Borges-Canha et al. BMC Endocrine Disorders (2024) 24:7 BMC Endocrine Disorders
https://doi.org/10.1186/512902-024-01537-0

: o s ®
Prediabetes remission after bariatric surgery: =

a 4-years follow-up study

Marta Borges-Canha'>'®, Jodo Sérgio Neves'?, Maria Manuel Silva', Fernando Mendonca',

Telma Moreno!, Sara Ribeiro', Catarina Vale??, Juliana Goncalves', Helena Urbano Ferreira', Sara Gil-Santos?,
Raquel Calheiros*, Inés Meira', Jodo Menino', Vanessa Guerreiro', Jorge Pedro', Ana Sande', Selma B. Souto',
Eduardo Lima da Costa’, Davide Carvalho'®, Paula Freitas'® and CRIO group’

Abstract

Background Bariatric surgery leads to weight loss and to cardiometabolic risk improvement. Although prediabetes
remission after bariatric surgery is biologically plausible, data on this topic is scarce. We aimed to assess prediabetes
remission rate and clinical predictors of remission in a 4 year follow up period.

Methods Observational longitudinal study including patients with obesity and prediabetes who had undergone bar-
iatric surgery in our centre. Prediabetes was defined as having a baseline glycated haemoglobin (A1c) between 5.7%
and 6.4% and absence of anti-diabetic drug treatment. We used logistic regression models to evaluate the association
between the predictors and prediabetes remission rate.

Results A total of 669 patients were included, 84% being female. The population had a mean age of 454+ 10.1 years-
old, body mass index of 43.8+5.7 kg/mz, and median Alc of 5.9 [5.8, 6.11%. After bariatric surgery, prediabetes remis-
sion rate was 82%, 73%, 66%, and 58%, respectively in the 1st, 2nd, 3rd, and 4th years of follow-up. Gastric sleeve (GS)
surgery was associated with higher prediabetes remission rate than Roux-en-Y gastric bypass surgery in the 3rd year
of follow-up. Men had a higher remission rate than women, in the 1st and 3nd years of follow-up in the unadjusted
analysis. Younger patients presented a higher remission rate comparing to older patients in the 3rd year of follow-up.

Conclusion We showed a high prediabetes remission rate after bariatric surgery. The remission rate decreases
over the follow-up period, although most of the patients maintain the normoglycemia. Prediabetes remission seems
to be more significant in patients who had undergone GS, in male and in younger patients.
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Introduction

Prediabetes is a dysglycemic state that confers a high
risk for overt type 2 diabetes (T2D), and is thought by
most authors to be a precursor of T2D. People with
prediabetes are at risk of the same microvascular and
macrovascular complications (including cardiovas-
cular risk) as patients with diabetes, although the risk
is lower [1]. A lot of uncertainty regarding diagnostic
criteria and treatment options and targets remain to be
established [1].

The need for remission of prediabetes and for pre-
vention of progression from prediabetes to T2D seems
logical and has been largely studied through lifestyle
modification and glucose-lowering drug approaches.
The combined results show that diabetes incidence can
be greatly reduced with these approaches [2, 3].

Little is known regarding the effect of bariatric sur-
gery (BS) on the remission of prediabetes. BS is a highly
effective treatment for obesity, which is associated with
a significant cardiometabolic improvement, and has been
proven to reduce cardiovascular risk both in patients
with diabetes and prediabetes [4]. There is firm evi-
dence regarding diabetes remission after BS and glucose
metabolism improvement [5, 6]. Our group has previ-
ously studied predictors of diabetes remission after BS
and concluded that patients age, preoperative glycated
haemoglobin (Alc) and preoperative beta cell are useful
for predicting diabetes remission [7]. In addition, Mori-
coni D. et al., showed that short T2D duration and good
glycaemic control before BS were associated with long-
lasting diabetes remission [8]. This is in accordance with
data from Panunzi S. et al. [9]. However, data regarding
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prediabetes remission after BS is scarce, besides being
biologically plausible. We believe that this is an impor-
tant gap in knowledge, considering the possible benefit of
bariatric surgery in prediabetes.

We hypothesized that BS is associated with a high and
long-lasting prediabetes remission rate. Therefore, our
primary aim was to assess pre-diabetes remission rate
over a 4 year follow up period. Our secondary aim was to
evaluate sex, age, and type of surgery as possible clinical
predictors of diabetes remission rate in the same follow-
up period.

