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OBJECTIVE

Roux-en-Y gastric bypass (RYGB) induces type 2 diabetes remission (DR) in 60% of
patients at 1 year, yet long-term relapse occurs in half of these patients. Scoring
methods to predict DR outcomes 1 year after surgery that include only baseline
parameters cannot accurately predict 5-year DR (5y-DR). We aimed to develop a
new score to better predict 5y-DR.

RESEARCH DESIGN AND METHODS

We retrospectively included 175 RYGB patients with type 2 diabetes with 5-year
follow-up. Using machine learning algorithms, we developed a scoring method,
5-year Advanced-Diabetes Remission (DiaRem) (5y-Ad-DiaRem), predicting longer-
term DR postsurgery by integrating medical history, bioclinical data, and antidi-
abetic treatments. The scoring method was based on odds ratios and variables
significantly different between groups. This score was further validated in three
independent RYGB cohorts from three European countries.

RESULTS

Compared with 5y-DR patients, 5y-Relapse patients exhibited more severe type 2
diabetes at baseline, lost significantly less weight during the 1st year after RYGB,
and regained more weight afterward. The 5y-Ad-DiaRem includes baseline (diabe-
tes duration, number of antidiabetic treatments, and HbA,)) and 1-year follow-up
parameters (glycemia, number of antidiabetic treatments, remission status, 1st-
year weight loss). The 5y-Ad-DiaRem was accurate (area under the receiver
operating characteristic curve [AUROC], 90%; accuracy, 85%) at predicting 5y-
DR, performed better than the DiaRem and Ad-DiaRem (AUROC, 81% and 84%;
accuracy, 79% and 78%, respectively), and correctly reclassified 13 of 39 patients
misclassified with the DiaRem. The 5y-Ad-DiaRem robustness was confirmed in
the independent cohorts.

CONCLUSIONS

The 5y-Ad-DiaRem accurately predicts 5y-DR and appears relevant to identify
patients at risk for relapse. Using this score could help personalize patient care after
the 1st year post-RYGB to maximize weight loss, limit weight regains, and prevent
relapse.
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2 Predicting Diabetes Outcome Post-RYGB Diabetes Care

Bariatric surgery (BS) is recommended
for patients with a BMI =40 kg/m?> or
=35 kg/m? when associated with comor-
bidities (1), induces major weight loss
(2,3), improves glycemic control, and in-
duces partial or complete diabetes re-
mission (DR) (4). DR is defined by fasting
plasma glucose (FPG) and HbA;. normal-
ization (<7 mmol/L and <6% [42 mmol/
mol], respectively) without any glucose-
lowering medication at 1 year post-BS (5).
BS is superior to intensive medical
therapy (i.e., medication and/or lifestyle
interventions alone [6,7]) in inducing
DR (8,9), with 60-75% of post-Roux-en-Y
gastric bypass (RYGB) patients experi-
encing remission. Therefore, recent guide-
lines consider BS/metabolic surgery in
the type 2 diabetes (T2D) treatment algo-
rithm for obese patients with lower BMls
(i.e., BMI =30 kg/m? with poor glycemic
control) (9,10). Experts thus anticipate a
dramatic surge in the already large num-
ber of BS interventions worldwide (1).
Currently, there is a major concern in
the mid- to long-term maintenance of
glycemic control post-BS, because obser-
vational long-term follow-up studies and
randomized controlled trials (8,11,12)
indicate a decreased rate of DR over
time. Nearly half of the patients experi-
encing DR at 1 year relapse 5 years post-
RYGB, with a described mean DR rate of
30%. These relapses are frequently con-
comitant with weight regain and the
deterioration of lipid homeostasis after
1 year (13). These observations signal the
need to establish useful and clinically
applicable tools to predict metabolic/BS
outcomes (9), both in the short- and
longer-term post-BS. Using these tools,
we inform patients about what they can
expect and adapt patient follow-up ac-
cording to predicted trajectories.
Scoring systems to predict 1-year DR
(1y-DR) generally combine clinical vari-
ables mostly related to diabetes severity
(14-17). For example, the ABCD score
(combining Age, BMI, C-peptide, and
Duration of T2D) (15,18) predicts that
patients with a score >6 will not enter
1y-DR; however, our team demonstrated
that the ABCD score was less accurate
than the Diabetes Remission (DiaRem)
score (19). The DiaRem, based on preop-
erative age, HbA,, and the use of glucose-
lowering treatments, has 84% predictive
accuracy for DR 1 year post-RYGB, but its
predictive accuracy is limited in the middle
scoring zone (8-17) (19,20). We recently

improved the DiaRem predictive per-
formance by proposing the Advanced
DiaRem (Ad-DiaRem) (21), which adds
diabetes duration and the number of
glucose-lowering agents, including new
antidiabetic agents, and optimizes the
weight of each item used in the DiaRem
(21). The Ad-DiaRem, developed to pre-
dict 1y-DR post-RYGB, remains to be
tested beyond 1 year of follow-up.

Only a limited number of studies have
tested the DiaRem in cohorts with T2D
beyond 1 year post-RYGB (22). In 400 pa-
tients with T2D, the DiaRem accurately
predicted patients with nonremission
after 1-year post-RYGB (i.e., all patients
with a score >18), but its predictive
performance was modest for longer-
term DR (5-8 years). Only 50% of the
patients with the lowest DiaRem score
(0-2) exhibited DR after 8 years (23).
When tested in another group, 20% of
patients with scores >18 experienced
5-year DR (5y-DR), showing a poor pre-
dictive value even in high DiaRem scores
(22). Another study with 31 patients
with T2D monitored 10 years post-RYGB
showed that 30% of patients with 5y-DR
exhibited a DiaRem score falling into
the “middle zone,” further highlighting
the insufficient predictive accuracy for
long-term outcomes (24).

