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Abstract

Purpose

Statistical models and scores have been recently suggested to predict remission of type 2
diabetes after bypass surgery, but their relevance in routine clinical practice still needs
evaluation. Our objective was to assess these methods on a French cohort and to compare
them with other easy-to-use models.

Materials and Methods

We investigated a cohort of 84 diabetic obese subjects who underwent Roux-en-Y gastric
bypass surgery. Diabetes remission one year after surgery was defined based on the American
Diabetes Association criteria. We tested six methods from the literature and four other
models to predict remission of diabetes after bypass surgery using pre-operative bioclinical
parameters. Predictive methods for diabetes remission were assessed using cross-validation
error rates when appropriate.

Results

60% of the subjects had diabetes remission. Models from the literature had high error rates in
our cohort (from 22.6 to 40.5 %), while published simple scoring systems behaved much
better (15.9 and 16.7%). Using other apprehensible models learned on our cohort did not
improve the prediction error (from 17.2 to 19.9%)).

Conclusions

We showed that the scoring system DiaRem is easy to use and provide the best prediction
error (15.9%) compared to other methods. We additionally propose a DiaRem score threshold
of < 6 for likely remission of a subject one year after surgery, which may be considered in

clinical decision-making.
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Introduction

Gastric bypass surgery has been shown to improve type 2 diabetes (T2D) condition in severe
obesity [1,2] and is increasingly used worldwide in the purpose of metabolic surgery [3].
Despite its recognized efficacy, operated patients respond differently to the intervention. T2D
remission is observed in 41 to 100% of subjects after bypass surgery and the percentage of
remission depends on the cohort under study as well as on the criteria used to define
remission [4—6]. It is thus important for patients, clinicians and surgeons to identify methods
that accurately predict patients’ outcomes, and to test their relevance in clinical practice.
Attempts have been made to find pre-operative bioclinical parameters associated with T2D
remission or to predict remission based on these parameters. Lower fasting plasma glucose
and HbAlc levels, shorter diabetes duration and persistent insulin secretion (as seen with
higher C-peptide values and absence of insulin therapy), younger age, higher Body Mass
Index (BMI) and lower prevalence of hypertension are common clinical variables that have
been the most frequently found associated with T2D remission [7,8]. Models including
logistic regression, decision trees or specific scoring systems have been used to predict T2D
remission [9-13]. However, the predictive performances of these methods have not been
validated in independent cohorts. They were often evaluated in only one cohort, using various
definitions of T2D remission, and sometimes mixing different surgical procedures. In
addition, most of the prediction errors were computed on the same dataset also used to build
the model, which can lead to an overly optimistic error estimate.

Our purpose here was to assess these available models and scoring systems on a French
cohort of morbidly obese diabetic subjects and compare them with other models built on our
cohort using usual bioclinical parameters associated with T2D remission. We focused on
models that could easily be used by clinicians and that were based on established methods

such as logistic regression and decision trees, but also considered penalization methods like
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lasso regression [14] or elastic nets [15]. We used a cross-validation estimate of the error rate

to estimate more accurately the behavior of the predictor on a new cohort.



Materials and Methods

Anthropometric and biochemical parameters

Eighty-four type 2 diabetic subjects with BMI > 35 kg/m?® were recruited in the Department
of Nutrition, Center of Reference for Medical and Surgical Care of Obesity, at the Institute of
Cardiometabolism and Nutrition (ICAN), Pitié-Salpétricre Hospital (Paris, France). All
subjects underwent gastric Roux-en-Y bypass (RYGB) surgery. T2D was defined as fasting
glycemia > 7 mmol/L or upon oral glucose tolerance test diagnostic (ie. glycemia at 120 min
> 11mmol/L) or use of any anti-diabetic treatment. The diagnosis of type 1 diabetes was
excluded by the clinical presentation of the diabetes and the absence of documented history
of diabetic ketoacidosis. One year after RYGB, diabetes remission was defined in agreement
with the American Diabetes Association (ADA) criteria of partial remission: no anti-diabetic
drug, glycemia < 7mmol/L and HbAlc < 6.5% [16]. Remission was assessed using the ADA
partial criteria to take into account subjects with overall improvement of their glycemic status
[6]. Blood samples were obtained after 12 hours of fasting prior to surgery and one year after.
Glucose and HbAlc were measured according to standard methods used in routine care at
Pitié-Salpétriere hospital. Circulating C-peptide was measured using the Architect
immunoassay (Abbot, USA). The ethic committee of the CPP Ile de France 1 approved the
clinical investigations (NCT00476658, NCT01655017, NCT01454232).

