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Over the past two decades, bariatric surgery has 
evolved from a purely weight-loss intervention 

into an effective metabolic treatment. Landmark ran-
domized trials have demonstrated superior glycemic 
control and higher rates of diabetes remission follow-

ing bariatric surgery compared with intensive medical 
therapy alone. Furthermore, long-term follow-up stud-
ies have confirmed the durability of these benefits, with 
metabolic improvements persisting for up to 10 years 
after surgery [1, 2].

ABSTRACT
OBJECTIVE: The long-term effects of bariatric surgery on glucose metabolism are well established; however, comparative 
data regarding glycemic outcomes after laparoscopic sleeve gastrectomy (LSG) and Roux-en-Y gastric bypass (RNYGB) in 
patients with pre-operative dysglycemia remain limited. This study aimed to compare 5-year glycemic outcomes following LSG 
and RNYGB in patients with prediabetes or Type 2 diabetes mellitus.

METHODS: This retrospective cohort study included patients with pre-operative dysglycemia (HbA1c ≥5.7%) who under-
went primary LSG or RNYGB between January 2010 and December 2021 at a tertiary referral center and had at least 5 years 
of follow-up. Demographic characteristics, HbA1c levels, weight loss outcomes, and glycemic status were evaluated. Glycemic 
status was categorized as diabetes, prediabetes, or normal glycemia according to HbA1c levels.

RESULTS: A total of 142 patients were included, of whom 107 underwent LSG and 35 underwent RNYGB. Baseline HbA1c 
levels were similar between groups (7.70±1.83% vs. 6.87±1.53%, p=0.619). At 5 years, mean HbA1c was significantly lower 
in the RNYGB group compared with the LSG group (5.57±0.64% vs. 5.85±0.68%, p=0.033). Total weight loss percent-
age was greater after RNYGB (28.13±13.79% vs. 24.04±10.72%), although the difference was not statistically significant 
(p=0.084). Significant improvement in glycemic status was observed following bariatric surgery (p<0.001). At 5 years, normal 
glycemia was achieved in 44 (41.1%) patients after LSG and 22 (62.9%) patients after RNYGB, whereas persistent diabetes 
was observed in 10 (9.3%) and 2 (5.7%) patients, respectively.

CONCLUSION: Bariatric surgery resulted in significant long-term improvement in glycemic status among patients with 
pre-operative dysglycemia. Although both LSG and RNYGB effectively reduced the prevalence of diabetes and prediabetes, 
RNYGB was associated with lower HbA1c levels and a higher proportion of patients achieving normal glycemia at 5 years. 
These findings suggest that RNYGB may provide superior long-term glycemic outcomes in patients with obesity-associated 
dysglycemia.
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The growing evidence supporting metabolic surgery 
has led to significant changes in international treatment 
recommendations. Metabolic surgery is now recognized 
as an effective therapeutic option for patients with obe-
sity and type 2 diabetes mellitus (T2DM) and has been 
incorporated into treatment algorithms by major inter-
national diabetes and surgical societies [3]. More re-
cently, an international consensus statement established 
standardized definitions for diabetes remission, further 
emphasizing the role of surgery in the management of 
obesity-associated dysglycemia [4].

Identification of factors associated with long-term 
metabolic success after bariatric surgery has become an 
area of increasing interest. In a previous study from our 
institution, elevated pre-operative HbA1c levels were 
associated with less favorable long-term weight loss out-
comes, suggesting that pre-operative glycemic burden 
may influence post-operative results beyond diabetes re-
mission alone [5].

Among currently performed bariatric procedures, 
laparoscopic sleeve gastrectomy (LSG) and Roux-en-Y 
gastric bypass (RNYGB) are the two most commonly 
performed operations worldwide. Although both pro-
cedures produce substantial weight loss and metabolic 
improvement, previous comparative studies and meta-
analyses have suggested that RNYGB may provide supe-
rior diabetes remission and glycemic outcomes compared 
with LSG [6–8].