These collective findings prompted
us to 1) characterize factors involved
in 5y-DR and T2D relapse post-RYGB, 2)
build an improved scoring system capa-
ble of identifying 5y-DR and non—5-year
DR (5y-NDR), and 3) examine the clinical
relevance of this new established scoring
system in independent cohorts.

RESEARCH DESIGN AND METHODS

Study Design and Participants

This study included a subselection of
patients from our prospective BS cohort
(Bariatric Surgery Cohort of Institute of Car-
diometabolism and Nutrition [BARICAN],
N = 2,229 patients) at the Pitié-Salpétriére
Hospital Nutrition Department (Paris,
France), which is approved by CNIL
(Commission nationale de I'informatique
et des libertés; No. 1222666) and the
French Ministry of Research. All patients
provided informed consent. They are
part of several studies registered on
clinicaltrials.gov (P050318 Les Comités
de Protection des Personnes [CPP] ap-
proval: 24 November 2006, NCT01655017,
NCT01454232). These patients met

standard BS recommendations (25) and
are monitored according to national and
international guidelines.

In the current study, we focused solely
on severely obese patients with T2D
who underwent RYGB and had a mean
follow-up of 5 years. We further restricted
our analysis to patients with complete
clinical data sets pre-BS and 3, 6, 12
months and 5 years (48-84 months) post-
RYGB (n = 175) (Supplementary Fig. 1).
In addition to the BARICAN cohort, we
had access to three confirmation cohorts,
which were composed of patients with
T2D who underwent RYGB with 5 years
of follow-up and for whom the data
needed for score calculation was avail-
able. These cohorts consisted of 54 pa-
tients in France (Louis Mourier Hospital),
20 patients from a randomized con-
trolled trial in Italy (Catholic University)
(8), and 50 patients from Germany (Leipzig
Hospital). Patients from all cohorts pro-
vided informed consent.

Bioclinical and Anthropomorphic
Variables

The following data were collected for all
patients at every time point, as described
(21): the number of glucose-lowering
agents, obesity-related comorbidities
(hypertension, obstructive sleep apnea,
and dyslipidemia), a complete list of
treatments, diabetes duration (i.e., du-
ration up to RYGB intervention), blood
tests, including lipid panels, liver en-
zymes, and glucose control (at baseline
after a 12-h overnight fast), body com-
position (total, trunk and limb-fat mass,
fat-free mass) evaluated by body DEXA
scan (Hologic Discovery, West Bedford,
MA), as previously described (26), and
depression and anxiety questionnaires
(Hospital Anxiety and Depression Scale
[27] and Beck Depression Inventory
[28]). Weight loss was calculated at
each time point using the following
formula: (postoperative body weight —
preoperative body weight)/preoperative
body weight. We used the same approach
to quantify body composition changes (in
kg and percentages), HbA,., and fasting
glycemia. We calculated the DiaRem (20)
and Ad-DiaRem (21) for these patients.

Using Machine Learning to Devise the
Sy-Ad-DiaRem

Using previously described methods
(21), we applied an original machine
learning methodology (29) to establish
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the 5y-Ad-DiaRem. We aimed to find 1)
the most relevant predictive variables, 2)
optimal thresholds per selected variable
(i.e., [4.8_5.3 5.8] for the 1-year fast-
ing glycemia) to construct bins (inter-
vals between two thresholds), and 3)
the subscores associated with each bin
of patients. An optimal solution occurs
if simultaneously learned interpretable
binning is mapped to a class variable
(5y-DR or NDR) and the weights associ-
ated with these bins contribute to the
score. We applied a novel statistical
machine learning approach called “Fully
Corrective Binning” (29). Herein, the
problem to learn a score was formulated
as a feature selection task, where split-
ting a bin equates to adding a feature
into a model and merging two bins re-
sults in deleting a feature from this
model. This approach aims to compro-
mise the trade-off between accuracy
and sparsity (i.e., the number of bins).
The Youden (30) method was used to
calculate the thresholds.

Statistical Analyses

Continuous variables are expressed as
mean * SD and categorical variables as
numbers (percentages). Baseline com-
parisons were performed by ANCOVA
with the effect of sex and age as co-
variates. Multivariate logistic regression
was performed to estimate odds ratios
for the potential predictors of 5-year
relapse and/or nonremission. Continu-
ous data of patients in nonremission
throughout the follow-up were com-
pared using the Wilcoxon signed rank
test. Categorical data were analyzed us-
ing x? tests for trends.

To build the 5y-Ad-DiaRem, the miss-
ing data were imputed by the median of
each variable (29). Analyses were con-
ducted using R 3.3.3 software (www
.r-project.org). P values were considered
significant when <0.05.

RESULTS

Long-term Follow-up of Patients With
T2D Post-RYGB

Our test cohort included 175 patients
with T2D whose characteristics are sum-
marized in Table 1. As shown in Fig. 1A,
61% of severely obese patients with T2D
experienced DR (partial [PDR] or com-
plete remission [CDR]) at 1-year post-
RYGB. After a mean 5.1 £ 0.7 years of
follow-up, DR prevalence decreased to
54% (5y-DR). Thus, 25% of 1y-DR patients

(n = 27) relapsed at 5 years post-RYGB
(5y-Relapse). In addition, 54 patients
(31%) never displayed DR throughout
the follow-up (5y-NDR), and 15 patients
(22%) who remained with T2D at 1y-NDR
further experienced 5y-DR.

