulin and glucose also shape eating

behaviors [23]. Differences in their postprandial profiles can
influence appetite regulation and long-term weight loss [24].
GLP-1 elevations after RYGB are generally linked to increased
satiety on visual analogue scale (VAS) [24] However, comparisons
of appetite ratings and their relation to gut hormone responses
between RYGB and OAGB during a mixed-meal test (MMT) are
lacking.
To address this knowledge gap, we conducted a secondary

analysis of an RCT comparing changes in fasting and postprandial
GLP-1, secretin, and glucose-insulin responses between RYGB and
OAGB with standardized length of the bypassed intestine, over a
one-year follow-up. By mapping the distinct gut hormone, glucose
and insulin profiles of these two procedures, we aim to uncover
novel insights into the mechanisms driving their metabolic
success and paving way for personalized patient selection for
bariatric surgery.

METHODS
Study design and participants
The Roux-en-Y Gastric Bypass vs. One-anastomosis Gastric Bypass (RYSA,
NCT02882685) study is a parallel-group randomized controlled trial with a
previously reported design [25], participant flow, and primary results [15].
In short, 121 adults with BMI ≥ 35 kg/m2 were randomized in 1:1 ratio at

the Helsinki and Oulu University Hospitals, Finland, to RYGB or OAGB using
sealed envelopes, with stratification for diabetes status and sex. RYGB and
OAGB procedures are illustrated in detail in ref. [25].
The RYSA intensive cohort (n= 45 at baseline) was recruited from 80

participants randomized in Helsinki based on their willingness to
undergo detailed metabolic measurements at the Obesity Research
Unit, University of Helsinki. The cohort measurements were performed
8 weeks before surgery and at 6- and 12-months post-surgery. For the
present exploratory study, we included 41 participants (RYGB, n= 21;
OAGB, n= 20) who had MMT data available from baseline to at least one
follow-up (Fig. 1). One OAGB participant missed the 6-month measure-
ment due to illness, and two OAGB participants did not complete the 12-
month follow-up after discontinuing participation in the intensive cohort
after 6 months.
This study adhered to the principles of the Declaration of Helsinki and

received supportive statements from the Ethical Committee of the Helsinki
and Uusimaa Hospital District (HUS/1706/2016). All participants provided
informed consent.

Interventions
RYGB and OAGB were performed as described previously [15, 25]. In RYGB,
the gastric pouch was created with one horizontal 45 mm and two vertical
60mm staplers. The length of the biliary limb was 80 cm, and that of the
alimentary limb was 130 cm. In OAGB, a tubular gastric pouch was created
using 60mm staplers along a 38Fr bougie starting at the crow’s foot with a
horizontal 45 mm stapler and the omega loop being 210 cm long. The
length of the bypasses was standardized between the procedures to allow
for a more equal comparison.
After baseline measurements, participants followed a 4–6-week very-

low-calorie diet (VLCD, 800–1000 kcal/d) until the operation and then
transitioned to a nutritionally tailored diet with lifestyle and exercise
recommendations.

Mixed-meal test
At each laboratory visit, participants underwent a 360-min MMT. After a
fasting blood sample collection, participants ingested a liquid meal of 2
620 kJ (627 kcal) with a balanced distribution of fat (24 g), carbohydrates
(76 g) and protein (24 g) (Resource® 2.5 Compact, Nestle Health Science).
Post-meal samples were collected at 15, 30, 60, 120, 180, 240 and 360min
after meal ingestion.

Plasma GLP-1 and secretin measurements
GLP-1 was measured from the MMT samples by Mercodia ELiSA kit (catalog
no. 10-1278-01; RRID: AB_2892202) as in manufacturer’s instructions.
Secretin was measured by in-house radioimmunoassay (RIA) method
developed and published earlier in detail, using C-terminally directed
secretin antibody named 5595–3, binding epitope at position 18–27 [7].
Recovery of human secretin added to human pooled plasma was
calculated to 71 ± 11% (mean ± SD) and the lowest limit of detection
was 1 pmol/L and dynamic range from 2.5 to 80 pmol/L.

