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Review, performance comparison, and validation of models predicting type 2 diabetes 

remission after bariatric surgery in a Western European population. 

 

Abstract 

Purpose: The majority of patients with type 2 diabetes (T2DM) achieve remission after bariatric 

surgery. Several models are available to preoperatively predict T2DM remission. This study compares 

the performance of these models in a Western population one year after surgery and explores their 

predictive value in comparison to a model specifically designed for our study population.  

Materials and Methods: Prediction models were retrieved using a literature search. Patients were 

retrospectively selected from a database of the Antwerp University Hospital. Performance of the 

models was assessed by determining the area under the receiver operating characteristic curve 

(AUROC), the accuracy, the goodness-of-fit, and by comparing them to a custom-made logistic model.  

Results: The probability of T2DM remission was calculated using 11 predictive scoring models and 8 

regression models in a cohort of 250 patients. Complete T2DM remission occurred in 64.0% of patients. 

The IMS score (AUROC=0.912; accuracy=83.6%), DiaBetter score (0.907; 82.0%), and Ad-DiaRem score 

(0.903; 82.8%) best predicted T2DM remission and closely approached the performance of the custom-

constructed model (0.917; 84.0%). The model by Ioffe et al. (0.630; 69.2%), Umemura et al. (0.692; 

71.4%), and the ABCD score (0.757; 72.8%) were the least accurate. 

Conclusion: Most T2DM remission models reliably predicted one-year T2DM remission, with limited 

inter-model differences. The accuracy of most models approached that of the custom-constructed 

model, indicating a high predictive capability and performance in our patient cohort. To date, most 

models are only validated to estimate T2DM remission one year after surgery and they do not predict 

long-term remission.   
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Abbreviations 

95% CI  95% Confidence Interval 

ADA  American Diabetes Association 

AUROC  Area Under the Receiver Operating Characteristic curve 

BMI  Body Mass Index 

FPG  Fasting Plasma Glucose 

HOMA  Homeostatic Model Assessment 

IMS  Individualized Metabolic Score 

MDR  Metabolic surgery Diabetes Remission score 

OGTT  Oral Glucose Tolerance Test 

OR  Odds Ratio 

%EBMIL Percentage Excess BMI Loss 

%TWL  %Total Weight Loss 

ROC  Receiver Operating Characteristics Curve 

SD  Standard Deviation 

T2DM  Type 2 Diabetes Mellitus 

 

 

 

 



3 

 

Introduction 

Around 20% of patients with obesity have type 2 diabetes (T2DM), which is associated with a shortened 

life expectancy due to cardiovascular, renal, ophthalmic, and neurological complications [1-3]. Since 

the observation that T2DM can be brought into remission with obesity surgery, T2DM has become one 

of the main indications for performing bariatric procedures such as the Roux-en-Y Gastric Bypass 

(RYGB), sleeve gastrectomy, or biliopancreatic diversion. 

On average, remission rates after bariatric surgery vary between 30% and 90% depending on the 

procedure and the patient [4-8]. Nevertheless, because of the growing number of bariatric procedures 

performed every year, a large number of patients still fails to achieve remission. Although many 

variables have been correlated with T2DM remission, none are specific enough to predict T2DM 

remission on their own [8, 9]. Therefore, to date, several models have been developed that estimate 

the probability of T2DM remission after bariatric surgery based on a combination of predicting 

variables. Unfortunately, most of these prediction models have only been validated in specific patient 

populations, so their usability in different patient cohorts is often unclear. 

This study aimed to compare the accuracy of prediction models for T2DM remission after RYGB surgery 

in a Western European patient cohort. Additionally, to evaluate their population-specific statistical 

performance, existing models were compared to a custom-fitted model that was specifically designed 

to have maximal predictive accuracy in the studied patient cohort.  

Materials and methods 

Literature search and model selection 

Predictive scoring systems and regression models were identified through a systematic literature 

search in PubMed using the search term “diabetes remission AND prediction AND metabolic surgery”. 

No filters were used. Articles published before May 1, 2020 were screened for the presence of a scoring 

system or regression model intended to preoperatively predict T2DM remission after bariatric or 
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metabolic surgery. If a model was applied or cited, the original publication was retrieved and the 

original study cohort was taken into consideration.  

Study cohort 

A retrospective study cohort was compiled from an actively maintained database of the obesity surgery 

unit of the Antwerp University Hospital, localized in Western Europe (Belgium). Inclusion was limited 

to patients with T2DM who underwent a RYGB between January 1, 2008 and January 1, 2019, had a 

BMI ≥35 kg/m², a complete preoperative metabolic assessment, and a full 12-month follow-up. T2DM 

was defined in accordance with the ADA criteria as a fasting plasma glucose level >126 mg/dl (7 

mmol/L), a 2-hr plasma glucose level >200 mg/dl (11.1 mmol/L) during an oral glucose tolerance test 

(OGTT), or HbA1c above 6.5% (48 mmol/mol)[10]. Furthermore, patients were only included if their 

records contained all required data necessary to calculate the different prediction models. All RYGB 

procedures were conducted using an identical protocol, consisting of the construction of a small gastric 

pouch (30 cc) connected to an alimentary limb of 100-120 cm and a biliopancreatic limb of 50-70 cm. 