We examined patients’ bioclinical
differences among the three different
trajectories: 1) 5y-NDR, 2) 5y-Relapse,
and 3) 5y-DR (PDR and CDR). Compared
with 5y-NDR, 5y-Relapse patients (Ta-
ble 1) and 5y-DR patients had simi-
lar baseline characteristics, except they
displayed a less severe degree of T2D
disease: shorter diabetes duration, fewer
glucose-lowering agents, fewer insulin
therapy requirements, and better T2D con-
trol (i.e., HbA,. near the targeted goal
of <7% [53 mmol/mol]). At baseline,
more patients undergoing 5y-remission
or later relapse were solely on metfor-
min. By contrast, the use of glucagon-
like peptide 1 analogs increased across
the three trajectory groups during the
follow-up; however, this reflected more
severe T2D because patients received
multiple glucose-lowering agents (Table
1). The 5y-DR patients were more likely
to be women and heavier at baseline,
with increased total fat mass but lower
trunk fat mass, thus displaying a better
body composition. Noteworthy, 27%
of patients were taking psychotropic
drugs at baseline; however, between
trajectory groups, there were no differ-
ences in the number of patients treated
with these drugs or in the mean pre-
scribed treatment number. Likewise, no
difference was seen in scores on the Hos-
pital Anxiety and Depression Scale or
Beck Depression Inventory question-
naires (Supplementary Fig. 2 and Supple-
mentary Table 1). These results suggest
that depression scores and treatment
were not involved in diabetes outcomes
post-RYGB.

Lack of Accuracy of Current Scores to
Predict 5y-DR

The DiaRem and Ad-DiaRem (20,21) scores’
mean values were higher in patients
with 5y-NDR than those of 5y-Relapse
or 5y-DR patients. As shown on Fig. 1B and
Supplementary Fig. 3A, both scores were
unable to properly separate patients’ tra-
jectories, displaying a large overlap be-
tween 5y-DR, 5y-Relapse, and 5y-NDR
patients, especially for scores in the “mid-
dle zone” (8-17). Most 5y-Relapse patients
had Ad-DiaRem scores <10, as expected,
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because they experienced 1y-DR. Impor-
tantly, whereas we confirmed that the
DiaRem and Ad-DiaRem performed well
at predicting 1-year post-RYGB DR, they
failed to accurately predict 5y-DR. The
DiaRem and the Ad-DiaRem displayed
nonsignificantly different accuracies (79%
and 78%, respectively) and areas under
the receiver operating characteristic
curve (AUROC) (81% and 84%, respec-
tively) at predicting 5y-DR (Fig. 1C and
Supplementary Table 2). Interestingly,
although the Ad-DiaRem was inefficient
at properly separating 5y-DR and 5y-
Relapse patients, it was robust at classi-
fying patients in 5y-NDR, because nearly
all the patients with a score =15 remained
with T2D at 5 years (Fig. 1B).

Body Composition and Glucose
Control at 1 Year Are Discriminant for
Long-term DR
Because current scores only combining
baseline variables were insufficient to
accurately predict 5y-DR, we examined
the variations of bioclinical variables
during the 1st year postsurgery to iden-
tify the most discriminant factors be-
tween the three trajectory groups
(5y-NDR, 5y-Relapse, and 5y-DR). Al-
though 5y-DR patients were heavier at
baseline, they lost significantly more
weight, total fat, and trunk fat mass at
6 and 12 months post-RYGB compared
with 5y-NDR patients (Fig. 1D, Table 1,
and Supplementary Fig. 3B). 5y-DR pa-
tients lost more limb fat mass and gained
more limb fat-free mass (relatively to
body weight), suggesting improved body
composition. Contrarily, 5y-Relapse pa-
tients lost less weight and less total, limb
fat, and trunk fat compared with 5y-DR
patients (adjusted for age and sex). Los-
ing less weight during the 1st year was
more associated with being in 5y-Relapse
compared with 5y-DR (odds ratio [OR]
2.66, P < 0.05), but not to 5y-NDR (OR
0.63, P = 0.13). Whereas 5y-DR and
5y-NDR had limited but significant body
weight regains between 1 and 5 years
post-RYGB (+2.5% each, P < 0.05), 5y-
Relapse patients displayed a significant
and more pronounced weight regain over
the same period (+8%, P < 0.001), in-
cluding regaining fat mass, which resulted
in patients reaching their baseline per-
centage fat-mass level (P < 0.05).

We also observed that glucose control
during the 1st year was associated with
5y-DR post-RYGB. Although the three
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Table 1—Baseline characteristics of our BARICAN cohort (test cohort)