Methods

Study design

This is a retrospective observational study evaluating all
the patients with obesity and prediabetes who had BS
and were followed in our tertiary centre between January
2010 and December 2021. Patients taking antidiabetic
drugs were considered to have diabetes regardless of Alc.

Study participants

Among the patients with prediabetes who had BS, we
excluded those who had no Alc in the first year of follow-
up or who had undergone gastric band surgery, while all
the other patients were included in the analysis (Fig. 1).
After applying the above exclusion criteria, a total of 669
patients were included in this analysis.

Clinical definitions

Prediabetes was defined as Alc>5.7% and <6.5% and
no treatment with antidiabetic drugs [10]. Hypertension
was defined as systolic blood pressure>140 mmHg,
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Fig. 1 Flow chart of included population
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diastolic blood pressure>90 mmHg [11], or the use of
anti-hypertensive drugs. Dyslipidemia was defined by
the use of lipid-lowering agents, serum LDL choles-
terol > 160 mg/dL, serum HDL cholesterol <40 mg/dL,
or serum triglycerides>200 mg/dL [12]. Lost weight
was calculated as a percentage of total weight loss
(TWL) at each year after BS according to the formula:
TWL=([Preoperative weight — Postoperative weight]/
Preoperative weight)x100) [13].

Outcomes and statistical analysis

Continuous variables are described as mean *stand-
ard deviation or median (25th -75th percentiles) and
categorical variables as proportions (percentages). We
performed unadjusted and adjusted logistic regres-
sion analysis considering prediabetes remission as the
primary outcome. The adjusted model included sex,
age, baseline Alc, type of surgery performed and lost
weight. The model was built based on prior knowledge
of risk factors/confounders and biological plausibility.
We performed subgroup analysis to assess the associa-
tions of our predefined variables (sex, age, and type of
surgery) with prediabetes remission. Statistical analy-
ses were conducted using Stata software, version 14.1
(StataCorp).

Results

Baseline population characteristics

Table 1 shows the demographic and clinical characteris-
tics of the included population (n=669). The population
had a mean age of 45.4+10.1 years-old, body mass index
of 43.8+5.7 kg/m?, and median Alc of 5.9 [5.8, 6.1] %.
The majority of patients (69%) underwent gastric bypass

Table 1 Clinical and demographic characteristics of the population
included (n=669)

Age, years 454 +10.1
Feminine sex, n (%) 561 (83.9)
Weight, kg 1157 +£19.2
Body Mass Index, kg/m? 438+57
Waist circumference, cm 12394132
Hip circumference, cm 1317114
Dyslipidaemia, n (%) 299 (46.1)
Hypertension, n (%) 433 (66.6)
Glycated haemoglobin, % 59+[58,6.1]
Type of surgery

Gastric bypass, n (%) 460 (68.8)
Gastric sleeve, n (%) 209 (31.2)

Values are shown as mean * standard deviation or as median [percentile 25 -
percentile 75]
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(GB) surgery. Supplementary Table 1 shows loss of fol-
low-up per year (31%, 46% and 61% respectively for 2nd,
34 and 4th years).

Prediabetes remission after bariatric surgery

Figure 2 depicts prediabetes remission rate over time.
One year after BS there was a prediabetes remis-
sion rate of 82%, the same remission rate being 73%,
66% and 58% in the 2nd, 3rd and 4th years after BS,
respectively.

Figure 3 shows the evolution of patients with prediabe-
tes at baseline to normoglycemia, prediabetes or diabetes
along the follow-up. 24%, 28% and 37% are in the predia-
betic range, and 3%, 6% and 5% in the diabetic range at
the 2nd, 3rd, and 4th years post BS, respectively.

Subgroup analysis

Figure 4a; Table 2 show our subgroup analysis regarding
remission of pre-diabetes according to the type of sur-
gery. There are no differences between patients which
underwent GB surgery and gastric sleeve (GS) surgery
in the 1st and 2nd years post BS. Patients who had GS
had a higher odds ratio for prediabetes remission in the
3rd year of follow-up both in adjusted and non-adjusted
analysis. No differences were seen in the 4th year of
follow-up.

Figure 4b; Table 3 refer to remission of pre-diabetes
according to sex. Female patients present a lower odds
ratio for prediabetes remission in the 1st and 3rd years of
follow-up, only in the non-adjusted analysis.