Patients undergoing other surgical procedures, without diabetes, with insufficient preoperative data 

or incomplete follow-up were excluded.  

Data collection 

Data collected for this study included all variables necessary to predict T2DM remission with the 

prediction models found in the literature together with additional variables that were reported as 

potential predictors for T2DM remission. A full list of collected variables is provided in supplementary 

material 1. Partial and complete T2DM remission were defined in accordance with the criteria of the 

ADA and summarized in Table 2 of Supplementary File 1 [11]. Both definitions required that remission 

was sustained for at least one year. Because the majority of T2DM remission prediction models 

determined T2DM remission one year after bariatric surgery, our study also determined the remission 

status 12 months after the RYGB. Insulin resistance, insulin sensitivity, and beta cell function were 

calculated using the updated HOMA model [12, 13]. 
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Complete remission was the primary outcome of this study. However, since some studies combined 

complete and partial T2DM remission, analyses were repeated for this definition. Furthermore, 

metformin therapy is sometimes continued after achieving complete T2DM remission. Therefore, a 

third definition of remission (“complete remission with metformin”) was added. Results for the last 2 

definitions are reported in the supplementary material. 

This study was conducted in accordance with the Helsinki declaration and retrospective data collection 

was approved by the ethical committee of the Antwerp University Hospital.   

 

Statistical analysis 

Baseline and postoperative patient characteristics were statistically analyzed using a Student’s t, 

Mann-Whitney U, or Chi-Square test when appropriate. T2DM remission scores were calculated for 

each patient and each prediction model. Beta values of logistic regression models were recalibrated 

for this study.   

The custom prediction model which indicated the maximal predictive potential of a T2DM remission 

model in the study cohort was constructed based on a two-stage selection process. In the first stage, 

the link between all preoperative variables and T2DM remission was univariately analyzed using a 

logistic regression model, only retaining variables with p<0.010. In the second stage of the model 

construction, a multivariate logistic regression analysis using a forward stepwise selection strategy 

based on the Wald coefficient was conducted to construct the final T2DM prediction model. In this 

analysis, predictors for T2DM were ranked based on their Wald coefficient, with higher coefficients 

indicating more importance of the predictor in the fit of the model. Subsequently, predictors were 

removed until the point when the goodness of fit of the model started to drop. Outcomes of the 

regression model were presented as the beta value together with the corresponding Wald coefficient, 

odds ratios (OR), and 95% confidence intervals (95% CI).  
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For each of the existing models, the sensitivity and specificity were plotted in receiver operating 

characteristic (ROC) curves. The area under the ROC curve (AUROC) was calculated using the method 

described by DeLong et al. [14]. The statistical performance of the different remission models was 

assessed by comparing the accuracy, predicted-to-observed ratio, and AUROC values between the 

existing models and with the custom model. Cut-off values were determined using the Youden index. 

The goodness of fit of the different logistic regression models was determined with the Hosmer-

Lemeshow statistical test. A p-value below p<0.05 indicated a lack of fit. Statistical analyses were 

conducted using SPSS (Version 26, IBM Corporation Armonk, NY, USA) and R statistical software 

(Version 3.6.3, package pROC, R Core Team 2020). 

 

Results 

Literature search and model overview 

The literature search identified 172 articles, describing 12 predictive scoring models and 8 predictive 

logistic regression models [8, 15-32]. The model by Ugale et al. was excluded since it required a mixed-

meal test before surgery which is not routinely performed in our patients [31]. An overview of the 19 

models and their predictor variables is provided in Table 1 and in more detail in Supplementary File 1.  

Patient characteristics 

Between January 1, 2008 and January 1, 2019 a total of 1525 patients underwent a RYGB of whom 359 

(23.5%) had T2DM before surgery (Figure 1). Of these patients, 109 were excluded because of a missing 

C-peptide measurement (n=50), an unknown remission status (n=21), or an undocumented T2DM 

duration (n=12). Another 26 patients were lost to follow-up or were postoperatively followed 

elsewhere. As a result, the final study cohort consisted of 250 patients.  

After one year, 160 (64.0%) patients achieved complete T2DM remission, 8 (3.2%) had partial 

remission, and 14 (5.6%) patients were biochemically in complete remission but were still treated with 
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metformin (Table 2, Supplementary File 2). Patients with complete remission had a significantly shorter 

preoperative diabetes duration, better metabolic control (e.g. lower HbA1c levels), more weight loss, 

and required less antidiabetic medication (Table 2). T2DM duration, insulin use, the number of 

antidiabetic drugs, fasting glucose levels, C-peptide levels, and HbA1c values strongly correlated with 

each other (p<0.001). Although weight loss after bariatric surgery cannot be used as a preoperative 

predictor, the amount of weight loss proved to be strongly associated with T2DM remission (p<0.001). 

