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ABSTRACT

INTRODUCTION Type 2 diabetes mellitus (T2DM), a chronic metabolic disease, affects millions of people
worldwide, causes numerous complications, (eg, cardiovascular disease, kidney damage, neuropathy),
and is strongly associated with obesity, a primary risk factor for its development and progression. In this
paper, we presented 10-year outcomes of patients with T2DM who underwent metabolic and bariatric
surgery (MBS), focusing on factors contributing to T2DM remission.

AIM  This 10-year study evaluated MBS efficacy, focusing on T2DM remission predictors and complications.
MATERIALS AND METHODS \We analyzed data of 113 patients with T2DM who underwent primary MBS
between 2008 and 2014. Individuals with missing/inconsistent data or follow-up shorter than10 years
were excluded. Information on surgery and treatment outcomes (described via standardized reporting)
was analyzed.

RESULTS The most frequently performed surgery was sleeve gastrectomy (57.5%). Among the analyzed
cohort, 10 years postsurgery, 80 patients (70.8%) experienced T2DM remission, 19 (16.8%) T2DM im-
provement, and 14 (12.4%) had no T2DM-related changes. Median (interquartile range) follow-up was
10.9(10.4-11.7) years. Multivariable logistic regression showed that T2DM duration of over 10 years was
associated with lower likelihood of T2DM remission, whereas the type of surgery was not a significant
factor influencing it. However, undergoing one anastomosis gastric bypass (D0AGB) tended to increase
the probability of T2DM remission.

concLusions  Although T2DM duration remains a significant predictor of remission, the study suggests
a potential trend toward higher remission rates after 0AGB, which requires confirmation in larger studies.

INTRODUCTION Type 2 diabetes mellitus (T2DM)
affects millions of people globally. It is a chronic
metabolic disorder characterized by various com-
plications, including neuropathy, renal damage,
and cardiovascular disease."? There is a robust
correlation between T2DM and obesity, the latter
being a major driver of the disease onset and ad-
vancement.? While conventional management has
prioritized pharmacological interventions—such

as insulin and oral agents—alongside dietary and
exercise-based lifestyle changes, these standard
approaches often fail to provide sustained glyce-
mic control or effectively mitigate complication
risks in populations with obesity. In response
to these challenges, metabolic and bariatric sur-
gery (MBS) is being considered as a potential so-
lution for patients with severe obesity and con-
comitant T2DM.*
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FIGURE 1 Flowchart of the study

TABLE 1 Characteristics of the study patients and procedures (n = 113)

Variable Value

Age, y 51 (42-62)
Sex Men 69 (61)

Women 44 (39)
Preoperative BMI, kg/m? 41,5 (37.3-46.3)
Follow-up, y 10.9 (10.4-11.7)
Length of hospital stay, d 4 (3-6)
Operative time, min 100 (70-140)
Type of surgery SG 65 (57.5)

RYGB 21(18.6)

0AGB 27 (23.9)

Data are presented as median (interquartile range) or number (percentage).

Abbreviations: BMI, body mass index; 0AGB, one anastomosis gastric bypass;
RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy

Numerous studies have shown that MBS not
only leads to significant weight loss but also im-
proves metabolic parameters, including glyce-
mic control.®7 There is considerable evidence in-
dicating that, in patients with T2DM, MBS can
improve insulin sensitivity, reduce the need for
diabetes medications, and, in many cases, even
contribute to lasting remission of the disease.®?

AIM  The aim of this study was to report 10-year
outcomes of the patients with T2DM who un-
derwent MBS, with a focus on factors contribut-
ing to T2DM remission and postoperative com-
plications, to assess the sustainability of surgi-
cal treatment effects and their potential role in
managing T2DM.

MATERIALS AND METHODS Patients This was
a multicenter, retrospective analysis of individ-
uals with T2DM who underwent MBS between
2008 and 2014 in Poland. The study, which was

carried out under the auspices of the Metabol-
ic and Bariatric Surgery Chapter of the Associa-
tion of Polish Surgeons, included patients from
5 high-volume Polish bariatric centers. The inclu-
sion criteria were eligibility for MBS and a history
of T2DM. Individuals who underwent a revision-
al bariatric procedure, had missing or inconsis-
tent data, and those with follow-up shorter than
10 years were excluded from the study.