Therefore, the aim of the present study was to eval-
uate long-term glycemic outcomes in patients with pre-
operative dysglycemia (HbA1c ≥5.7%) undergoing LSG 
or RNYGB and to compare post-operative glycemic sta-
tus and HbA1c levels at 5 years following surgery.

MATERIALS AND METHODS

Study Design and Patient Selection
This retrospective cohort study was conducted at a ter-
tiary referral center specializing in bariatric and meta-
bolic surgery. The institutional database was reviewed 
to identify all patients who underwent primary LSG or 
RNYGB between January 2010 and December 2021.

Patients were eligible for inclusion if they had a pre-
operative HbA1c level of ≥5.7%, indicating prediabetes 
or T2DM, and had at least 5 years of post-operative fol-
low-up data available. Patients with normal pre-operative 
glycemic status (HbA1c <5.7%), those who underwent 
revisional bariatric procedures, patients with incomplete 

pre-operative metabolic data, and those with <5 years of 
follow-up were excluded. Fourteen patients who did not 
continue with the 5-year follow-up and three patients 
who underwent gastrointestinal surgery were excluded 
from the study. Patients were evaluated with blood tests 
during routine check-ups, and vitamin and mineral sup-
plements were prescribed to address any deficiencies.

The study was conducted in accordance with the 
principles of the Declaration of Helsinki and was ap-
proved by the Scientific Research Ethics Committee of 
Fatih Sultan Mehmet Training and Research Hospital 
(approval no: 2026-05; approval date: 30.06.2026).

Data Collection
Demographic, clinical, and laboratory data were extracted 
from electronic medical records. Collected variables in-
cluded age, sex, type of bariatric procedure, pre-operative 
HbA1c levels, and post-operative HbA1c levels at the 5th 
post-operative year. Weight loss outcomes were assessed 
using total weight loss percentage (TWL%).

Patients were categorized according to their pre-oper-
ative glycemic status as prediabetes (HbA1c 5.7–6.4%) 
or diabetes mellitus (HbA1c ≥6.5%). At the 5th post-
operative year, glycemic status was classified as normal 
glycemia (HbA1c <5.7%), prediabetes (HbA1c 5.7–
6.4%), or diabetes mellitus (HbA1c ≥6.5%).

Outcomes
The primary outcome was glycemic status at 5 years af-
ter surgery. Secondary outcomes included changes in 
HbA1c levels and TWL%.

For patients with pre-operative diabetes mellitus, 
post-operative glycemic outcomes were further catego-
rized as:
•	 Complete remission: Transition from diabetes to nor-

mal glycemia (HbA1c <5.7%)

Highlight key points

•	 Bariatric surgery provided significant long-term improve-
ment in glycemic status in patients with pre-operative dysg-
lycemia. 

•	 Both sleeve gastrectomy and Roux-en-Y gastric bypass ef-
fectively reduced diabetes and prediabetes at 5 years.

•	 Roux-en-Y gastric bypass achieved significantly lower HbA1c 
levels than sleeve gastrectomy after 5 years.

•	 Superior glycemic outcomes after Roux-en-Y gastric bypass 
occurred despite similar long-term weight loss.



Tasdelen and Gunes. Five-year glycemic outcomes after bariatric surgery 457 

•	 Partial remission: Transition from diabetes to predia-
betes (HbA1c 5.7–6.4%)

•	 Persistent diabetes: HbA1c ≥6.5% at 5 years postop-
eratively.

Statistical Analysis
Continuous variables were expressed as mean±standard 
deviation, while categorical variables were presented as 
frequencies and percentages. Comparisons between the 
LSG and RNYGB groups were performed using the in-
dependent samples t-test for continuous variables and 
the Chi-square test or Fisher’s exact test for categorical 
variables, as appropriate.