Weight loss alone correctly predicted T2DM remission in 71.2% of patients (AUROC 72.7%), indicating 

that other variables were involved as well. Models which incorporate %TWL, together with conversions 

to other definitions of T2DM and units are provided in Supplementary File 4 and 5.  

The mean remission scores of patients with and without diabetes remission differed significantly for 

each model (p<0.001, Table 3). 

Construction of a reference model to predict T2DM remission in the study cohort. 

To assist in the evaluation of the existing prediction models, a custom logistic regression model was 

constructed based on the characteristics of the patient cohort (Variables included and their impact 

on the model are displayed in Table 4). The most important predictors were (in descending order): 

diabetes duration, insulin use, the number of antidiabetics used and % HbA1c:  

𝐿𝑜𝑔(𝑂𝑑𝑑𝑠) =  5.707                                                  − 0.153 × 𝑑𝑖𝑎𝑏𝑒𝑡𝑒𝑠 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑦𝑒𝑎𝑟𝑠)                                  − 0.276 × 𝐻𝑏𝐴1𝑐 (%)                                                                            − 1.434 (𝑖𝑓 𝑜𝑛 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 )              − | 2.039 (𝑖𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 1 𝑎𝑛𝑡𝑖𝑑𝑖𝑎𝑏𝑒𝑡𝑖𝑐 𝑑𝑟𝑢𝑔)         2.599 (𝑖𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ ≥ 2 𝑎𝑛𝑡𝑖𝑑𝑖𝑎𝑏𝑒𝑡𝑖𝑐 𝑑𝑟𝑢𝑔𝑠) 

This model correctly predicted T2DM remission in 83.6% of patients with a positive and negative 

predictive value of respectively 84.8% and 81.0%, a sensitivity of 90.6%, specificity of 71.1%, and 

AUROC of 0.913. After adding cut-off points to the model, the accuracy increased to 84.0% and the 

AUROC to 0.917 (Figure 3a). The model overestimated T2DM remission in only 5% of patients. A 

conversion of the model to a scoring tool can be found in Supplementary File 3. 
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𝐿𝑜𝑔(𝑂𝑑𝑑𝑠) =  5.165                                                   − | 0.852 (𝑖𝑓 𝑇2𝐷𝑀 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 2 − 3 𝑦𝑒𝑎𝑟𝑠)  2.123 (𝑖𝑓 𝑇2𝐷𝑀 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 ≥ 4 𝑦𝑒𝑎𝑟𝑠)                                  
− || 1.190 (𝑖𝑓 𝐻𝑏𝐴1𝑐 (%) 6 − 7%  2.643 (𝑖𝑓 𝐻𝑏𝐴1𝑐 (%) 7 − 8% 1.275 (𝑖𝑓 𝐻𝑏𝐴1𝑐 (%) 8 − 9% 2.428 (𝑖𝑓 𝐻𝑏𝐴1𝑐 (%) ≥ 9%                                                                          
− | 1.755 (𝑖𝑓 𝑜𝑛 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 )              − | 1.594 (𝑖𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 1 𝑎𝑛𝑡𝑖𝑑𝑖𝑎𝑏𝑒𝑡𝑖𝑐 𝑑𝑟𝑢𝑔)         1.782 (𝑖𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ ≥ 2 𝑎𝑛𝑡𝑖𝑑𝑖𝑎𝑏𝑒𝑡𝑖𝑐 𝑑𝑟𝑢𝑔𝑠) 

Assessment of the performance of existing models for T2DM remission by comparison with the custom 

model. 

Existing prediction scoring models had an average AUROC between 75.7% and 91.2% (Figure 2). Similar 

AUROC values were seen for the logistic regression models, ranging between 63.0% and 90.2% (Figure 

3). Models always had a higher sensitivity than specificity and tended to overestimate T2DM remission 

rates as shown by the predicted-to-observed ratio (Table 5). The general accuracy of the models was 

high, with most models correctly predicting diabetes remission in more than 80% of cases.  

Compared to the constructed model (Figure 3a), the IMS score, DiaBetter score, Ad-DiaRem score, and 

DiaRem score best predicted T2DM remission with a difference in AUROC of less than 2% (Table 5)[15, 

16, 24, 30]. Similarly, the logistic regression models of Stallard et al., Ramos Levi et al., and Hayes et al. 

predicted T2DM remission with the highest accuracy (Table 5)[18, 25, 28]. The predictive power of 

most models was not significantly altered if other definitions of T2DM remission were used 

(Supplementary File 6).    

Discussion 

Numerous models to predict T2DM remission have been reported in the literature and, due to the 

large availability of models, it is often unclear for clinicians which model is best suited to predict 

diabetes remission in their specific population.  