Subjective experiences of hunger, satiety and nausea
Subjective appetite ratings (hunger, satiety and nausea) were assessed
using a 100-mm VAS [26] during the MMT at every blood-sampling time
point. The assessments were not recorded from five participants at
baseline, and these participants were excluded from the analyses. Because
nausea levels were very low at baseline, we analyzed the outcome as
dichotomous (whether participants experienced nausea or not) instead of
calculating continuous summary measures.

Mixed meal test missing data imputation and outcome
calculations
Across all study visits and MMT time points, item-level missingness ranged
from 0% to 15.4%. For molecular outcomes, the proportion of missing data
was 1.7% at baseline, 5.4% at 6 months, and 10.1% at 12 months. For
hunger and satiety VAS scores, the corresponding percentages were 1.1%,
3.0%, and 2.1%. The highest proportion in any single measurement was six
participants (15.4%) at 12 months for GLP-1 240min, glucose 360min, and
insulin 240 and 360min. Most losses were attributable to failed
venipuncture or to early termination of the 6- and 12-month tests because
of nausea or vomiting. We assumed that data were missing at random and
addressed this by performing multiple imputation. We generated 50
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imputed datasets using 50 iterations of weighted predictive mean
matching (mice package in R) [27]. Our imputation model for the baseline
variables included key baseline characteristics (age, sex, operation group,
T2DM status, height, and body weight); and selected variables measured at
the same visit that could contribute to the MMT response (body weight,
oral glucose tolerance test [OGTT] fasting and 2‑h glucose and insulin,
triglycerides, HDL cholesterol, and high‑sensitivity CRP); and other MMT
variables (hunger, satiety, GLP-1, secretin, glucose, insulin and C-peptide)
measured at the same timepoint than the imputation was made (e.g.,

30min). Presence of nausea was not included in the imputation model and
was analyzed on a complete-case basis. For 6‑ and 12‑month variables, we
also included the corresponding variables from the alternate follow‑up visit
(e.g., either 6- or 12-month visit), given the similarity of post‑surgery MMT
responses. We confirmed convergence of the imputation algorithm by
inspecting trace plots.
In each of the 50 imputed datasets, we calculated the total AUC

(0–360min) to capture the complete postprandial response, as well as the
early-phase AUC (0–60min) and peak concentrations to assess the

Fig. 1 Study cohort and follow-up. A total of 41 participants were included: 21 underwent Roux-en-Y gastric bypass (RYGB) and 20
underwent one anastomosis gastric bypass (OAGB). After baseline measurements, all participants completed a 4–6 week very-low calorie diet
(VLCD) before surgery. Follow-up assessments were performed at 6- and 12-months post-surgery. One OAGB participant missed the 6-month
visit due to illness, and two OAGB participants discontinued before the 12-month follow-up.
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immediate response. The AUCs were computed using trapezoidal
integration (pracma package) [28].

Body composition
Height and weight were measured after an overnight fast. Body
composition was assessed using dual-energy X-ray absorptiometry (DXA;
Lunar iDXA, GE Healthcare, Wisconsin, USA).

Analytical blood samples and oral glucose tolerance
test (OGTT)
Routine laboratory tests including blood count, high-sensitivity C-reactive
protein, lipids, and thyroid and liver function were measured from fasting
plasma as previously described at the HUSLAB laboratory using
standardized methods [29, 30].
A 3-h OGTT was conducted following an overnight fast. A fasting blood

sample was collected before ingestion of 75 g glucose, and post-glucose
samples were at 30, 60, 120, 180min for measurements of glucose and
insulin with HUSLAB standard methods as described above. Homeostatic

model assessment of insulin resistance (HOMA) and Matsuda index for
insulin sensitivity were calculated from this data [29, 30].