Statistical analysis

Six methods from the literature were used: simple logistic and J48 decision tree models from
Hayes et al. [9], two logistic regressions from Dixon et al. [10], and two scoring systems: one
from Lee at al. and the DiaRem score from Still et al. [11,12] (see detail in Supplementary
Information). In addition to those published methods, we applied logistic regression,

decision trees, lasso regression [14] and elastic nets [15] on 10 pre-operative parameters



usually associated with T2D remission: sex, age, BMI, fasting glycemia, HbAlc,
hypertension, T2D duration, insulin therapy, number of anti-diabetic drugs and C-peptide
value [7]. Decision trees and logistic regression hypothesize different kinds of data structures.
Lasso regression, which is based here on logistic regression, allows automatic feature
selection, but does not handle well correlated variables, while elastic nets are able to deal
with them. Specific scoring systems are built from usual statistical models, but are much
simpler to use, with the score being usually incremented when the value of a variable is
below or above a predetermined threshold. More detail is given in Supplementary
Information.

For logistic regression and decision trees a simple stratified 10x10 fold cross-validation was
used to compute the prediction error. When model parameters needed to be estimated, i.e.
thresholds for Lee and Still scoring systems and parameters for lasso regression and elastic
nets, prediction error was computed using a nested stratified 10x10 fold cross-validation
(Supplementary Figure 1). The internal cross-validation was used to estimate the
parameters of the models and the external cross-validation was used to estimate the
prediction error. All statistical analyses were done using the R software [17] and the “party”

and “glmnet” packages [18,19].



Results

Bioclinical parameters

Among the 84 diabetic obese subjects who underwent RYGB surgery, 50 (60%) achieved
diabetes remission (DR subjects) one year after surgery whereas 34 (40%) did not (DNR
subjects). The patient’s baseline bioclinical parameters are presented in Table 1. Gender and
BMI were not different between groups. However, as expected, DNR subjects were older,
had higher fasting plasma glucose, HbAlc and diabetes duration, as well as lower C-peptide
values. DNR subjects also presented a higher prevalence of hypertension and took more anti-
diabetic drugs at baseline, especially insulin therapy.

Scoring systems performed the best among state of the art methods

We then compared state of the art methods for prediction of T2D remission one year after
surgery on this cohort (Table 2). The Hayes and Dixon models featured good error rates in
their original cohorts (between 12 and 16%) but did not perform well on our French cohort
with error rates between 22.6 and 40.5%. The two scoring systems from Lee and Still did not
provide prediction error in their publications, but we were able to extrapolate information
from the published data (Table 2). Their methods behaved in a satisfactory manner on our
cohort with close cross-validation error rates of 15.9 (DiaRem score, Still et al.) and 16.7%
(Lee et al.). We estimated the cross-validation optimized thresholds, that were 5 for Lee et al.
(remission if score > 5) and 6 for the DiaRem score (remission if score < 6).

Other readable methods do not improve the prediction error

In an attempt to improve the cross-validated prediction error, we also built other easily
interpretable models (logistic regression, decision trees, lasso regression and elastic nets) in
our cohort using bioclinical parameters often associated with T2D remission (see Materials
and Methods) (Table 2). Not surprisingly, we managed to improve the error on the training

dataset with logistic regression to 7.1%. However, this is not a proper estimate of the
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prediction error and, in the absence of an independent test dataset, we estimated the error by
cross-validation. Here, the four methods displayed a similar behavior with elastic nets
presenting the lowest error rate (17.2%). None of the newly built models achieved better

results than the simpler scoring systems.
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Conclusion

Different models have recently been suggested to predict T2D remission after gastric bypass
surgery, but are not currently used in routine clinical practice to predict patient outcomes.
These models appeared to provide relatively good prediction errors between 12 and 16%
[9,10], but only poorly predicted T2D remission one year after RYGB surgery in our cohort
of 84 French diabetic obese subjects. This might be due to differences in the criteria used for
T2D remission: Dixon et al. solely based the definition on HbAlc value after surgery,
independently of glucose level or the use of anti-diabetic treatment [10]. Significantly higher
error rates in additional cohorts can be expected when error rates were not estimated by
cross-validation or on a separate test dataset. Hayes et al. indeed mentioned that they used
cross-validation for their variable selection, but not for their error rate computation [9].
Specifically, in the case of insulin therapy, their J48 decision tree predicts non-remission of
T2D for pre-operative fasting glycemia below 16.4 mmol/L. Since elevated fasting glycemia
is usually associated with non-remission [7], this prediction seems counter-intuitive and could
reflect overfitting of the data.