Our results indicate that most of the existing prediction models accurately forecast T2DM remission in 

a European cohort of bariatric surgery candidates. Although most prediction models include different 

predictor variables, the predictive performance remains largely comparable. This phenomenon can be 
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explained by the presence of collinearity. Primary variables such as diabetes duration, HbA1c levels, C-

peptide, or the need for diabetes medication (e.g. insulin) reflect the same impairment of the beta cell, 

the adipose tissue, and the obesity-related insulin resistance. Therefore, these predicting variables are 

strongly correlated and thus largely interchangeable without significantly affecting the accuracy of the 

model. Moreover, because they are strong predictors, the inclusion of only some of them will quickly 

increase the model’s predictive potential. The best performance is seen in models that include 3 (or 

more) diabetes-related predictor variables. From this point, further gains in performance are mostly 

achieved by adding secondary, non-T2DM-related variables to the model. These secondary variables 

mostly reflect differences in basic patient characteristics (e.g. age, gender, BMI). These variables do 

not raise the predictive power of the model as much as the primary variables, but they help to 

maximize the accuracy.  

As part of the secondary aim of this study, we evaluated how well the existing models were able to 

predict T2DM in the studied patients’ cohort. We expected it to be impossible for any model to predict 

T2DM remission with an accuracy of 100% due to a large number of unpredictable and missing 

preoperative and postoperative variables. Therefore, starting from over 60 variables, we devised a 

custom-fitted model with the intent of having the model with the highest achievable predictive 

performance in the studied cohort. By comparing the existing models with this custom model, we were 

able to evaluate how well each model performed.  

Especially the IMS score, DiaBetter score, Ad-DiaRem score and DiaRem score closely matched the 

performance of the custom-designed model. Other models (e.g. score by Ioffe, score by Umemura) 

predicted T2DM remission up to 18% less accurate and overestimating remission by up to 50% 

prediction errors (custom model only 5%). While this indicates that most models performed generally 

well in our study, this also suggests that the validation of T2DM models is advised before models can 

be translated to other patient cohorts with potentially different compositions. It is also for this reason 

that we do not recommend that our statistical model is clinically used as a T2DM remission prediction 

model.  
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Another observation of this study is the strong correlation of weight loss with T2DM remission. This 

can most likely be explained by the reduction of insulin resistance due to the loss of visceral adiposity, 

reduced glucose production and better beta cell function. Recently, identical metabolic improvements 

were seen after weight loss caused by a RYGB or a diet alone [33]. Hence, long-term weight loss should 

be pursued in every patient with T2DM either by weight-loss surgery or by dietary interventions.  

To date, mostly studies performed in Asia have compared different prediction models for T2DM 

remission [34-38]. These studies are generally difficult to translate to patient cohorts elsewhere in the 

world due to differences in patient characteristics (e.g. BMI, age), genetic backgrounds, metabolic 

factors, environmental effects, and treatment modalities. In a recent study in Taiwan, Shen et al. 

studied different predictive models in patients undergoing a sleeve gastrectomy [35]. In contrast to 

our results, they observed a higher discriminative power of the ABCD score, while the score by Robert 

et al. performed much worse. Similarly, Chen et al. reported better predictions with the ABCD score 

compared to the IMS score [38]. 

The use of models to predict T2DM remission is subject to some limitations. Because the majority of 

models predict the T2DM remission status one year after surgery, we also limited our focus to the first 

postoperative year. While this was methodologically necessary to correctly compare the different 

models, it prevented us from drawing any conclusion about the long-term performance of these 

models. In the long term, we expect prediction models to be less accurate because of the increasing 

effects of external factors (e.g. treatment, lifestyle, genetics, dietary habits) over time. This was 

recently demonstrated in a comparative study by Dicker et al. [37].   

Secondly, these models are not explanatory. They predict an outcome but do not explain the 

underlying mechanisms which lead to T2DM remission. T2DM remission is likely linked to a large 

number of variables, of which most are not even included in the current models. Factors such as 

physical activity, genetic background, biochemical changes after surgery (e.g. inflammation), and 

altered metabolism of the adipose tissue all affect the glucose homeostasis before and after bariatric 
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surgery [39-41]. Conversely, because these models do not indicate how remission is achieved, they 

also fail to explain why T2DM persists in some patients. A long duration of T2DM or insufficient weight 

loss are undoubtedly associated with T2DM persevering after bariatric surgery. Yet, some patients in 

our study seemingly having an ideal profile still failed to achieve remission without a clear cause. To 

address this issue, future models should determine T2DM according to the profile of patients, which 

is based on functional, biochemical, metabolic and genetic factors. Such models require the inclusion 

of large patient cohorts, sampled internationally, and with the collection of a large number of variables. 

Finally, most of the current models are static. Continuing advancements in the management of T2DM 

and new treatment options may necessitate adaptations to the models over time.    

 

Conclusion 

This study demonstrated that most of the existing models to predict T2DM remission have a high 

accuracy in a population of patients undergoing bariatric surgery in Europe. Nevertheless, since the 

accuracy of these models can differ between patient cohorts, validation before clinically use is 

recommended. To date, most models focus on short-term remission which limits their clinical use. 

Newer models should focus on predicting long-term T2DM remission based on more specific metabolic 

profiles and variables. 
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Tables 

Table 1 – Overview of the different diabetes remission models 

Overview of the variables included in the different scoring systems and predictive logistic regression models. 