Figure 4c; Table 4 concern the remission of pre-diabe-
tes according to age terciles (1st tercile, 19-38 years-old;
2nd tercile 39-48 years-old; 3rd tercile 49-67 years-old).
Older patients (3rd tercile compared to 1st tercile) have
a lower odds ratio for pre-diabetes remission through-
out follow-up in the non-adjusted analysis from 3rd year
of follow-up onwards; this is significant only for the 3rd
year in the adjusted analysis.

Discussion and conclusions
This is a longitudinal study including patients with obe-
sity and prediabetes who underwent to bariatric surgery,
with the aim of assessing the pre-diabetes remission rate
and the clinical predictors of remission over a 4 year
follow up period. Our results show a high prediabetes
remission rate after bariatric surgery, which is more sig-
nificant in patients who have undergone GS surgery, in
male and in younger patients. These results help to fill the
gap in knowledge regarding the effect of bariatric surgery
on prediabetes.

We report an 82% remission rate of prediabetes in the
first-year post BS, and remission rates of 73%, 66% and
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Fig. 2 Prediabetes remission rate plot over time. Values are show as the percentage of prediabetes remission

58%, respectively, in the 2nd, 3rd and 4th years post
BS. In addition, our results show that 3%, 6% and 5% of
patients developed diabetes, respectively in the 2nd,
3rd, and 4th years post BS. Although specific data on
prediabetes remission after BS is lacking, there is evi-
dence supporting that BS leads to significant long-term
improvement in fasting plasma glucose levels among
an ethnically diverse population [5]. Concerning diabe-
tes conversion in patients with prediabetes, Dicker et al.
aimed to assess conversion rate of prediabetes to diabe-
tes in a 5 year-follow up after BS and reported a 10.1%
conversion rate [14]. The difference between this conver-
sion rate and ours might be due to several reasons, such
as the different populations studied and the difference in
follow-up period.

With regard to the subgroup analyses, our results show
that patients who underwent GS surgery are more prone
to prediabetes remission, comparing to patients who
underwent GB in the 3rd year of follow up. We believe
that the lack of significant results at 4th year is due to
the the missing data. Although there is a clear gap in

knowledge in this regard, there are data comparing the
two procedures considering overt T2D remission. How-
ever, results are quite controversial. Some authors argue
that both surgical procedures are associated with a simi-
lar diabetes remission rate [15, 16], while others show
that GB is a better option comparing to GS [17-19]. GB
has long been regarded as the gold-standard procedure
in surgical treatment of obesity and its related comor-
bidities. However, GS is being more frequently per-
formed due to its easier and potentially safer technique
[20]. There are few studies comparing the two regarding
the outcomes and our study contributes to the missing
information. Peteril et al. report no significant difference
between the two procedures concerning excess BMI loss
at 5 years of follow-up after BS [20].

Additionally, we report that male patients have a
higher odds ratio for prediabetes remission in the 3rd
year post BS only in the non-adjusted analysis (no dif-
ferences were noticed in the first two years post BS nor
at 4th year). According to our results, Mousapour et al.
did not report any sex differences in overt diabetes
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Fig. 3 Evolution of patients with prediabetes to normoglycemia, prediabetes or diabetes along the follow-up

Table 2 Remission of pre-diabetes according to the type of
surgery (4 years of follow-up)

Unadjusted analysis Adjusted analysis?

OR 95% Cl OR 95% Cl
Year 1 1.02 0.67 -1.56 0.78 045-134
Year 2 0.99 0.64 - 155 154 0.86-2.75
Year 3 1.75 1.08 - 2.86 2.02 1.13-3.61
Year 4 1.29 0.76 - 2.19 1.60 0.85-3.00

@ Adjusted models: sex, age, weight lost, glycated haemoglobin
OR Odds ratio, C/ Confidence Interval

remission in males and females 1 year post BS; how-
ever, these authors did not present the longer-term fol-
low-up period analysis [13]. Concerning sex disparities,
women undergo BS more often than men, for reasons
that are not entirely understood. It is likely that greater

body image frustration plays an important role, and
limited data on outcomes and complications may also
be barriers to BS in man [21-23]. For instance, there
are also controversial results on the disparities between
the sexes with regard to weight loss reporting advan-
tage both for females and for males in different stud-
ies [24-26]. We believe that our results are helpful in
proving the benefit of BS in remission of prediabetes in
men.