Patient T2D status at 5 years after RYGB

5y-DR 5y-Relapse 5y-NDR
n=94 n =27 n =54 P Adjusted P
Before surgery
Male, n (%) 19 (20.2) 7 (25.9) 13 (24.1) 0.76* =
Age (years) 46.5 = 11.0 463 * 8.6 52.4 + 8.8 0.006 <0.001
Body weight (kg) 132.4 = 23.8 127.5 = 15.2 123.5 = 21.0 0.13 0.09
BMI (kg/m?) 487 £ 7.6 46.0 = 6.4 457 + 7.3 0.09 0.08
Body composition
Fat mass (%) 49.2 £ 5.0 46.8 £ 5.5 469 £ 5 0.05 0.004
Fat-free mass (%) 48.7 = 4.8 51.0 = 5.4 50.8 + 4.9 0.07 0.005
Android/gynoid fat mass ratio 21 *+05 22 *+0.5 2.4 +* 0.6 0.08 0.046
Diabetes condition
T2D duration (years) 35 = 4. 51 =* 4.0 124 = 6.8 <0.001 <0.001
Number of antidiabetic drugs, n 1.1 +11 1.8 = 0.8 2.6 £1.0 <0.001 <0.001
Number of patients under
Metformin only, n (%) 29 (30.9) 6 (22.2) 3 (5.6) 0.01* —
Glucagon-like peptide 1 analogs, n (%) 3(3.2) 4 (14.8) 13 (24.1) 0.002* —
Sulfamides, n (%) 0 (0) 1(3.7) 10 (18.5) <0.001* =
Glitazones, n (%) 7 (7.4) 0 (0) 3 (5.6) 0.37* =
Patients requiring insulin, n (%) 6 (6.4) 4 (14.8) 35 (64.8) <0.001* —
Fasting glycemia (mmol/L) 7.4 21 7.8 +28 8.8 £ 3.2 0.03% 0.03*%
HbA;., % 7.0 = 1.1 72 =13 8.6 =19 <0.001t <0.001*
HbA;, (mmol/mol) 53 + 12 55 + 14 70 = 21 <0.001t <0.001%
Patients with HbA;. <7%, n (%) 55 (58.5) 16 (59.3) 6 (11.1) <0.001* —
Diabetes remission scores
DiaRem (20) 49 = 35 7.1+ 6.2 141 =5 <0.001 <0.001
Ad-DiaRem (21) 6.5 = 3.6 8.0 = 4.7 15.1 = 3.5 <0.001 <0.001
DiaBetter (42) 28 £ 21 33 £ 26 6.6 = 24 <0.001 <0.001
Comorbidities
Patients with hypertension, n (%) 63 (67.7) 16 (59.3) 45 (84.9) 0.03* —
Number of antihypertension drugs, n (%) 1.1+ 11 09 * 1.1 1.5+ 1.0 0.09 0.04
Patients with dyslipidemia, n (%) 78 (83.0) 23 (88.5) 48 (88.9) 0.56* =
Antidyslipidemia drugs, n 0.4 £ 0.5 0.5 £ 0.5 0.7 =04 0.0001 <0.001
Patients with sleep apnea, n (%) 64 (68.1) 18 (66.7) 42 (77.8) 0.43* =
Body composition changes 1 year post-RYGB
Body weight (%) —293 = 7.0 —22.7 * 8.0 —249 = 7.0 <0.001 <0.001
% loss of kg fat mass —42.0 = 11.5 —33.3 * 11.6 —36.8 = 11.5 0.01 0.01
% loss of kg fat-free mass —15.0 = 54 —12.1+ 7.2 —13.0 £ 5.8 0.1 0.09
% gain of initial fat-free mass 18.8 £ 9.1 129 £ 7.1 14.8 £ 7.7 0.01 0.01
% loss of % limbs fat mass —12.5 + 133 —5.1 *£ 11.8 —11.5 = 10.8 0.1 0.1
% gain of % limbs fat-free mass 23.4 = 13.1 17.5 £ 9.4 16.1 = 11.0 0.01 0.01
% loss of % trunk fat mass —47.6 = 13.1 —40.4 = 13.8 —41.3 + 13.2 0.04 0.04

The three trajectories (5y-NDR, 5y-Relapse, and 5y-DR) after RYGB were compared at baseline according to participants’ 5y-DR outcomes. Variables
are presented as mean = SD or as n (%), and P values are shown before and after adjustment for age and sex. The predictive scores were

computed as specified in the original publications (20,21,38). Body composition changes during the 1st year were calculated as follows: [(1-year value) —
(baseline value)]/(baseline value) X 100. *x? test P value results for categorical variables. ¥TThe number of antidiabetic medication was included in the

regression model.

groups improved their T2D, 1-year
HbA,. and 1-year FPG values were as-
sociated with 5y-NDR (OR 3.63 [P <
0.001] and 5.64 [P < 0.001]) compared
with 5y-DR, respectively) (Table 2 and
Supplementary Table 3). However,
these clinical variables were not asso-
ciated with T2D relapse. As expected,
1y-DR status also influenced the 5-year
status: being in PDR at 1-year was a risk
factor for T2D relapse (OR 5.26, 95% ClI
2.1-14.2, P < 0.001); likewise, most of
the 1y-NDR patients at 1-year remained

NDR at 5 years (OR 9.80, 95% CI 4.8—
21.1, P < 0.001).

Predicting 5y-DR With the
Sy-Ad-DiaRem

To develop our new clinical score, for
subsequent use in routine care, we se-
lected the most easily accessible clinical
variables among those that significantly
differed between the three groups at
baseline or 1-year post-RYGB, based on
their OR values for being placed in the 5y-
Relapse or 5y-NDR groups with 5y-DR as