Two versions of the ABCD score with revised score assignments have been published to date. *postoperative 

variable. Additional details for each model are available in the supplementary material (Supplementary 

Material 1). IMS, individualized metabolic score; MDR score, metabolic surgery diabetes remission score. 

 

 

 

 

 

 

 

 

 

 

Remission prediction model Year Variables 

Predictive Scoring models   

ABCD score v1 [21] 2013 Age, BMI, C-peptide, diabetes duration 

Score by Robert et al. [26] 2013 BMI, diabetes duration, fasting glucose, HbA1c, oral anti-diabetic 

agents (not insulin) 

Score by Dixon et al. [17] 2013 C-peptide, diabetes duration, weight loss* 

DiaRem score [30] 2014 Age, HbA1c, insulin use, other antidiabetic drugs (not metformin) 

ABCD score v2 [20] 2015 Age, BMI, C-peptide, diabetes duration 

IMS score [15] 2017 Diabetes duration, HbA1c, insulin use, number of diabetes drugs 

Ad-DiaRem score [16] 2017 Age, diabetes duration, HbA1c, insulin use, other glucose-

lowering agents, number of glucose-lowering agents 

DiaBetter score [24] 2018 Diabetes duration, HbA1c, type of diabetes medication 

DiaRem2 score [29] 2019 Age, HbA1c, insulin use, diabetes duration 

Score by Umemura et al. [32] 2020 Fasting insulin, diabetes duration 

MDR score [22] 2020 Age, HOMA2 beta cell function, diabetes duration, HbA1c 

Predictive regression models   

Hayes et al. [18] 2011 HbA1c, insulin use 

Dixon et al. [17] 2013 BMI, C-peptide, diabetes duration 

Ramos-Levi et al. [25] 2014 Age, C-peptide, diabetes duration, fasting glucose, gender, insulin 

use 

Panunzi et al. [8] 2016 BMI, diabetes duration, fasting glucose 

Park et al. [23] 2016 Age, BMI, C-peptide, HbA1c, insulin use 

Scopinaro et al. [27] 2017 BMI, insulin use 

Stallard et al. [28] 2017 Diabetes duration, fasting glucose, insulin use, number of 

diabetes medication other than insulin 

Ioffe et al. [19] 2019 C-peptide 
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Table 2 – Patient characteristics 

Patient characteristics are displayed for the total cohort and based on the diabetes remission status. Results are 

displayed as the mean ± standard deviation (SD) or the number with percentage. BMI, body mass index; OGTT, oral 

glucose tolerance test; %TWL, percentage total weight loss; %EBMIL, percentage excess BMI loss. Statistical analysis with 

a student’s t-test or Chi-Square test. Details on the patient characteristics for the combined complete and partial 

remission group and group preventively treated with metformin after surgery is provided in Supplementary Material 2. 

 

 

 

Parameters 

Mean ± SD or N (%) 

Total cohort  

(n=250) 

Complete remission 

(n=160) 