Statistical analyses
We carried out all analyses in R (version 4.3.3). Using the nlme and lme4
packages, we fitted the linear mixed-effects models to the continuous
MMT outcomes. Each model treated visit, operation group, and their
interaction as fixed effects and included a random intercept for each
participant. Because the biomarker distributions were right-skewed, we
applied a natural-log transformation, reported geometric means with
interquartile ranges, and back-transformed the fixed-effect estimates to
show percent change from the reference level. For the binary nausea
outcome, we fitted a generalized linear mixed model with a binomial
distribution, logit link, and the same fixed- and random-effects structure.
We combined the model estimates across imputed datasets using Rubin’s
rules. As a sensitivity analysis, we repeated all models in complete cases
using the same mixed-effects specifications. We regarded two-sided
p < 0.05 as statistically significant.

Table 1. Clinical characteristics of participants randomized to Roux-en-Y gastric bypass (RYGB) and one-anastomosis gastric bypass (OAGB) during
the study.

Variable RYGB OAGB

Baseline
n= 21

6 months
n= 21

12 months
n= 21

Baseline
n= 20

6 months
n= 19

12 months
n= 18

Age, y 47 (8) 46 (7)

Sex

female 14 (67%) 14 (67%) 14 (67%) 14 (70%) 14 (74%) 13 (72%)

male 7 (33%) 7 (33%) 7 (33%) 6 (30%) 5 (26%) 5 (28%)

Type 2 diabetes 9 (43%) 4 (19%) 2 (9.5%) 9 (45%) 5 (28%) 3 (17%)

Smoking and physical activity

Smoker 2 (9.5%) 3 (15%) 5 (24%) 1 (5.0%) 1 (5.9%) 2 (13%)

Baecke index, 0–15 7.7 (1.5) 8.4 (1.3)** 8.5 (1.1)*** 7.3 (1.3) 7.8 (1.5) 8.2 (1.7)**

Anthropometrics and body composition

Height, cm 168.6 (9.2) 171.4 (10.3)

Body weight, kg 128.1 (15.3) 101.1 (12.1)*** 95.5 (13.9)*** 134.8 (22.8) 107.1 (19.1)*** 101.6 (16.7)***

Body mass index, kg/m2 45.2 (6.1) 35.7 (5.4)*** 33.8 (5.8)*** 45.8 (5.9) 36.6 (5.0)*** 34.7 (4.8)***

Fat-free mass, kg 64.2 (8.1) 59.3 (7.1)*** 59.3 (7.6)*** 67.6 (11.2) 62.2 (10.9)*** 62.2 (11.4)***

Fat mass, kg 63.0 (12.0) 41.3 (11.2)*** 36.3 (12.6)*** 65.2 (15.1) 44.5 (12.2)*** 38.9 (12.1)***

Body fat percentage, % 49.3 (6.0) 40.5 (7.9)*** 37.2 (9.5)*** 48.8 (6.7) 41.3 (7.0)*** 38.0 (8.5)***

Biochemical health markers

Glucose metabolism

HbA1C 38.1 (6.4) 34.5 (3.0)*** 33.8 (3.5)*** 41.4 (13.0) 33.1 (5.9)*** 35.0 (10.0)***

HOMA index 2.82 (2.21-9.07) 1.86 (1.13-2.54)*** 1.06 (0.84-2.10)*** 4.32 (3.09-7.18)*** 1.30 (0.92-2.14)*** 0.98 (0.76-1.58)***

Matsuda index 2.6 (1.8) 4.5 (3.2)*** 5.0 (3.4)*** 2.5 (1.4) 4.8 (2.8)*** 5.9 (2.5)***

Lipid metabolism

Triglycerides, mmol/l 1.44 (0.59) 1.07 (0.37)** 0.92 (0.31)*** 1.44 (0.82) 1.12 (0.35)** 0.98 (0.33)***

Cholesterol, mmol/l 4.38 (1.08) 3.65 (0.68)*** 3.78 (0.75)** 4.61 (0.74) 3.89 (0.58)** 4.19 (1.19)*

HDL cholesterol, mmol/l 1.22 (0.26) 1.19 (0.24) 1.37 (0.25)** 1.23 (0.22) 1.26 (0.18) 1.37 (0.28)***