A two-sided p<0.05 was considered statistically sig-
nificant. Statistical analyses were performed using IBM 
Statistical Package for the Social Sciences Statistics soft-
ware (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 142 patients with pre-operative dysglycemia 
(HbA1c ≥5.7%) and at least 5 years of follow-up were 
included in the study. Of these, 107 patients underwent 
LSG and 35 underwent RNYGB.

Baseline characteristics and metabolic outcomes 
are summarized in Table 1. Patients in the RNYGB 
group were significantly older than those in the LSG 
group (45.20±9.47 vs. 40.65±9.70 years, p=0.017). 
The proportion of female patients was similar be-
tween groups (91.4% vs. 82.2%, p=0.192). Pre-op-
erative HbA1c levels did not differ significantly be-
tween the two groups (6.87±1.53% vs. 7.70±1.83%, 
p=0.619). At the 5th post-operative year, mean 

HbA1c levels were significantly lower in the RNYGB 
group compared with the LSG group (5.57±0.64% 
vs. 5.85±0.68%, p=0.033). TWL% was numerically 
greater after RNYGB than after LSG (28.13±13.79% 
vs. 24.04±10.72%); the difference did not reach statis-
tical significance (p=0.084).

Changes in glycemic status between baseline and 
the 5th post-operative year are presented in Table 2. 
In the LSG group, 70 patients had pre-operative dia-
betes, and 37 had pre-operative prediabetes. At 5 years, 
44 patients achieved normal glycemia, 53 remained in 
the prediabetic range, and 10 had persistent diabetes. 
In the RNYGB group, 19 patients had pre-operative 
prediabetes, and 16 had pre-operative diabetes. At the 
5th post-operative year, 22 patients achieved normal 
glycemia, 11 remained prediabetic, and only two pa-
tients had persistent diabetes.

Overall, bariatric surgery resulted in a significant im-
provement in glycemic status, with a marked shift from 
diabetes and prediabetes toward normal glycemia at 5 
years postoperatively (p<0.001). The distribution of 
post-operative glycemic outcomes is illustrated in Figure 
1. Patients undergoing RNYGB demonstrated a higher 
proportion of normal glycemia and a lower proportion 
of persistent diabetes compared with those undergoing 
LSG. Notably, the more favorable 5-year glycemic out-
comes in the RNYGB group were observed despite the 
significantly older age of these patients, which would gen-
erally be expected to negatively affect long-term glycemic 
improvement.

Table 1.	 Comparison of LSG and RNYGB groups

Variables
LSG 

(n=107)

RNYGB 

(n=35)
p

Age (years) 40.65±9.70 45.20±9.47 0.017

Female sex, (%) 82.2 91.4 0.192

HbA1c pre-operative (%) 7.70±1.83 6.87±1.53 0.619

HbA1c at 5 years (%) 5.85±0.68 5.57±0.64 0.033

TWL (%) 24.04±10.72 28.13±13.79 0.084

LSGL: Laparoscopic sleeve gastrectomy; RNYGB: Roux-en-Y gastric bypass; 
TWL: Total weight loss.

Table 2.	Changes in glycemic status from baseline to 5 years 
after surgery

Pre-operative
Post-operative 

5 years
p

LSG (%) n=107 <0.001

Diabetes 65.4 9.3

Prediabetes 34.6 49.5

Normal glycemia 0 41.1

RNYGB (%) n=35

Diabetes 54.3 5.7

Prediabetes 45.7 31.4

Normal glycemia 0 62.9

LSG: Laparoscopic sleeve gastrectomy; RNYGB: Roux-en-Y gastric bypass.
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DISCUSSION

In the present study, bariatric surgery resulted in signif-
icant long-term improvement in glycemic status among 
patients with pre-operative dysglycemia. Both LSG and 
RNYGB were associated with a substantial reduction 
in the burden of diabetes and prediabetes, accompanied 
by a marked shift toward normal glycemia at 5 years af-
ter surgery. Furthermore, patients undergoing RNYGB 
achieved significantly lower HbA1c levels at long-term 
follow-up compared with those undergoing LSG.