No remission  

(n=90) 
p-value 

Age (years) 50.8 ± 9.7 49.9 ± 10.7 52.3 ± 7.5 0.035 

Female gender 142 (56.8) 92 (57.5) 50 (55.6) 0.766 

Smoking 58 (23.2) 40 (25.0) 18 (20.0) 0.369 

Anthropometric data     

Weight (kg) 118.6 ± 21.0 119.0 ± 20.7 117.9 ± 21.5 0.681 

Length (cm) 168.9 ± 10.1 168.6 ± 9.5 169.5 ± 11.1 0.501 

BMI (kg/m²) 41.5 ± 5.9 41.8 ± 5.7 41.0 ± 6.2 0.302 

Diabetes characteristics     

Diabetes duration (years) 4.1 ± 5.8 1.6 ± 3.2 8.6 ± 6.8 <0.001 

HbA1c (%) 7.2 ± 1.6 6.6 ± 1.2 8.2 ± 1.6 <0.001 

Fasting C-peptide (ng/mL) 4.4 ± 2.0 4.7 ± 1.8 4.0 ± 2.3 0.008 

Fasting plasma glucose (mg/dL) 143.4 ± 59.9 125.8 ± 47.1 174.7 ± 67.2 <0.001 

OGTT glucose after 2 hrs. (mg/dL) 229.5 ± 67.5 226.3 ± 60.2 236.1 ± 80.6 0.362 

Fasting blood insulin (mU/L) 30.4 ± 28.4 32.7 ± 39.6 29.6 ± 23.0 0.585 

OGTT insulin after 2 hrs. (mU/L) 159.4 ± 127.0 180.9 ± 127.2 86.9 ± 96.9 <0.001 

HOMA2 Insulin resistance 3.9 ± 2.9 3.9 ± 1.8 4.1 ± 4.2 0.683 

HOMA2 % Beta cell function (%) 121.8 ± 64.8 146.1 ± 60.3 78.4 ± 47.6 <0.001 

HOMA2 % Insulin sensitivity (%) 36.7 ± 53.6 30.0 ± 11.6 48.8 ± 87.1 0.044 

Microvascular complications 20 (8.0) 2 (1.3) 18 (20.0) <0.001 

Macrovascular complications 26 (10.4) 9 (5.6) 17 (18.9) 0.001 

Diabetes treatment     

Metformin 187 (74.8) 107 (66.9) 80 (88.9) <0.001 

Sulphonyl urea 43 (17.2) 17 (10.6) 26 (28.9) <0.001 

GLP-1 agonists 14 (5.6) 7 (4.4) 7 (7.8) 0.261 

Insulin 64 (25.6) 9 (5.6) 55 (61.1) <0.001 

Lipid metabolism     

Triglycerides (mg/dL) 203.9 ± 151.2 199.6 ± 161.9 211.5 ± 130.7 0.551 

Total cholesterol (mg/dL) 184.9 ± 42.1 191.8 ± 41.3 172.7 ± 41.0 0.001 

High-density lipoprotein (mg/dL) 43.4 ± 12.2 44.2 ± 12.2 42.1 ± 12.1 0.191 

Statin treatment 84 (33.6) 45 (28.1) 39 (43.3) 0.015 

Postoperative outcomes (12 months)     

BMI (kg/m²) 30.8 ± 5.3 30.1 ± 5.1 32.2 ± 5.5 0.003 

%TWL (%) 25.5 ± 8.5 27.9 ± 7.9 21.4 ± 7.9 <0.001 

%EBMIL (%) 67.7 ± 24.6 73.1 ± 23.6 58.1 ± 23.3 <0.001 

Triglycerides (mg/dL) 126.2 ± 64.5 111.7 ± 48.3 149.0 ± 78.9 <0.001 

Total cholesterol (mg/dL) 162.9 ± 32.4 165.8 ± 32.4 158.4 ± 32.1 0.122 

High-density lipoprotein (mg/dL) 51.2 ± 15.1 53.1 ± 16.3 48.4 ± 12.9 0.038 

Complete remission 160 (64.0)    

Partial remission 8 (3.2)    

Complete remission with continued 

preventive metformin therapy 
14 (5.6) 
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Table 3 – Implementation of the different diabetes remission prediction models in the study 

cohort. 

A. Predictive scoring models 

Predictive scoring models 

Complete remission   

Yes (n= 160) No (n= 90)  
Wald 

Coëfficient 
Median  

[Min-Max; IQR] 

Median  

[Min-Max; IQR] 
p-value 

     

ABCD score v1 [21] 7 [3-10; 2] 5 [2-9; 2] <0.001 39.5 

Score by Robert et al. [26] 4 [1-5; 2] 2 [0-5; 2] <0.001 71.1 

Score by Dixon et al. [17] 3 [1-3; 1] 1 [0-3; 1] <0.001 59.9 

DiaRem score [30] 2.5 [0-20; 4] 15 [1-21; 9] <0.001 72.8 

ABCD score v2 [20] 7 [3-10; 2] 5 [2-9; 2] <0.001 49.8 

IMS score [15] 16 [0-130; 26] 93 [13-149; 57] <0.001 74.2 

Ad-DiaRem score [16] 5 [0-21; 2] 13 [4-21; 8] <0.001 71.2 

Diabetter score [24] 1 [0-8; 1] 6.5 [1-9; 4] <0.001 78.4 

DiaRem2 score [29] 2 [0-25; 3] 15 [1-25; 11.7] <0.001 68.0 

Score by Umemura et al. [32] 2 [0-2; 0] 1 [0-2; 1] <0.001 19.9 

MDR score [22] 8 [2-10; 2] 4.5 [0-9; 3] <0.001 68.7 

B. Predictive logistic regression models 

 Equation 

Hayes et al. [18] Log(odds) = 4.902 – (0.497 x HbA1c %) – (2.679 x insulin use) 

Dixon et al. [17] Log(odds) = 1.265 + (0.016 x BMI) – (0.028 x C-peptide) – (0.301 x 

diabetes duration) 

Ramos-Levi et al. [25] Log(odds) = 4.291 – (0.009 x age) – (0.089 x C-peptide) – (0.205 x 

diabetes duration) – (0.472 x female gender) – (0.009 x fasting glucose) – 

(1.972 x insulin use)  

Panunzi et al. [8] Log(odds) = 2.919 + (0.013 x BMI) – (0.273 x diabetes duration) – (0.012 x 

fasting glucose)  

Park et al. [23] Log(odds) = 5.857 – (0.025 x age) + (0.012 x BMI) – (0.046 x C-peptide) – 

(0.489 x HbA1c %) – (2.723 x insulin use) 

Scopinaro et al. [27] Log(odds) = 0.837 + (0.015 x BMI) – (3.264 x insulin use) 

Stallard et al. [28] Log(odds) = 3.276 – (1.509 x diabetes duration >4 years) – (0.005 x fasting 

glucose) – (2.466 x insulin use) – (0.639 x number of antidiabetic drugs 

other than insulin) 

Ioffe et al. [19] Log(odds) = -0.353 + (0.216 x C-peptide)  

The median score for patients with and without T2DM remission after RYGB surgery for each score is 

displayed in part A. All scores significantly differed between both groups. The Wald statistic is provided 

for each remission score, indicating how well the scoring model explained T2DM remission. Logistic 

regression model equations, calibrated for the studied patient cohort, are displayed in part B of the 

table. Units used in the equations: C-peptide (ng/mL), glucose (mg/dL), BMI (kg/m²), HbA1c (%). For 

conversions to other units and to other remission definitions see supplementary file 5. 