LDL cholesterol, mmol/l 2.71 (0.85) 2.18 (0.69)*** 2.20 (0.77)*** 2.95 (0.70) 2.31 (0.60)*** 2.29 (0.77)***

Liver function

AFOS 74.4 (16.9) 89.4 (23.9)*** 82.1 (21.1)* 70.2 (16.2) 87.4 (22.9)*** 85.8 (21.0)***

ALAT 29.8 (13.7) 28.8 (17.9) 26.2 (16.1) 33.5 (20.6) 34.7 (19.9) 31.6 (19.7)

ASAT 25.3 (6.0) 26.2 (7.1) 24.9 (6.6) 26.4 (10.1) 30.8 (14.9) 29.3 (11.6)

GT 33.0 (12.6) 22.0 (16.2)*** 19.7 (14.3)*** 31.8 (18.8) 22.5 (13.8)*** 21.8 (13.6)***

Hormones and inflammation

TSH 1.64 (1.31) 1.52 (1.16) 1.55 (0.95) 1.68 (0.67) 1.48 (0.62) 1.52 (0.65)

Leukocytes 6.9 (1.3) 5.9 (1.4)** 5.9 (1.6)*** 6.5 (1.6) 5.7 (1.3)* 5.2 (1.3)***

hs-CRP 3.77 (1.39-9.98) 2.02 (0.43-3.93) 0.48 (0.29-2.18)*** 4.30 (1.16-7.64)*** 1.47 (0.72-2.25)*** 0.81 (0.32-1.72)***

Data as n (%), means (SD), or medians (IQR);
*p < 0.05, **p < 0.01, ***p < 0.001 for within-group change from baseline.
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RESULTS
Similar clinical characteristics and blunted glucose and insulin
responses to meal in both groups at baseline
Baseline demographic and clinical characteristics were compar-
able between RYGB and OAGB groups, including age, BMI, sex
distribution, and T2DM status (Table 1). Additionally, neither
fasting nor postprandial concentrations (total and early AUCs or
peak values) of GLP-1, secretin, glucose, insulin, or C-peptide
differed significantly between the groups (Tables 2 and 3). At
baseline, both groups showed only a small GLP-1 rise after meal
ingestion, with increases of ~11 pmol/L peaking around 30min,
while secretin remained unchanged. Glucose, insulin and
C-peptide levels increased postprandially, with glucose peaking
around 60min, insulin at 30 min and C-peptide at 120min. The
levels returned to baseline only after 240–360min, highlighting
impaired postprandial glucose handling and insulin secretion
typical of obesity—and a situation where gut hormones do not
rise to trigger insulin secretion.

Substantial but similar metabolic improvements between the
groups during weight loss
Over 12 months, both RYGB and OAGB resulted in substantial but
similar total body weight loss (RYGB: 25%, OAGB: 24%) and similar
improvements in body fatness, insulin sensitivity (HbA1c, HOMA-
index, Matsuda-index), plasma lipid levels, liver function tests and
inflammation (Table 1). The resolution of T2DM and changes in
Baecke physical activity index were also comparable between
groups.

A substantial increase in postprandial GLP-1 but not secretin
response post-surgery, with a more pronounced early AUC
and peak in GLP-1 after RYGB than OAGB
Along with the substantial weight loss and metabolic improve-
ments, bariatric surgery induced a dramatic increase in post-
prandial GLP-1 secretion in both groups. From baseline to 6 and to
12 months, total GLP-1 AUC (0–360min) increased ~330% after
RYGB and ~260% after OAGB (both p < 0.001; Table 2, Fig. 2).
Postprandial dynamics shifted towards an earlier response with a
striking GLP-1 increase at 15–30min and a return towards baseline
already at 240 min at both 6 and 12 months. Fasting GLP-1
concentrations, however, remained largely unchanged in both
groups across all timepoints.
However, early GLP-1 AUC (0–60min) and GLP-1 peak