reference (Table 2 and Supplementary
Table 3). Hence, the following variables
were included: baseline diabetes dura-
tion (OR 1.48 [5y-Relapse vs. 5y-DR] and
OR 6.73 [5y-NDR vs. 5y-DR]), baseline
number of glucose-lowering agents (OR
1.85 and 4.98), baseline HbA;. (OR 1.19
and 6.69), 1-year remission status, 1-year
FPG (OR 1.16 and 1.95), 1-year number
of glucose-lowering agents, and weight
loss percentage from baseline to 1 year.
Furthermore, random forest analysis eval-
uated the effect of each of those variables
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Figure 1—Evolution of T2D status throughout the follow-up in the test cohort, Ad-DiaRem patients distribution, and development of the 5y-Ad-DiaRem
scores in the test cohort (n = 175) and three validation cohorts from France (n = 54), Italy (n = 20), and Germany (n = 50. A: Evolution of the T2D status in
the 175 patients from the test cohort, before, 1 year, and 5 years after RYGB. DR was defined according to American Diabetes Association criteria (5).
Patients were initially considered exhibiting T2D if they had HbA; . =6.5% (=48 mmol/mol), FPG =126 mg/dL (7.0 mmol/L) or =200 mg/dL (11.1 mmol/L)
2 h after ingesting 75 g of glucose during an oral glucose tolerance test, or if they were taking any anti-T2D medication. After RYGB, PDR was defined as
HbA;. <6.5% (<48 mmol/mol), FPG <7.0 mmol/L without the need of glucose-lowering agents at 1 year; CDR as HbA;. <6.0% (<42 mmol/mol),
FPG <5.6 mmol/L without glucose-lowering agents at 1 year. Patients who did not fit in either PDR or CDR were considered in NDR. B: Distribution of the
175 patientsin the test cohort according to their Ad-DiaRem scores. The black border represents the zone where the Ad-DiaRem is =15, in which most
patientsare accurately predicted to bein 5y-NDR. C: ROC curves evaluating the performance of the DiaRem, the Ad-DiaRem and the 5y-Ad-DiaRemin the
test cohort, to separate patientsin 5y-DR from those in nonremission 5 years after RYGB. D: Weight loss dynamics during the follow-up. E: Distribution of
the 175 patients in the test cohort according to their 5y-Ad-DiaRem score values. F: ROC curves evaluating the performance of the 5y-Ad-DiaRem in the
three validation cohorts to separate patients in 5y-DR from those in NDR 5 years after RYGB. acc, accuracy; AUC, area under the curve. In panels A, B, D,
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Table 2—Standardized ORs evaluating the risk of undergoing 5y-Relapse and/or remain in nonremission

Risk of 5y-NDR compared Risk of 5y-NDR
with 5y-Relapse* compared with 5y-DR*

Risk of 5y-Relapse
compared with 5y-DR*

OR 95% ClI P OR 95% ClI P OR 95% Cl P
Baseline variables
Fasting glucose (mmol/L) 1.16 0.75-1.74 0.61 1.41 0.83-2.55 0.31 1.95 1.34-2.95 0.002
HbA; . (%) 1.19 0.78-1.79 0.53 4.88 2.09-13.79 0.004 6.69 3.5-14.44 <0.001
Number of anti-T2D treatments 1.85 1.19-2.96 0.04 3.51 1.85-7.65 0.002 4.98 2.98-9.13 <0.001
Insulin usage (yes/no)t 2.57 0.61-9.85 0.30 13.69  4.00-61.98 <0.001 47.81 15.57-187.96 <0.001
Age (years) 0.97 0.63-1.50 0.96 2.06 1.26-3.58 0.02 1.89 1.30-2.85 0.004
T2D duration (years) 1.48 0.94-2.35 0.18 5.32 2.32-15.24 0.002 6.73 3.66-13.93 <0.001
Sex (male/female)t 1.39 0.49-3.70 0.62 0.79 0.26-2.48 0.81 1.22 0.52-2.80 0.70
Kinetic variables during the 1st yeart
Weight lost (% baseline) 2.66 1.62-4.66 0.01 0.63 0.37-1.03 0.13 1.72 1.18-2.60 0.01
Fat mass lost (% baseline) 2.23 1.25-4.33 0.04 0.61 0.33-1.06 0.15 1.31 0.89-1.97 0.23
Fat-free mass lost (% baseline) 0.42 0.21-0.76 0.04 1.48 0.87-2.65 0.24 0.64 0.42-0.95 0.05
Trunk fat mass lost (% baseline) 0.75 0.45-1.23 0.37 1.03 0.59-1.80 0.97 0.77 0.51-1.14 0.24
1-year variables
Fasting glycemia (mmol/L) 1.28 0.82-1.97 0.37 2.17 1.16-4.75 0.07 2.40 1.60-3.83 <0.001
HbA;. (%) 1.01 0.64-1.56 1.00 5.64 2.40-16.87 0.002 3.63 2.25-6.31 <0.001
Number of anti-T2D treatments = = = = = = 20.50 (8.1-72.04) <0.001
Scorest
DiaRem (20) 1.11 1.01-1.22 0.06 1.26 1.14-1.43 <0.001 1.54 1.36-1.81 <0.001
Ad-DiaRem (21) 1.12 1-1.27 0.12 1.51 1.28-1.87 <0.001 1.84 1.55-2.32 <0.001
Sy-Ad-DiaRem 1.21 1.09-1.35 0.01 3.21 1.89-8.53 <0.001 1.94 1.57-2.63 <0.001

The variables were standardized using the following formula: z; = (x; — w)/o where p represents the variable’s mean and o its SD. Sex and
age were included in the regression model. See Supplementary Table 3 for the nonstandardized version of these ORs. *The group of patients
was used as the reference. tNonstandardized ORs. *Evolutions during the 1st year were calculated using the following formula: [(1-year
value) — (baseline value)]/(baseline value) X 100.

in 5y-DR (Supplementary Fig. 4), the most
important of which were diabetes dura-
tion and weight loss amount.

We then applied machine learning
methods to optimize the score (31).
As previously described (21), we applied
the Fully Corrective Binning approach
to attribute the optimal intervals and
weight for each variable. This approach
led us to identify the optimal score for
predicting 5y-DR, called “5y-Ad-DiaRem”
that is to be calculated at 1-year post-
surgery (Table 3). An online tool allowing
easy calculation of the score can be found
at http://5y-Ad-DiaRem.nutriomics.org.
Patients’ repartition according to their
scoring is shown in Fig. 1E. The 5y-Ad-
DiaRem displayed a better negative pre-
dictive value (90% vs. 82%) and positive
predictive value (80% vs. 67%) than the
DiaRem and reassigned 13 of 39 pa-
tients misclassified with the DiaRem
(i.e., score =7 while undergoing 5y-DR,
or a <7 while being in 5y-NDR). Thus,
the 5y-Ad-DiaRem displayed increased

accuracy (85% vs. 79%) and sensitivity
(90% vs. 72%), but the specificity re-
mained unchanged compared with the
DiaRem (Supplementary Table 2). Impor-
tantly, the 5y-Ad-DiaRem had very good
accuracy (>90%) for scores =11 to pre-
dict long-term remission and >18 to
predict long-term nonremission.