 



20 

 

Table 4 – Construction of a custom logistic regression model. 

Influence of the studied variables on complete remission in a univariate and multivariate logistic regression model. No significant effects of weight, length, 

preoperative BMI, GLP-1 analog use, fasting insulin levels, OGTT glucose levels after 12 minutes, triglycerides, or high-density lipoprotein levels were observed in the 

univariate analysis (not displayed). Only variables with a significance level below 0.10 were entered in a multivariate logistic regression analysis and selected using a 

forward stepwise selection strategy based on the probability of the likelihood-ratio statistical parameter. Following the analysis, only diabetes duration, percentage 

HbA1c, number of antidiabetic drugs, and insulin were retained in the final model. OGTT, oral glucose tolerance test; OR, odds ratio; 95% CI, 95% confidence interval. 

 Univariate Analysis  Multivariate Analysis 

   Exp(B)     Exp(B)  

 B Wald OR (95% CI) p-value  B Wald OR (95% CI) p-value 

Patient characteristics          

Age -0.270 3.6 0.97 (0.95-1.00) 0.056      

Diabetes characteristics          

Diabetes duration -0.299 52.7 0.74 (0.68-0.80) <0.001  -0.153 9.5 0.86 (0.78-0.95) 0.002 

Fasting C-peptide 0.216 7.7 1.24 (1.07-1.45) 0.005      

Fasting plasma glucose -0.016 29.4 0.984 (0.979-0.990) <0.001      

OGTT insulin after 2 hrs. 0.010 14.0 1.010 (1.005-1.016) <0.001      

HOMA2 % Beta cell function 0.024 51.4 1.024 (1.018-1.031) <0.001      

HOMA2 % Insulin sensitivity -0.024 11.5 0.976 (0.962-0.990) 0.001      

HbA1c % -0.809 42.9 0.45 (0.35-0.57) <0.001  -0.276 4.4 0.76 (0.59-0.98) 0.036 

Microvascular complications (Ref= no) -2.983 15.5 0.051 (0.011-0.224 <0.001      

Macrovascular complications (Ref= no) -1.363 9.8 0.26 (0.11-0.60) 0.002      

Diabetes treatment          

Diabetes treatment status (Ref= no) -3.641 12.7 0.026 (0.004-0.194) <0.001      

Number of antidiabetic drugs (Ref= 0)          

  1 -2.586 6.3 0.075 (0.010-0.572) 0.012  -2.039 3.8 0.13 (0.02-1.02) 0.052 

≥2 -4.949 22.6 0.007 (0.001-0.055) <0.001  -2.599 5.4 0.074 (0.008-0.671) 0.021 

Insulin use (Ref= no insulin) -3.272 65.1 0.038 (0.017-0.084) <0.001  -1.434 8.3 0.238 (0.090-0.633) 0.004 

Metformin use (Ref= no metformin) -1.377 13.5 0.25 (0.12-0.53) <0.001      

Sulphonyl urea use (Ref= no SU) -1.229 12.6 0.29 (0.15-0.58) <0.001      

Lipid metabolism          

Total cholesterol 0.012 11.2 1.012 (1.005-1.019) 0.001      

Statin use (Ref=no) -0.670 5.9 0.51 (0.30-0.88) 0.015      
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Table 5 – Statistical comparison of the predictive performance of scoring models and logistic regression models. 

The performance of each model was compared to the logistic regression model that was constructed for our study cohort. The goodness-of-fit, which assesses 

whether the observed T2DM remission rates matches the expected remission rates, was determined by the Hosmer-Lemeshow statistical test. Lower Chi-square 

values and high p-values indicate a good fit. Sensitivity, specificity and accuracy of the models was determined for the complete patient cohort. ROC-curves and the 

area under the ROC curve (AUROC) are available in Figure 2 and 3. A p-value <0.05 indicates a significant difference in AUROC from the reference model. 95% CI, 95% 

confidence interval.