We hint that younger patients have a higher prediabetes
remission rate than older patients, regardless of sex, type
of surgery, lost weight, baseline Alc. These results are in
accordance with the existing literature which is consist-
ent with the fact that younger individuals tend to benefit
more from BS. Contreras et al. showed that weight loss
decreases with age [27]. Major P et al. also report lower
weight loss for patients over 50 years old; however, it is
noteworthy that BS is effective and safe in these patients
as well [28]. It is hypothesized that the lower benefit of
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Fig. 4 Prediabetes remission rates along the follow-up according to (a) type of surgery; (b) sex; (c) age tercile

Table 3 Remission of pre-diabetes according to sex (4 years of

follow-up)

Unadjusted analysis Adjusted analysis®

OR 95% CI OR 95% CI
Year 1 0.51 0.26 -0.95 046 0.19-1.08
Year 2 0.98 0.54-1.77 1.05 048 -1.01
Year 3 0.28 0.11-0.68 0.49 0.19-1.30
Year 4 0.58 0.23-147 049 0.17-139

2 Adjusted models: age, type of surgery, weight lost, glycated haemoglobin.
OR Odds ratio, CI Confidence Interval

older individuals may result from a decrease in metabolic
rate, functional status, and physical activity, which are
inherent to the ageing process [28].

There are inherent limitations to this study which
must be acknowledged. Firstly, this is a longitudinal ret-
rospective study and, as such, more prone to specific

bias. For occasion, we do not have fasting glucose data
and, so prediabetes was defined solely based on Alc.
Also, we have a considerable amount of missing data
due to the loss to follow-up from the 3rd year after BS
onwards. This may lead to selection bias affecting our
results and may explain why some results do not reach
statistical significance. Furthermore, there are possi-
ble confounders that we may have not accounted with,
although we believe that our model of adjustment
includes the most relevant ones. However, the impor-
tance of our results and the number of individuals
included from this often-overlooked population fairly
overcome these limitations and opens a door in this
area of knowledge. Our data can help physicians coun-
sel patients with prediabetes regarding the high prob-
ability of remission after BS, as well as predicting the
probability of remission according to the type of sur-
gery, age and sex.
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Table 4 Remission of pre-diabetes according to age terciles (4 years of follow-up; 1* tercile as comparer)

Unadjusted analysis Adjusted analysis®

2" tercile 3% tercile 2" tercile 3 tercile

OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Year 1 0.76 040-143 0.69 037-129 087 045-1.70 0.90 047-173
Year 2 0.78 0.40-1.49 0.55 030-1.04 0.89 045-1.76 0.72 0.36-140
Year 3 0.86 044 -1.67 041 022 -0.75 0.95 048 -1.90 0.41 0.21-0.80
Year 4 0.54 027-1.10 0.50 0.35-0.996 0.75 035-1.61 0.62 029-1.31
1%t tercile, 19-38 years-old; 2" tercile 39-48 years-old; 3™ tercile 49-67 years-old
2 Adjusted models: sex, type of surgery, weight lost, glycated haemoglobin
OR Odds ratio, C/ Confidence Interval

Concluding, our results show a high prediabetes Declarations

remission rate after BS, which decreases over the fol-
low-up period, although most patients maintain the
normoglycemia. Prediabetes remission seems to be
more significant in patients who had undergone GS, in
male and in younger patients. These results help to fill
the knowledge gap on the effect of bariatric surgery in
glucose metabolic disturbances.

Abbreviations

Alc  Glycated haemoglobin
BS Bariatric surgery

GB Gastric bypass

GS Gastric sleeve

T2D  Type 2 diabetes

TWL  Total weight loss

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512902-024-01537-0.

[ Additional file 1: Supplementary Table 1. Loss of follow-up per year. }

Acknowledgements
Not applicable.

Authors’ contributions

Conceptualization, M.B.C; methodology, M.B.C. and J.S.N.; software, M.B.C. and
JSN, validation, AS., SBS., JP, ELC, PF. and D.C; formal analysis, M.B.C. and
JSN, investigation, MB.C, JSN., MMM.S, EM,, TM, SR, CV, JG, HUF, SGS,
RC., M, JM, V.G. and CRIO Group; resources, CRIO Group; data curation, M.B.C.
and J.S.N.; writing original draft preparation, M.B.C,; writing, review and editing,
JSN, PF.and D.C, visualization, all authors; supervision, JS.N., PF, and D.C. All
authors have read and agreed to the published version of the manuscript.