To evaluate the relevance of the 5y-
Ad-DiaRem in a wide range of patients
reflecting routine clinical care in differ-
ent European countries, we tested the
score’s validity in three independent
cohorts whose characteristics are sum-
marized in Supplementary Tables 4-6.
Whereas, the French cohort was similar
to the original BARICAN cohort, the Ger-
man cohort was older and more obese,
and the Italian cohort was younger yet
consisted of patients with more severe
T2D who were mostly men. In the French
confirmation cohort, the 5y-Ad-DiaRem
performed better than the DiaRem and
Ad-DiaRem in predicting 5y-DR (accuracy
89%, specificity 88%, sensitivity 89%, and

AUROC 90%) (Fig. 1F, Supplementary
Fig. 5A, and Supplementary Table 2).
In the other two independent cohorts,
the accuracy and AUROC (70% and 85%
in the Italian cohort and 90% and 91%
in the German cohort, respectively) to
predict long-term remission were ex-
cellent and confirmed the robustness
of our new score in a wide range of BMI
and T2D severity stages (Supplemen-
tary Fig. 5B and C and Supplementary
Table 2).

Clinical Relevance of the Scoring
System for Relapse and Nonremission
Patients

Whereas the 5y-Ad-DiaRem accurately
predicts longer-term DR post-RYGB, we
examined its clinical relevance for pa-
tients predicted to remain T2D or to
relapse at 5 years postsurgery. As dis-
played in Fig. 1E, most of the 5y-Relapse
patients were correctly classified, with a
score >11 (i.e., the fixed 5y-DR thresh-
old). Yet, eight patients who further

and E, green represents patients in 5y-DR; orange, those who relapsed after a transient remission; and red, those who remained with T2D during the
post-RYGB follow-up. Panels A and E represent the number of patients for each value of the score (Ad-DiaRem in A and 5y-Ad-DiaRem in E). In panel D,
the letter a means statistical difference (P < 0.05) between 5y-DR and 5y-NDR, b between 5y-DR and 5y-Relapse, and c between 5y-NDR and 5y-Relapse.
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Table 3—5y-Ad-DiaRem scoring system

Values

Preoperative prediction factors
T2D duration (years)
<1
[1; 3[
[3; 5[
[5; 71
=7
Number of antidiabetic medications*
0
1
2
=3
HbA,. (%)t
<6.3
[6.3; 6.9]
=6.9
Postoperative (1-year) prediction factors
Number of antidiabetic medication*
0
1
=2
Fasting blood glucose (mmol/L)
<4.8
[4.8; 5.3]
[5.3; 5.8[
=5.8
Body weight lost from baseline (%)t
< —34%
[—34; —25[ %
[—25; —20[ %
= —20%
1-year remission status§
DR
PDR
NDR

Overall score (sum of the 7 factors)

=11 predicts long-term remission
=18 predicts long-term nonremission

= O » WL O H W NP O

FNQEN

w N P O w N L O

v w o

The 5y-Ad-DiaRem can be easily computed using an online tool accessible on our website (http://
5y-Ad-DiaRem.nutriomics.org). Based on clinical values, the tool determines the score and gives
information about the predicted outcome. “[ ]” includes the value, whereas “[ [” does not.
*Includes all antidiabetic treatments, regardless of pharmacological class (insulin included).
THbA, . valuesin mmol/mol are as follows: 6.3% is equal to 45 mmol/mol, [6.3; 6.9[% = [45; 52[, and
6.9% represents 52 mmol/mol. $The weight loss during the 1st year is calculated using the
following formula: [(1-year body weight) — (baseline body weight)]/(baseline body weight) X 100.
§DR was defined according to American Diabetes Association criteria (5).

relapsed had a score <11 and thus were
misclassified. Interestingly, compared with
5y-DR patients, these eight patients
had a well-controlled diabetes at base-
line (i.e.,, 100% with HbA,. levels on
target at <7% [<53 mmol/mol] vs.
65% for the 5y-DR), but they lost less
weight than 5y-DR patients during the
1st year (—25% vs. —30%), approaching
statistical significance (P = 0.09). Al-
though classified as 5y-Relapse based
on biological threshold, five of these
eight patients (62%) were free of anti-
diabetic medications at 5 years post-
RYGB. By contrast, the 19 well-classified

5y-Relapse patients (5y-Ad-DiaRem
>11) displayed more severe diabetes at
baseline (i.e., mean Ad-DiaRem value
[9.4 vs. 3.9], P < 0.001) and a reduced,
but statistically nonsignificant, weight
loss (—21% vs. —25%) compared with
the 8 relapse patients with a score <11.
At 1 year, those 19 patients were mostly
PDR (84%), thus with higher fasting glu-
cose and HbA;. compared with relapse
patients with a score =11 who were
mostly (75%) in complete DR. Importantly,
although they experienced relapse, most
patients received oral glucose-lowering
agents compared with their previous
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regimens involving insulin therapy, show-
ing the beneficial effects of RYGB. How-
ever, insulin therapy was restarted in two
patients in this group.