Data collection The database included demo-
graphic characteristics of the patients (sex, age,
maximum weight, preoperative body weight, and
body mass index [BMI]), information on obesity-
-related diseases, such as T2DM, hypertension,
obstructive sleep apnea, and gastroesophageal re-
flux disease, and data on a history of laparoscop-
ic MBS procedures. Information on surgery (type
of surgery, operative time, length of hospital stay,
complications) and treatment outcomes (cur-
rent body weight and BMI, remission of obesity-
-related diseases) was analyzed on the basis of
standardized reporting.® T2DM remission was
defined as having normal glucose metabolism
(ie, glycated hemoglobin [HbA, ] <6.5% or fast-
ing blood glucose <125 mg/dl) in the absence of
antidiabetic medications. %TWL was calculat-
ed as (initial weight — current weight) / initial
weight x 100, while %3 EWL was calculated as (ini-
tial weight — current weight) / (initial weight -
ideal weight) x 100. The patients were divided
into 2 groups: the responders (R group), compris-
ing patients with T2DM remission, and the non-
responders (NR group), encompassing patients
without T2DM remission. All results correspond-
ed to the follow-up duration.

Surgical techniques and preoperative care All bar-
iatric procedures were performed laparoscopical-
ly. From the database of operations, only prima-
ry surgeries were analyzed: sleeve gastrectomy
(SG), Roux-en-Y gastric bypass (RYGB), and one
anastomosis gastric bypass (OAGB). The surgi-
cal procedures were performed in accordance
with the guidelines.'® SG was performed with
a 36F bougie, starting 4-6 cm from the pylo-
rus. For RYGB, the biliopancreatic limb length
was approximately 100 cm, and alimentary limb
length was approximately 150 cm. In OAGB,
the length of the biliopancreatic limb was ap-
proximately 200 cm from the ligament of Treitz.
Pre-, peri-, and postoperative protocols were
standardized in each participating center.

Statistical analysis A descriptive statistical anal-
ysis was conducted. All data were analyzed using
Statistica software, version 13 PL (TIBCO Soft-
ware Inc., Palo Alto, California, United States).
The normality of the data was checked using
the Shapiro-Wilk test. Continuous values were
presented as medians with interquartile ranges
(IQRs). The Mann-Whitney test was used for
continuous variables. Qualitative variables were
compared using the Pearson y? test. Significant
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TABLE 2 Characteristics and outcomes of the study patients

Variable Responders (n = 80) Nonresponders (n = 33) P value
Sex Men 36 (45) 10 (31) 0.16
Women 44 (55) 23 (69)
Age, y 50.5 (44-62) 50.1 (36-63) 0.8
BMI, kg/m? Preoperative BMI  28.7 (25.5-31.2) 29.7 (27.7-34.7) 0.03
Lowest BMI 28.7 (25.5-31.2) (27.7-34.7) 0.04
Current BMI 31.6 (27.2-34.1) 32.9 (28.7-39) 0.09
Time to lowest BMI, y 2 (1-5.5) 2(1-2) 0.27
%TWL 23.1 (16.7-30.3) 23.1 (14.4-32.5) 0.9
%EWL 61.6 (43.8-86.1) 62.7 (35.8-75.1) 0.4
Time to T2DM remission, mo 1(1-12) n/a n/a

Data are presented as median (interquartile range) or number (percentage).

a Data available for 43 patients

Abbreviations: %EWL, percentage of excess weight loss; n/a, not applicable; T2DM, type 2 diabetes mellitus; %TWL, percentage of total weight loss;

others, see TABLE 1
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variables in univariable logistic regression mod-
els (P <0.1) were then adjusted in a multivari-
able analysis to obtain significant, independent
risk factors, and to calculate the odds ratio (OR)
with 95% CI. P values below 0.05 were consid-
ered significant.

Ethics The data were completely anonymized.
The study was conducted in accordance with
the ethical standards of the 1964 Declaration
of Helsinki and its subsequent amendments,
and approved by the Bioethics Committee of
the University of Warmia and Mazury in Olsz-
tyn (10/2024).

RESULTS The total study population consist-
ed of 1703 patients. Individuals lost to follow-
-up were excluded from the analysis (FIGURE 1).
Ultimately, the BARI-10-POL (Bariatric Ten
Years Outcomes in Poland) database'! includ-
ed 485 patients, with a follow-up rate of 28.5%.
For this analysis, we included individuals with
T2DM and excluded those with missing data
or subjected to revisional surgery. The final co-
hort comprised 113 patients. The participants
were divided into 2 groups: the R group and
the NR group. Median (IQR) age was 51 (42-62)
years, and median (IQR) preoperative BMI was
41.5 (37.3-46.3) kg/m? (TABLE 1).

The most frequently performed surgery
was SG (57.5%; TABLE 2). As many as 80 pa-
tients (70.8%) experienced T2DM remission,
19 (16.8%) had improvements in T2DM control,
and 14 (12.4%) experienced no changes relat-
ed to T2DM. Median (IQR) follow-up time was
10.9 (10.4-11.7) years.