Two scoring systems have also been recently proposed by Still et al. (DiaRem score) and Lee
et al. to estimate the likelihood of T2D remission [11,12]. Although these scores were tested
in several cohorts, no threshold for prediction or a prediction error estimate was provided in
the original publications and we extrapolated information from the published data. The error
for the DiaRem score was lower in the original publication [12] compared to Lee’s (19.4% vs
27.3%) but it had been estimated from the training dataset, while Lee’s score error was
estimated from a test dataset, which makes them difficult to compare. In addition, Lee et al.
excluded subjects with low C-peptide values from their protocol, which may have enriched
the dataset for subjects who were more difficult to classify [11]. Interestingly, these scoring

systems provided significantly better results on our cohort. Both scoring systems present low
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error rates (15.9 and 16.7%) when predicting remission one year after surgery according to
the ADA partial criteria [16]. This means that out of 100 patients, we can obtain an accurate
prediction for 84 of them. However, the DiaRem score from Still et al. requires easily
accessible clinical information (age, HbAlc and anti-diabetic treatment), while the score
from Lee et al. might be more difficult to obtain. This score requires age and BMI, but also
diabetes duration which is frequently self-reported and difficult to assess, and C-peptide
which is not always measured in routine care. Our paper brings additional information by
providing a threshold for the DiaRem score, recommending to predict T2D remission of a
subject one year after bypass surgery for a DiaRem score below or equal to 6. We hope that
this threshold may be useful in clinical practice, and it would be interesting to confirm its
relevance in cohorts where the DiaRem score was already applied [12,20] and in others from
different countries.

It should be noted that we did not manage to improve the prediction error using other
classical methods that would be easy to use for clinicians. For example, current methods
often fail in subsets of subjects who resolve their diabetes despite very high pre-operative
HbAlc and the use of insulin therapy, most of them even achieving complete remission
according to the ADA criteria (glycemia < 5.6 mmol/L, HbAlc < 6%) [16]. Some other
crucial parameters, such as compliance to therapy, could partly explain such situations but
remain difficult to quantify properly.

We should point however to a few caveats of our approach. Firstly, the number of patients is
relatively small. Secondly, we focused on T2D remission one year after bypass surgery, but it
would be interesting to assess how these methods behave to predict longer term remission
[5], as well as for different bariatric surgery techniques. In addition to that, only easily
interpretable models were used, while more sophisticated methods might be needed to further

improve the prediction accuracy. For example, support vector machines, which allow for
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overfitting control and non-linear separation, or random forests, which combine multiple
decision trees in the hope of obtaining a better predictor, might be useful.
Within the limitations of the study, data suggest that a DiaRem Score below or equal to 6

would be a useful predictor of diabetes remission in subjects with T2D undergoing RYGB.
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Tables

Table 1: Comparison between DNR and DR subjects

DR (n=50) DNR (n=34)
Gender 15 M (30%) 13 M (38%)
Age (years) 46.96 +9.14 54.47 £ 11.02%*
BMI (kg/m?) 46.93 +£5.82 46.1 £6.62
Hypertension (N) 29 yes (58%) 31 yes (91%)**
Glucose (mmol/L) 725+1.8 9.24 £+ 3.09**
HbAlc (%) 7.01 +£1.03 8.21 + 1.32%**
C-peptide (ng/mL) 4.04 +1.64 2.2 £ 1.41%**
Diabetes duration (years) 3.86 + 4.64 14.21 £ 7.63%**
Anti-diabetic treatments (IN) 1.28 +£0.99 2.68 £ 1.01***
Insulin treatment (N) 6 yes (12%) 22 yes (65%)***

Data are meantsd. DR: subjects who resolved their diabetes one year after surgery. DNR:
subjects who did not resolve their diabetes. N: number. M: males. Groups were compared
with Student t-tests for quantitative parameters and Fisher exact tests for qualitative
parameters. P-values were adjusted for multiple testing using the Benjamini-Hochberg

procedure [21]. **p-value<0.01, ***p-value<0.001.
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Table 2: Prediction errors of the different models in percentage

Cross-
Train error Test error validation
error
Hayes - SL 13.4 31
Hayes - J48DT 12.6 34.5
Dixon - LR6 16 40.5
Dixon - LR7 12 22.6
Lee - Score 27.3°% 16.7 16.7
Still - Score 19.4° 15.5 15.9
LR 7.1 19.9
DT 13.1 17.6
Lasso 14.3 18.9
EN ¢ 13.1 17.2

Train error is the error from the original cohort. Test error is the error on our French cohort
with no cross-validation. Cross-validation error is the error on our cohort using stratified
10x10 fold cross-validation. The 3 best results per column are in bold font. SL: simple
logistic. J48DT: J48 decision tree. LR6: logistic regression for prediction of HbAlc < 6 one
year after surgery. LR7: logistic regression for prediction of HbAlc < 7 one year after
surgery. LR: logistic regression. DT: decision trees. EN: elastic nets. “Deduced from the data
provided in the paper using the best possible cut-off on the test dataset (remission is predicted
if score > 5). "Deduced from the data provided in supplementary material for the partial
remission definition at 14 months using the best cut-off, but with the limitation that the score
was already grouped by ranges (remission is predicted if score < 7). “All variables were

included in the model.

21