Examining the 5y-NDR group (n = 54),
81% of the patients were well classified
with a 5y-Ad-DiaRem score =18, and
100% were >11 (i.e., the fixed 5y-DR
threshold) (Fig. 1E). T2D worsened in 30%
(n = 16) of the 5y-NDR group at 5 years
compared with baseline (as documented
with higher HbA,. values). These patients
had a high mean 5y-Ad-DiaRem of 20.
Importantly, the other patients of the NDR
group (n = 38) improved their metabolic
condition, although they remained obese
and with T2D (Supplementary Table 3).
Their BMI decreased by 10 kg/m? along
with improved body composition at 1
year. They subsequently regained a non-
significant amount of fat mass during
the rest of the follow-up. Their diabetes
control improved, as seen by reaching a
mean HbA; of 7.6% (60 mmol/mol) con-
comitantly with a significant reduction in
the number of glucose-lowering agents
and a reduction in insulin therapy (i.e.,
35 patients were on insulin therapy at
baselinevs. 19 at 1 yearand 15 at 5 years).
Interestingly, the type and number of
glucose-lowering agents was not signifi-
cantly different from 1 to 5 years post-
RYGB, suggesting that improvement
occurred early and further stabilized.
The HbA,. goal of <7% (53 mmol/mol)
was achieved in 34 of 54 patients 1 year
post-RYGB, which later decreased to
18 patients at 5 years. These NDR pa-
tients also improved their liver functions
(alanine aminotransferase and y-glutamyl
transferase), lipid values (triglycerides
and HDL-cholesterol), despite a reduction
in antilipid drugs, and improved their
blood pressure as seen by a reduction in
antihypertensive drugs.

Interestingly, 15 patients (21%) clas-
sified as NDR at 1 year experienced DR at
5 years. These patients were well clas-
sified by the Ad-DiaRem, with a score of
8 (thus, below the cutoff of 10 predicting
1y-DR) (21). They exhibited a remarkable
weight loss response, because they lost
the same amount as 5y-DR patients both
at 1 and 5 years.

CONCLUSIONS

Here, we propose the 5y-Ad-DiaRem, a
new score easily usable in routine care,
to predict longer-term (5-year) diabe-
tes status post-RYGB. This score displays
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a 90% accuracy to predict 5y-DR (thresh-
old =11). The 5y-Ad-DiaRem accurately
reclassified 13 patients compared with
the DiaRem (out of 39 errors) and 12
compared with the Ad-DiaRem (out of
38). The 5y-Ad-DiaRem predictive rele-
vance was confirmed in three independent
cohorts from different countries, includ-
ing a wide range of age and stages of T2D
severity before RYGB, thus suggesting
its robustness. The use of machine learn-
ing methods together with the selection
of features by physicians has again (21)
displayed its superiority compared with
clinical experience (20). Although RYGB
enables long-term T2D improvement in
most patients, some undergo T2D relapse
after 1 year, which is associated with lower
weight loss during the 1st year and weight
regain afterward, a clinical condition that
could be targeted for intervention.

Whereas an abundant literature
(8,10,11) demonstrates the efficiency
of BS in inducing 1y-DR, studies now
mention T2D relapse (8,13,32—-34) af-
terward. Therefore, it becomes crucial to
provide accurate mid- to long-term pre-
dictors to precisely adapt personalized
patient pathways (35). As such, patients
predicted to remain T2D would probably
benefit from a rigorous follow-up with
a specialized endocrinologist or nutri-
tionist. Alternatively, patients with pre-
dicted remission could benefit from
general practitioner or specialized nurse
counseling (36). This personalized strat-
egy might impact health care costs and
patients’ quality of life. Previous studies
examining DR and relapse mostly fo-
cused on bariatric cohorts with a rela-
tively small sample size in RCTs (<30
operated-on patients) (8,37) or similar
sample sizes to ours but on specific
subgroups (13). For instance, Arterburn
et al. (38) focused on a population of
veterans who were mostly males with a
higher prevalence of poor glycemic con-
trol than the usual bariatric population.
Population characteristic differences could
eventually explain the wide range of
observed relapse rates, going from 17%
(13) to 35% of patients undergoing 1y-DR
(8,33). Another recent study with 2-12
years post-RYGB follow-up assessed T2D
remission rates and showed a decrease
from 75 to 51% between years 2 and 12,
thus showing decreased beneficial effects
over time (39).

Our interest in developing this new
5y-DR prediction score lies in the modest

accuracy to predict longer-term DR
with previously described scores (15,20),
which were constructed to predict 1y-DR
(0.78 for both the DiaRem and the Ad-
DiaRem) (20,21). Indeed, whereas DiaRem
correctly predicted 5y-DR, patients
with the higher scores still underwent
5y-DR, suggesting a poor specificity (22).
In another cohort examined at 2 and
10 years post-RYGB, low DiaRem scores
reasonably predicted 5y-DR. However,
a third of their patients fell into the
score middle zone (8-17) where the
DiaRem displays its poorest accuracy.
This results in a 50% chance of patients
being misclassified (24). Our current
study is in agreement with this lim-
ited accuracy of the DiaRem for 5-year
prediction.

The ABCD score proved interesting to
predict 5y-DR (40), although the predic-
tive accuracy was not calculated. In ad-
dition, C-peptide measurements used in
this algorithm are expensive and not
widely performed in routine care, pre-
venting its generalization. Compared
with our 5y-Ad-DiaRem, the lack of ac-
curacy of the DiaRem might originate
from the weights that were optimized
locally and separately for each variable,
whereas here, machine learning meth-
ods found a global optimum weighting
(29).