The patients in the R and NR groups did
not differ significantly in terms of sex, age,
current BMI or time to achieve it, %TWL, or
%EWL (1ABLE 2). Differences were observed in
the preoperative BMI and the lowest achieved
BMI (P = 0.03 and P = 0.045, respectively).

Median (IQR) time to T2DM remission was
1 (1-12) months.

All available factors contributing to T2DM re-
mission were analyzed via univariable logistic re-
gression models. Preoperative BMI, type of sur-
gery, operative time, and minimal achieved BMI
were significantly associated with the likelihood
of T2DM remission (TABLE 3). All significant fac-
tors in the univariable logistic regression were ad-
justed for in the multivariable analysis. Accord-
ing to the multivariable logistic regression anal-
ysis, T2DM duration of more than 10 years was
found to decrease the likelihood of T2DM remis-
sion (OR, 0.043; P = 0.001), whereas the type of
surgery was not significantly associated with it.
However, undergoing OAGB tended to increase
the probability of T2DM remission (OR, 6.424;
P =0.06).

Eleven complications (9.7%) occurred among
the study group. There were 4 Clavien-Dindo
grade III complications (3.5%) within 30 days
postoperatively: 1 intraperitoneal bleeding (0.9%)
and 3 cases (2.7%) of leakage. There were 3 in-
traoperative iatrogenic injuries to the intestine
(2.7%), which were treated during the primary
procedure. There were 4 cases (3.5%) of rhab-
domyolysis. No postoperative deaths occurred.

DISCUSSION Our study is a retrospective anal-
ysis of 113 patients with T2DM who underwent
MBS at least 10 years ago. To our knowledge, this
is one of the few studies assessing factors associ-
ated with T2DM remission in a long-term (210 y)
follow-up. The analysis is based on the data from
a Polish project called BARI-10-POL." In our
study, the remission rate of T2DM was 70.8%.
In the published research, it is highly variable,
ranging from 26% in the SLEEVEPASS study"?
to the values achieved in our analysis and in
a study by Shahmiri et al.'3 As reported previ-
ously, this rate depends on many factors, most im-
portantly are patient age and disease duration.!*18
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TABLE 3 Univariable and multivariable logistic regression analyses factors predicting type 2 diabetes mellitus remission

Parameter Univariable analysis Multivariable analysis
95% Cl P value 95% Cl P value
Female sex 1.404 0.6-3.29 0.43 - - -
Age 1.007 0.98-1.04 0.65 - - -
Preoperative BMI 0.941 0.89-1 0.048 1.008 0.91-1.11 0.88
Type of surgery RYGB 0.375 0.14-1.03 0.06 0.473 0.1-2.17 0.34
0AGB 3.304 0.89-12.3 0.08 6.424 0.93-44.21 0.06
Complications 0.906 0.23-2.89 0.74 - - -
T2DM duration 5-10y 0.331 0.08-1.48 0.15 0.201 0.04-1.05 0.06
(reference <5y) >10y 0.059 0.01-0.29 0.001 0.043 0.01-0.26 0.001
Medications Oral drugs 0.261 0.03-2.23 0.22 - - -
Insulin 0.231 0.03-2.02 0.19 - - -
Comorbidities Hypertension ~ 0.475 0.15-1.53 0.21 - - -
GERD 0.788 0.29-2.17 0.65 - - -
0SA 0.811 0.19-3.46 0.78 - - -
Current BMI 0.952 0.9-1.01 0.12 - - -
%EWL 1.006 1-1.02 0.31 - - -
%TWL 1.001 0.98-1.03 0.94 - - -
Lowest BMI 0.928 0.86-1 0.06 0.932 0.08-1.09 0.37

Abbreviations: OR, odds ratio; GERD, gastroesophageal reflux disease; OSA, obstructive sleep apnea; others, see TABLES 1 and 2

The participants in our study were relatively
young (median [IQR] age, 51 [42-62] y), and al-
most half of them underwent malabsorptive MBS,
which also favors TD2M remission.!” Our work as-
sessed the remission of T2DM following various
types of bariatric procedures, and analyzed fac-
tors contributing to its occurrence using univari-
able and multivariable logistic regression mod-
els. Specifically, preoperative BMI, type of sur-
gery, operative time, and the lowest postoperative
BMI achieved significantly influenced the odds of
T2DM remission.

As compared with recent findings, Moradi et al'®
reported that MBS substantially improved long-
-term T2DM remission, with RYGB resulting in
the highest remission rates after 1 year. Howev-
er, after 3 years, the effectiveness of OAGB in
the treatment of T2DM increased. We obtained
similar results. Although the type of surgery was
not a significant factor in our study, OAGB tend-
ed to increase the likelihood of T2DM remission
(OR, 6.424; P = 0.06).