concentrations around at 15–30min revealed differences between
RYGB and OAGB. From baseline to 6 and 12 months, increases in
early AUC were 31% (p= 0.030) and 25% (p= 0.072) greater in
RYGB compared with OAGB, respectively, and increases in peak
GLP-1 concentrations were ~32% greater after RYGB than OAGB at
both time points (both p < 0.05). These findings indicate that RYGB
produces a steeper GLP-1 release than OAGB.
Secretin responses remained stable after both surgeries. Fasting

values, and postprandial total AUC, early AUC, and peak
concentrations showed no significant changes over time or
differences in changes between groups (Table 2, Fig. 2).

Improved glycemic control in both groups post-surgery, with
a more pronounced early postprandial glucose response after
RYGB than OAGB
Because GLP-1 responses are tightly connected to glucose–insulin
dynamics, we also assessed glucose, insulin and C-peptide levels
post-surgery. Both fasting and postprandial responses (total AUCs)
for glucose, and C-peptide decreased substantially and similarly in
RYGB and OAGB (Table 3, Fig. 2), indicating improved glycemic
control from baseline to 6 and 12 months. From baseline to
12 months RYGB and OAGB led to -9% and -11% decrease in
glucose AUC and −19% and −19% decrease in C-peptide AUC,
respectively. Changes in insulin AUC were not statistically
significant. Additionally, postprandial dynamics shifted towards a

more heightened and earlier-peaking profile. Glucose and insulin
peaked already at 15–30min (vs. 30–60min at baseline), and
C-peptide at 60 min (vs. 120 min at baseline), gradually returning
to fasting levels already by 180–240min within both groups at
both time points.
The most notable differences between surgeries emerged in the

early postprandial phase. Increases in early glucose AUC
(0–60min) were 17% and 19% greater, and peak glucose
concentration (at ~30 min) were 18% and 28% greater after RYGB
compared with OAGB at 6 and 12 months, respectively (p < 0.05),
suggesting faster glucose absorption in the RYGB group. While
numerically insulin and C-peptide peak concentrations and early
AUCs followed a similar pattern, we could not confirm statistical
difference between groups.

Reduced hunger measured by VAS scale in RYGB compared
with OAGB during weight loss, but no observable differences
in satiety or nausea between operations
To test whether differences in GLP-1 or glucose dynamics
translated into subjective appetite sensations, we assessed fasting
and postprandial hunger, satiety and nausea during the MMT.
Baseline scores did not differ between RYGB and OAGB (Fig. 3,
Supplementary Table 1). At 12 months, RYGB showed a greater
reduction in postprandial hunger than OAGB (−26% vs. +12%,
p= 0.038, respectively), and this difference remained significant
after adjusting for baseline values. Changes in satiety did not differ
between procedures. The proportion of participants reporting
nausea increased from baseline to 6 and 12 months in both
groups, with no between-group differences (p > 0.81).
Changes in GLP-1 AUC were not associated with changes in

hunger or satiety from baseline to 6 or 12 months (Supplementary
Fig. 1). No significant associations were found with appetite
ratings and glucose or insulin measures.

Complete-case analysis supports robustness of the results
Because AUCs and peak values are derived from multiple time
points, a single missing sample can preclude calculation and
unnecessarily exclude otherwise informative participants. We
therefore used multiple imputation as the primary approach to
retain partially observed cases and improve precision while
reducing bias. As a sensitivity analysis, we repeated all models
in complete cases (Supplementary Tables 2–4). Estimates were
directionally and numerically concordant with the results from the
multiple-imputation analysis. As expected with fewer observa-
tions, confidence intervals were typically wider. For GLP-1, the 12-
month peak between-group difference in change remained
significant, whereas the 6-month peak and 12-month early AUC
differences were similar in magnitude but not statistically
significant. For insulin, the complete-case analysis yielded
between-group differences of similar magnitude but with smaller
p-values than the multiple-imputation analysis. Taken together,
these findings support the robustness of our conclusions.