Interestingly, the Ad-DiaRem (21) pre-
cisely predicted 5y-NDR (i.e., all patients
with a score =15), yet did not perform
well to predict 5y-Relapse. By contrast,
the 5y-Ad-DiaRem provided an optimal
separation between patients with 5y-DR,
5y-NDR, and 5y-Relapse. The 5y-Ad-
DiaRem partly relies on well-known pre-
surgical parameters associated with DR.
It is confirmed that the severity of T2D
(i.e., HbA;. [33], the number and type of
glucose-lowering agents) and its dura-
tion (15,21,33), which are key compo-
nents of the DiaRem (20), ABCD score
(15), Ad-DiaRem (21), and DiaBetter (41),
are critical to predict 1y-DR. Diabetes
duration is also associated with 2-year DR
(15,40,41). However, the use of weight
loss and remission status at 1 year im-
proved the predictive value of 5y-DR.

The importance of weight loss during
the 1st year has already been associated
with 1y-DR (42) and, interestingly, with
5y-DR (22,32,33,41), yet was never in-
cluded in a predictive score. Further-
more, our current random forest analysis
emphasizes the importance of weight loss
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in long-term remission (Supplementary
Fig. 4). A previous study (13) found a
17% prevalence of relapse in a cohort
similar to ours. However, their patients
lost more weight (despite having similar
baseline BMI), which could eventually
explain their lower rate of diabetes re-
lapse than that observed in our study.
Here, we found not only that 1-year
weight loss was significantly different
among our three trajectory groups but
also that the long-term weight regain
between 1 and 5 years (+8%) was asso-
ciated with higher risk of relapse, as
previously seen (13,22,33). Patients who
had stable weight in the long-term re-
mained in their original status (i.e., 5y-DR
or 5y-NDR), and relapse was associated
with increased fat mass at 5 years com-
pared with both 5y-DR and 5y-NDR. These
observations underline that weight
management is key to maintaining T2D
remission.

Noteworthy, our results are in line
with several studies that observed a
weight regain in their cohort (39,43),
yet the link with diabetes relapse was
not assessed in those studies. By con-
trast, another RCT (44) monitoring pa-
tients for 2 years post-RYGB confirmed
that weight stabilization after the 1-year
mark enabled the maintenance of the
proportion of patients achieving DR.
Importantly, diabetes control (HbA;., DR
status, and the number of antidiabetic
drugs) at 1 year was a major predictive
factor of longer-term outcomes in our
study. Patients who further relapsed
mostly exhibited partial DR at 1 year,
confirming previous results (33) and
suggesting the need to optimize T2D
control during the 1st year.

Using the Youden method (30), the 5y-
Ad-DiaRem threshold for 5y-DR was de-
termined as a score of =11, whereas the
cutoff for persistent T2D in the longer-
term was =18. Importantly, 96% of
patients with a score =11 were free
of antidiabetic medication at 5 years
compared with only 47% of patients
with a score >11 (P < 0.001). Whereas
some patients remained with T2D, we
show that they generally improved fur-
ther diabetes control post-RYGB (8,13).
However, a small portion of our cohort
only exhibited relatively little improve-
ment or even worsened after RYGB.

The strength of our study lies in the
development of this new score evaluated
in obese T2D patients, representative
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of usual bariatric cohorts with a myriad
of phenotypes, whom were monitored
for 5 years. The relevance of the 5y-Ad-
DiaRem was confirmed in three indepen-
dent RYGB cohorts from different countries
and, most importantly, with different
stages of T2D severity, yet all operated
on with RYGB, suggesting its robustness
in every clinical setting. Although the
number of patients exhibiting diabetes
relapse is low, it is concordant with
published data (8,13,32—34). The 5y-Ad-
DiaRem should now be validated in pa-
tients with lower BMI (30-35 kg/m?),
because literature demonstrates that
BS also enables DR in this population and
is associated with weight loss (45).

We acknowledge a few limitations. For
score development purposes, the test
cohort included 175 patients who had
not missed any of the follow-up time
points during the 1st year. The 5y-Ad-
DiaRem should be further evaluated in an
increased number of patients lacking a
full 1-year follow-up. Loss of patients to
follow-up remains a major issue in the
bariatric setting, which can reach 50% of
patients at 5 years (46), and has been
associated with poor weight loss out-
comes. Despite this limitation, the 5y-Ad-
DiaRem appeared robust when tested in
three independent cohorts from differ-
ent European countries, yet these were
all Caucasian populations. Further vali-
dation in other ethnic groups will be of
interest. Despite this, the current liter-
ature, including Africans Americans,
Caucasians, or different Asian ethnic
groups, displays no general effect of eth-
nicity in T2D remission after BS (47,48).

Conclusion

The 5y-Ad-DiaRem, which combines pre-
operative data with weight loss trajec-
tory and diabetes reoccurrence variables
obtained 1 year post-RYGB, is relevant to
predict 5y-DR in routine care. Although
some patients remained in NDR, they
still improved their clinical conditions,
as previously seen (8,13). We propose to
use the 5y-Ad-DiaRem score as an easily
integrated tool to identify patients at
risk for longer-term relapse during their
1-year follow-up assessments to propose
strategies targeting optimized weight
reduction and maintenance to maximize
the length of their remission. For exam-
ple, increasing physical activity should
be tested to evaluate whether it could
reduce T2D relapse as already seen in

the reduced incidence of T2D in glucose-
intolerant patients (49). Eventually, pa-
tients identified with the 5y-Ad-DiaRem
to remain in long-term NDR could also
be proposed add-on strategies to further
improve their diabetes control and pre-
vent long-term complications. For ex-
ample, restrictive dietary interventions
could be proposed because they were
shown to induce T2D remission along
with antidiabetic drugs cessation outside
the bariatric setting (50). These add-on
therapies should be evaluated in future
studies, and in this context, dedicated
prospective lifestyle interventions should
test patient metabolic benefits.
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