An important observation in the present study was 
the favorable outcome among patients with pre-opera-
tive prediabetes. The majority of prediabetic patients ei-
ther achieved normal glycemia or remained within the 
prediabetic range, while progression to overt diabetes 
was uncommon. These findings suggest that bariatric 
surgery may alter the natural history of dysglycemia and 
potentially prevent progression toward established dia-
betes. Such observations further support current recom-
mendations advocating earlier metabolic intervention in 
selected high-risk patients [3, 4].

The comparison between procedures revealed signif-
icantly lower HbA1c levels at 5 years among patients 
undergoing RNYGB. Although both procedures pro-
duced substantial metabolic benefits, our findings are 
in agreement with previous comparative studies sug-
gesting superior glycemic outcomes after gastric by-
pass procedures. Borgeraas et al. [6] reported higher 
diabetes remission rates after RNYGB in their meta-
analysis, while McTigue et al. [7] and subsequent com-
parative studies similarly demonstrated more favorable 
long-term glycemic outcomes following bypass proce-
dures [6–8].

The mechanisms underlying these differences remain 
incompletely understood but are likely multifactorial. 
While weight loss is a major contributor to improved in-
sulin sensitivity, bariatric surgery also induces profound 
metabolic changes independent of weight reduction. Al-
terations in incretin secretion, gut hormone signaling, 
bile acid metabolism, intestinal glucose handling, and 
nutrient delivery have all been implicated in post-oper-
ative glycemic improvement [9–12]. These physiolog-
ical changes are generally more pronounced following 
RNYGB, potentially explaining the lower HbA1c levels 
observed in bypass patients despite similar weight loss 
outcomes.

Interestingly, despite achieving significantly lower 
HbA1c levels, patients undergoing RNYGB did not 
experience significantly greater total weight loss than 
those undergoing LSG. This observation supports the 
concept that long-term metabolic improvement cannot 
be explained solely by the magnitude of weight reduc-
tion. Previous studies have similarly demonstrated that 
diabetes remission and glycemic control are influenced 
by complex metabolic adaptations beyond simple weight 
loss alone [11–13].

Long-term observational studies have consistently 
confirmed the durability of metabolic improvements after 
bariatric surgery. Aminian and colleagues demonstrated 
sustained metabolic benefits and improved patient-re-
ported outcomes following metabolic surgery, while more 
recent investigations from large bariatric cohorts have re-
ported durable diabetes remission despite partial weight 
regain [13, 14]. Similarly, Meira et al. [15] reported per-
sistent diabetes remission beyond 10 years after bariatric 
surgery in a substantial proportion of patients. The re-
sults of the present study are in agreement with these 
findings and further support the long-term effectiveness 
of bariatric surgery in patients with dysglycemia.

This study has several limitations. The retrospective 
design, the relatively small sample size in the bypass 
group, and potential selection bias may have influenced 
the results. In addition, differences in post-operative 
follow-up and medical management may have affected 
long-term glycemic outcomes. The absence of multivari-
able adjustment and the relatively small, unequal sur-
gical groups limit causal interpretation of the observed 
differences. Nevertheless, the study possesses several 
strengths, including the evaluation of a well-defined dys-
glycemic population and the availability of long-term fol-
low-up extending to 5 years.

Figure 1. Five- year glycemic status by surgical procedure.
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Conclusion
Bariatric surgery resulted in significant long-term im-
provement in glycemic status among patients with pre-
operative dysglycemia. Both LSG and RNYGB effec-
tively reduced the burden of diabetes and prediabetes; 
however, RNYGB was associated with lower HbA1c 
levels and a greater proportion of patients achieving nor-
mal glycemia at 5 years. These findings support the role of 
metabolic surgery in the management of obesity-related 
dysglycemia and suggest that RNYGB may provide su-
perior long-term glycemic outcomes in selected patients.
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