DISCUSSION
This study provides new insights into the GLP-1 and secretin
responses as well as glucose and insulin dynamics induced by
RYGB and OAGB up to one year after surgery. Both procedures
resulted in a marked increase in postprandial GLP-1 concentra-
tions, with RYGB eliciting a higher increase in early-phase
response compared to OAGB. Additionally, early glucose response
in RYGB was elevated compared to OAGB, and subjective hunger
sensations were more reduced. In contrast, secretin levels
remained largely unchanged following either procedure. These
findings underscore that variations in bariatric surgery techniques
can alter gut hormone responses, highlighting the benefits but
also the differences of RYGB and OAGB in restoring metabolic
health.
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Our results reveal a slightly higher peak and early GLP-1
response following RYGB than OAGB, which coincided with a
greater early glucose response. The increased GLP-1 levels
following RYGB are well established [19], but less investigated

after OAGB. Only one cross-sectional pilot study directly compared
GLP-1 levels between RYGB and OAGB, finding no significant
differences in peak or total AUC values at 2 years [22]. The
amplified early GLP-1 and glucose responses after RYGB may have
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both metabolic and clinical implications. Beyond enhancing
insulin and glucagon secretion, GLP-1 plays a central role in
satiety regulation, appetite suppression, and even maintenance of
mood and cognition [31, 32]. Its receptors are widely distributed
across multiple organs. GLP-1-based therapies have transformed
the treatment for T2DM and obesity, with expanding use in
cardiovascular, renal, and neurodegenerative diseases [32, 33].
Thus, even small variations in GLP-1 responses may influence
metabolic outcomes. The sharper glycemic response after RYGB
may support more rapid early glucose control and improve satiety
but could also increase the risk of post-bariatric hypoglycemia
[34]. Additionally, large postprandial glucose peaks have been
associated with vascular risk markers such as atherosclerosis [35],
arterial pulse pressure and hypertension in non-surgical samples
[36]. However, whether the observed differences translate into
clinical outcomes remains to be studied. The metabolic benefits of
both operations are nevertheless evident.
In contrast to GLP-1, the role of secretin after bariatric surgery

remains unclear. Our data showed no significant changes in
secretin levels after RYGB or OAGB up to one year, which differs
from earlier short-term studies [7, 20]. These discrepancies may
reflect methodological differences, shorter follow-up durations, or
physiological adaptation over time. While rodent studies suggest
that RYGB upregulates intestinal secretin gene expression [37] this
has not been confirmed in humans [38]. Interestingly, secretin
receptor knockout mice maintain normal food intake and weight,
suggesting that chronic absence of secretin signaling may not
mirror the acute effects observed with pharmacological stimula-
tion [39]. Despite these uncertainties, secretin remains a promising
target for obesity treatment. Experimental studies in mice show
that secretin analogues can increase energy expenditure, reduce
food intake, and enhance glucose tolerance [37, 40], especially
when combined with GLP-1 receptor agonists [41]. Additionally,
secretin stimulates brown adipose tissue thermogenesis in
rodents and humans [39], and a recent RCT showed that
supraphysiological secretin infusion reduced food intake in
healthy men [42]. Given its widespread receptor expression across
multiple tissues [43], secretin may have broader metabolic effects.
Our study shows a greater and more sustained reduction in

postprandial hunger after RYGB compared with OAGB. Notably,

only RYGB led to a consistent decrease in postprandial hunger;
however, this did not translate into satiety experiences. Previous
research has demonstrated that postprandial hunger typically
decreases after RYGB and sleeve gastrectomy alongside increased
satiety [44, 45]. However, similar data following OAGB are lacking.
Importantly, RYGB patients often report not feeling deprived or
hungry, even while in steep negative energy balance [46]. In our
study, the decreases in hunger co-occurred with increases in early
GLP-1 after RYGB; however, we did not observe clear association
between them. While GLP-1 elevations are generally linked to
greater satiety on VAS scales [24] after RYGB, comparable
evidence after OAGB is missing. Concerning the increase in
postprandial nausea, our cohort aligns with earlier studies using
patient-reported outcomes by questionnaires [47]. The clinical
relevance of the relationship between reduced hunger and
increased GLP-1 in relation to different bariatric procedures still
warrants further investigation. Nevertheless, VAS scores are a
subjective rating and should be treated as such.
The distinct responses between RYGB and OAGB likely reflect