Model 

Hosmer-Lemeshow Model Sensitivity 

(%, 95% CI) 

Model Specificity 

(%, 95% CI) 

Model Accuracy 

(%, 95% CI) 

Predicted-to-

observed ratio 

AUROC ratio compared to 

constructed model (p-value) Chi-square p-value 
        

Logistic model constructed for 

the study cohort (reference) 
1.509 0.993 90.0 (84.3-94.2) 73.3 (63.0-82.1) 84.0 (78.9-88.3) 1.05 1.00 (Reference) 

        

Predictive scoring models        

ABCD score v1 [21] 13.576 0.059 81.9 (75.0-87.5) 56.7 (45.8-67.1) 72.8 (66.8-78.2) 1.06 0.83 (p<0.001) 

Score by Robert et al. [26] 1.274 0.973 90.6 (85.0-94.7) 68.9 (58.3-78.2) 82.8 (77.5-87.3) 1.08 0.95 (p=0.004) 

Score by Dixon et al. [17] 6.047 0.418 86.5 (80.0-91.4) 62.5 (51.5-72.6) 77.8 (72.0-82.8) 1.08 0.91 (p<0.001) 

DiaRem score [30] 10.404 0.238 93.1 (88.0-96.5) 65.6 (54.8-75.3) 83.2 (78.0-87.6) 1.13 0.98 (p=0.142) 

ABCD score v2 [20] 4.280 0.831 86.3 (79.9-91.2) 57.8 (46.9-68.1) 76.0 (70.2-81.2) 1.10 0.88 (p<0.001) 

IMS score [15] 7.698 0.360 91.3 (85.8-95.1) 70.0 (59.4-79.2) 83.6 (78.4-88.0) 1.08 0.99 (p=0.558) 

Ad-DiaRem score [16] 18.545 0.017 89.4 (83.5-93.7) 71.1 (60.6-80.2) 82.8 (77.5-87.3) 1.06 0.98 (p=0.237) 

Diabetter score [24] 9.256 0.235 87.5 (81.4-92.2) 72.2 (61.8-81.2) 82.0 (76.7-86.6) 1.03 0.99 (p=0.273) 

DiaRem2 score [29] 14.798 0.063 89.4 (83.5-93.7) 71.1 (60.6-80.2) 82.8 (77.5-87.3) 1.06 0.96 (p=0.016) 

Score by Umemura et al. [32] 18.589 <0.001 90.5 (84.5-94.7) 21.4 (11.6-34.4) 71.4 (64.7-77.5) 1.20 0.75 (p<0.001) 

MDR score [22] 14.399 0.045 88.8 (82.8-93.2) 70.0 (59.4-79.2) 82.0 (76.7-86.6) 1.06 0.96 (p=0.003) 
        

Predictive regression models        

Hayes et al. [18] 18.167 0.020 93.1 (88.0-96.5) 65.6 (54.8-75.3) 83.2 (78.0-87.6) 1.13 0.97 (p=0.101) 

Dixon et al. [17] 19.354 0.013 92.5 (87.3-96.1) 64.4 (53.7-74.3) 82.4 (77.1-86.9) 1.13 0.94 (p=0.010) 

Ramos-Levi et al. [25] 10.375 0.240 92.5 (87.3-96.1) 64.4 (53.7-74.3) 82.4 (77.1-86.9) 1.13 0.98 (p=0.276) 

Panunzi et al. [8] 29.668 <0.001 91.3 (85.8-95.1) 68.9 (58.3-78.2) 83.2 (78.0-87.6) 1.09 0.96 (p=0.030) 

Park et al. [23] 21.094 0.007 93.1 (88.0-96.5) 65.6 (54.8-75.3) 83.2 (78.0-87.6) 1.13 0.97 (p=0.061) 

Scopinaro et al. [27] 4.476 0.812 94.4 (89.6-97.4) 61.1 (50.3-71.2) 82.4 (77.1-86.9) 1.16 0.86 (p<0.001) 

Stallard et al. [28] 9.005 0.342 90.0 (84.3-94.2) 73.3 (63.0-82.1) 84.0 (78.9-88.3) 1.05 0.98 (p=0.117) 

Ioffe et al. [19] 30.819 <0.001 100.0 (97.7-100.0) 14.4 (7.9-23.4) 69.2 (63.1-74.9) 1.48 0.69 (p<0.001) 
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Figure legends 

Figure 1 – Schematic overview of the patient selection process. Of the 359 patients with T2DM, 109 

were excluded due to missing C-peptide levels, missing data or because of an incomplete follow-up. 

Figure 2 – Receiver operating characteristic (ROC) curves of the different predictive scoring models for 

complete T2DM remission. Depending on the scoring range, a single (point with highest specificity and 

sensitivity) or multiple cut-off (if limited scoring options) points are displayed on the ROC curve with 

the specificity and specificity between parentheses. The area under the ROC curve (AUROC) is 

displayed as the percentage in green. Values between parentheses indicate the 95% confidence 

interval of the AUROC. The prediction model by Umemura et al. (not displayed) had the lowest AUROC 

with 69.2%. ROC-curves for other definitions of T2DM remission and a comparison with the 

constructed model are available in Supplementary Material 6. 

Figure 3 - Receiver operating characteristic (ROC) curves of the different predictive logistic regression 

models for complete T2DM remission. The custom model that was designed to predict T2DM remission 

in the study cohort is displayed in figure 3a. The cut-off point with the highest sensitivity and specificity 

is displayed on the ROC curve with the specificity and specificity between parentheses. The area under 

the ROC curve (AUROC) is displayed as a percentage in green. Values between parentheses indicate 

the 95% confidence interval of the AUROC. ROC-curves for other definitions of T2DM remission and a 

comparison with the constructed model are available in Supplementary Material 6. 

 