Studies by Jans et al'® and Gavira et al'® empha-
sized that the duration of T2DM remains a critical
determinant for T2DM remission. This finding is
in line with our observations, which demonstrat-
ed that T2DM duration of over 10 years notably
decreased the likelihood of T2D remission (OR,
0.043; P = 0.001). Liagre et al?® specifically em-
phasized the effectiveness of OAGB, reinforcing
our findings that this procedure may yield supe-
rior metabolic outcomes. Similarly, Lafarge et al?!
investigated the relationship between preopera-
tive BMI and remission in patients with T2DM,
reporting that a higher BMI was associated with

a decreased likelihood of remission, which aligns
with our results.

Moradi et al'® and Dicker et al?2 examined vari-
ous bariatric procedures and reported that, while
all types significantly contribute to T2DM remis-
sion, individual patient factors—such as BMI and
disease duration—play crucial roles in predicting
outcomes. This comprehensive review of literature
further supports our emphasis on patient selec-
tion and preoperative assessment.

We observed no significant association be-
tween %TWL or %EWL and T2DM remission.
Although weight loss is traditionally considered
an important determinant of metabolic improve-
ment, several studies suggest that metabolic ef-
fects of bariatric surgery may occur partially in-
dependently of weight reduction, and may be re-
lated to hormonal and incretin-mediated mech-
anisms.2324 Therefore, factors, such as pancreat-
ic B-cell function and T2DM duration, may play
a more important role in long-term remission.
However, the relatively small sample size of our
study may have also limited the possibility of de-
tecting subtle associations between weight loss
parameters and T2DM remission.

There is a growing consensus about a new par-
adigm for managing T2DM, one that emphasiz-
es the development of individualized treatment
strategies to improve patient outcomes. This view-
point supports our call for expanded research
with larger patient cohorts and extended follow-
-ups, aimed at refining surgical approaches to
achieve optimal metabolic outcomes.?® The re-
sults of such long-term observations have clini-
cal implications not only for selecting the most
suitable, patient-tailored procedures, but also for
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estimating potential outcomes, which may indi-
rectly improve patient compliance.

Although we did not assess patient quality of
life using validated questionnaires, it can be as-
sumed that medication discontinuation or im-
proved glycemic control may have increased it.
During follow-up visits in hospital clinics, the pa-
tients often emphasized considerable improve-
ments in quality of life after MBS, which has also
been highlighted in many studies published thus
far.26

A decade of post-MBS follow-up is very long.
During this period, very effective drugs have
been introduced for the treatment of T2DM
and obesity, and many new bariatric procedures
have emerged. Those that are very promising in
terms of both weight loss and T2DM remission
are single-anastomosis duodenoileal bypass with
SG (SADI-S) and single-anastomosis sleeve ileal
(SASI) bypass.?"-28 Future studies should validate
these findings and explore the mechanistic path-
ways through which both “old” operations (eg,
OAGB, RYGB) and new techniques (eg, SADI-S,
SASI) may enhance T2DM remission, contribut-
ing to the evolving landscape of MBS.

Limitations The study has several limitations.
The major limitation is the relatively low follow-
-up rate (28.5%), which results from the long ob-
servation period and the multicenter design of
the study. The follow-up rate ranged from 15% to
67% between the participating centers. However,
in the initial analyses, median outcomes did not
differ significantly between the centers, which
may partially minimize the potential impact of
follow-up bias. The other limitations of the study
were its retrospective nature and the fact that
it was performed at different centers, which re-
sulted in different patient management proto-
cols. We are aware of certain incompleteness of
the data. There is a lack of detailed metabolic
predictors, such as preoperative HbA, , C-pep-
tide levels, and detailed pharmacological treat-
ment data. These parameters are known predic-
tors of diabetes remission and their absence lim-
its the robustness of the predictive model. An-
other limitation is the relatively small number
of patients undergoing OAGB. Therefore, the ob-
served trend toward higher remission rates after
OAGB should be interpreted with caution and re-
quires confirmation in larger cohorts. This study
was also affected by the lack of longitudinal lab-
oratory data, including HbA, , during follow-up.
Consequently, remission was assessed based on
the last available follow-up visit at least 10 years
after surgery, which does not allow for evalua-
tion of remission durability or relapse rates. De-
spite these limitations, our findings may be use-
ful for predicting TD2M remission in a group of
patients with obesity.

CONCLUSIONS After a 10-year follow-up,
70.8% of the patients achieved T2DM remission,
while 16.8% experienced improvement. Factors

significantly influencing T2DM remission in-
cluded a lower preoperative BMI and the lowest
achieved BMI. Additionally, T2DM duration of
over 10 years significantly reduced the likelihood
of remission. Our study suggests a potential trend
toward higher remission rates after OAGB, which
requires confirmation in larger studies.
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