Funding
None.

Availability of data and materials
The dataset for this study is available from the corresponding author on
reasonable request and ethical approval.

Ethics approval and consent to participate

This study was performed in accordance with the Declaration of Helsinki and
was reviewed and approved by the ethical committee of our centre (Comissdo
de Ftica do Centro Hospitalar Universitdrio de Sdo Jodo). Written informed con-
sent for participation was not required for this study, ethical committee of our
centre (Comissdo de Etica do Centro Hospitalar Universitdrio de Séo Jodo) waived
the need for informed consent. All methods were carried out in accordance
with the national legislation and the institutional requirements. Privacy of the
patients included was preserved throughout the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 April 2023 Accepted: 3 January 2024
Published online: 11 January 2024

References

1. Perreault L. Prediabetes. In: Feingold KR, Anawalt B, Boyce A, Chrousos G, de
Herder WW, Dhatariya K; editors. Endotext. South Dartmouth. 2000. https://
www.ncbi.nlm.nih.gov/books/NBK538537/. Accessed 20 Mar 2023.

2. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, llanne-
Parikka P, et al. Prevention of type 2 diabetes mellitus by changes in
lifestyle among subjects with impaired glucose tolerance. N Engl J Med.
2001;344(18):1343-50.

3. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker
EA, et al. Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med. 2002;346(6):393-403.

4. Rubio-Almanza M, Camara-Gomez R, Hervas-Marin D, Ponce-Marco
JL, Merino-Torres JF. Cardiovascular risk reduction over time in patients
with diabetes or pre-diabetes undergoing bariatric surgery: data from
a single-center retrospective observational study. BMC Endocr Disord.
2018;18(1):90.

5. dela Cruz-Munoz N, Messiah SE, Arheart KL, Lopez-Mitnik G, Lipshultz
SE, Livingstone A. Bariatric surgery significantly decreases the prevalence
of type 2 diabetes mellitus and pre-diabetes among morbidly obese
multiethnic adults: long-term results. J Am Coll Surg. 2011;212(4):505-11
(discussion 12-3).

6. Sheng B, Truong K, Spitler H, Zhang L, Tong X, Chen L. The long-term
effects of bariatric surgery on type 2 diabetes remission, microvascular
and macrovascular complications, and mortality: a systematic review and
meta-analysis. Obes Surg. 2017;27(10):2724-32.

7. Souteiro P, Belo S, Neves JS, Magalhaes D, Silva RB, Oliveira SC, et al.
Preoperative beta cell function is predictive of diabetes remission after
bariatric surgery. Obes Surg. 2017;27(2):288-94.


https://doi.org/10.1186/s12902-024-01537-0
https://doi.org/10.1186/s12902-024-01537-0
https://www.ncbi.nlm.nih.gov/books/NBK538537/
https://www.ncbi.nlm.nih.gov/books/NBK538537/

Borges-Canha et al. BMIC Endocrine Disorders

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2024) 24:7

Moriconi D, Manca ML, Anselmino M, Rebelos E, Bellini R, Taddei S, et al.
Predictors of type 2 diabetes relapse after Roux-en-Y gastric bypass: a
ten-year follow-up study. Diabetes Metab. 2022;48(1): 101282.

Panunzi S, Carlsson L, De Gaetano A, Peltonen M, Rice T, Sjostrom L, et al.
Determinants of diabetes remission and glycemic control after bariatric
surgery. Diabetes Care. 2016;39(1):166-74.

Neves JS, Correa S, Baeta Baptista R, Bigotte Vieira M, Waikar SS, Mc Caus-
land FR. Association of prediabetes with CKD progression and adverse
cardiovascular outcomes: an analysis of the CRIC study. J Clin Endocrinol
Metab. 2020;105(4):e1772-1780.

. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al.

2018 ESC/ESH guidelines for the management of arterial hypertension.
Eur Heart J. 2018;39(33):3021-104.

Expert Panel on Detection E, Treatment of High Blood Cholesterol in

A. Executive summary of the third report of the national cholesterol
education program (NCEP) expert panel on detection, evaluation, and
treatment of high blood cholesterol in adults (Adult treatment panel Ill).
JAMA. 2001;285(19):2486-97.