their anatomical differences. Although we standardized lengths
of the bypassed intestines, the configurations still differ. In RYGB,
nutrients pass ~130 cm alone along the alimentary limb before
mixing with secretions that have traveled ~80 cm through the
biliopancreatic limb, while in OAGB, nutrients bypass whole of
the ~210 cm before meeting secretions directly at the gastro-
jejunostomy. Thus, RYGB delays nutrient–secretion contact
proximally, whereas OAGB provides immediate mixing distally.
This can contribute to procedure-specific differences in nutrient
absorption and hormone dynamics [18, 25]. RYGB rapidly delivers
nutrients to the distal intestine, accelerating glucose absorption
and triggering a pronounced insulin and GLP-1 release [9]. This is
likely further enhanced by an increase in GLP-1–expressing
L-cells in the gut mucosa [9, 16, 17], and gut mucosa hyperplasia
that increases intestinal glucose disposal after RYGB [16].
Although similar mechanisms may operate after OAGB, the
response appears less exaggerated. While RCTs with standar-
dized limb lengths report similar weight loss and metabolic
improvements between RYGB and OAGB up to 1–2 years (14–16),
our findings indicate that the two procedures nevertheless elicit
distinct postprandial responses.

0

25

50

75

100

0 15 30 60 12
0

18
0

24
0

36
0

Time (min)

H
un

ge
r 

(0
−1

00
)

Baseline
A

0

25

50

75

100

0 15 30 60 12
0

18
0

24
0

36
0

Time (min)

H
un

ge
r 

(0
−1

00
)

6 months

0

25

50

75

100

0 15 30 60 12
0

18
0

24
0

36
0

Time (min)

H
un

ge
r 

(0
−1

00
)

12 months

0

25

50

75

100

0 15 30 60 12
0

18
0

24
0

36
0

Time (min)

S
at

ie
ty

 (
0−

10
0)

B

0

25

50

75

100

0 15 30 60 12
0

18
0

24
0

36
0

Time (min)

S
at

ie
ty

 (
0−

10
0)

0

25

50

75

100

0 15 30 60 12
0

18
0

24
0

36
0

Time (min)

S
at

ie
ty

 (
0−

10
0)

RYGB OAGB

Fig. 3 Postprandial hunger and satiety. Postprandial visual analogue scale (VAS, 0–100) scores for A hunger and B satiety during the
360-minute mixed meal test at baseline and at 6 and 12 months after Roux-en-Y gastric bypass (RYGB, red) and one anastomosis gastric
bypass (OAGB, blue). Data are shown as pooled means with standard deviations. Units are indicated on the Y-axis; sampling time points
(minutes) are shown on the X-axis.
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The strengths of our study include its underlying randomized
controlled design, standardized surgical techniques, and well-
matched cohorts in terms of sex, age, and T2DM status.
Importantly, this is the first study to assess postprandial GLP-1,
secretin, glucose, insulin, and C-peptide profiles between RYGB
and OAGB over a one-year period. A limitation may be the missing
MMT data points in few of the persons, which is typical of this
method. However, imputed and complete-case analyses yielded
results similar in direction and magnitude, confirming that our
approach to handling missingness was suitable for the study. In
addition, longer follow-up may be needed to fully understand the
long-term metabolic implications of these hormonal differences.

CONCLUSIONS
In this study, we show that both RYGB and OAGB led to striking
increases in postprandial GLP-1 levels together with improved
glycemic control while secretin levels remained unchanged. RYGB
elicited a more pronounced early postprandial GLP-1 and glucose
responses than OAGB, suggesting differential metabolic responses
between the procedures that may influence surgical outcomes
and potential patient selection.
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