Mousapour P, Tasdighi E, Khalaj A, Mahdavi M, Valizadeh M, Taheri H, et al.
Sex disparity in laparoscopic bariatric surgery outcomes: a matched-pair
cohort analysis. Sci Rep. 2021;11(1):12809.

Dicker D, Comaneshter DS, Yahalom R, Cohen CA, Vinker S, Golan R.
Conversion from prediabetes to diabetes in individuals with obesity,
5-years post-band, sleeve, and gastric bypass surgeries. Obes Surg.
2019,29(12):3901-6.

Salminen P, Gronroos S, Helmio M, Hurme S, Juuti A, Juusela R, et al.
Effect of laparoscopic sleeve gastrectomy vs Roux-en-Y gastric bypass
on weight loss, comorbidities, and reflux at 10 years in adult patients
with obesity: the SLEEVEPASS randomized clinical trial. JAMA Surg.
2022;157(8):656-66.

YanY, Wang F, Chen H, Zhao X, Yin D, Hui Y, et al. Efficacy of laparoscopic
gastric bypass vs laparoscopic sleeve gastrectomy in treating obesity
combined with type-2 diabetes. Br J Biomed Sci. 2021;78(1):35-40.

Yu J, Zhou X, Li L, Li S, Tan J, Li Y, et al. The long-term effects of bariatric
surgery for type 2 diabetes: systematic review and meta-analysis of rand-
omized and non-randomized evidence. Obes Surg. 2015;25(1):143-58.
Castellana M, Procino F, Biacchi E, Zupo R, Lampignano L, Castellana F,
et al. Roux-en-Y gastric bypass vs sleeve gastrectomy for remission of
type 2 diabetes. J Clin Endocrinol Metab. 2021;106(3):922-33.

Lee WJ, Chong K, Aung L, Chen SC, Ser KH, Lee YC. Metabolic surgery for
diabetes treatment: sleeve gastrectomy or gastric bypass? World J Surg.
2017;41(1):216-23.

Peterli R, Wolnerhanssen BK, Peters T, Vetter D, Kroll D, Borbely Y, et al.
Effect of laparoscopic sleeve gastrectomy vs laparoscopic roux-en-Y gas-
tric bypass on weight loss in patients with morbid obesity: the SM-BOSS
randomized clinical trial. JAMA. 2018;319(3):255-65.

Farinholt GN, Carr AD, Chang EJ, Ali MR. A call to arms: obese men with
more severe comorbid disease and underutilization of bariatric opera-
tions. Surg Endosc. 2013;27(12):4556-63.

Kochkodan J, Telem DA, Ghaferi AA. Physiologic and psychological gen-
der differences in bariatric surgery. Surg Endosc. 2018;32(3):1382--8.
Mahony D. Psychological gender differences in bariatric surgery candi-
dates. Obes Surg. 2008;18(5):607-10.

Courcoulas AP, Christian NJ, O'Rourke RW, Dakin G, Patchen Dellinger E,
Flum DR, et al. Preoperative factors and 3-year weight change in the lon-
gitudinal assessment of bariatric surgery (LABS) consortium. Surg Obes
Relat Dis. 2015;11(5):1109-18.

Dallal RM, Quebbemann BB, Hunt LH, Braitman LE. Analysis of weight loss
after bariatric surgery using mixed-effects linear modeling. Obes Surg.
2009;19(6):732-7.

MaY, Pagoto SL, Olendzki BC, Hafner AR, Perugini RA, Mason R, et al.
Predictors of weight status following laparoscopic gastric bypass. Obes
Surg. 2006;16(9):1227-31.

Susmallian S, Raziel A, Barnea R, Paran H. Bariatric surgery in older adults:
should there be an age limit? Medicine (Baltimore). 2019;98(3):e13824.
Major P, Wysocki M, Janik M, Stefura T, Waledziak M, Pedziwiatr M, et al.
Impact of age on postoperative outcomes in bariatric surgery. Acta Chir
Belg. 2018;118(5):307-14.

Page 8 of 8

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Prediabetes remission after bariatric surgery: a 4-years follow-up study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Study participants
	Clinical definitions
	Outcomes and statistical analysis

	Results
	Baseline population characteristics
	Prediabetes remission after bariatric surgery
	Subgroup analysis

	Discussion and conclusions
	Anchor 18
	Acknowledgements
	References


