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Comparison of Preoperative
Remission Scores and Diabetes
Duration Alone as Predictors of
Durable Type 2 Diabetes
Remission and Risk of Diabetes
Complications After Bariatric
Surgery: A Post Hoc Analysis of
Participants From the Swedish
Obese Subjects Study
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OBJECTIVE

Bariatric surgery is associated with diabetes remission and prevention of diabetes-
related complications. The ABCD, DiaRem, Ad-DiaRem, DiaBetter, and individualized
metabolic surgery scores were developed to predict short- to medium-term diabetes
remission after bariatric surgery. However, they have not been tested for predicting
durable remission nor the risk of diabetes complications, nor compared with diabetes
duration alone.

RESEARCH DESIGN AND METHODS

We identified 363 individuals from the surgically treated group in the prospective
Swedish Obese Subjects study with preoperative type 2 diabetes and for whom data
(preoperative age, BMI, C-peptide, HbA,,, oral diabetes medications, insulin use,
and diabetes duration) were available for calculation of remission scores. Partial
remission (after 2 and 10 years) was defined as blood glucose <6.1 mmol/L or
HbA,  <6.5% (48 mmol/mol) and no diabetes medication. Information on diabetes
complications (at baseline and over 15 years of follow-up) was obtained from
national health registers. Discrimination was evaluated by area under receiver
operating characteristic curves (AUROCs).

RESULTS

For 2-year diabetes remission, AUROCs were between 0.79 and 0.88 for remission
scores and 0.84 for diabetes duration alone. After 10 years, the predictive ability of
scores decreased markedly (AUROCs between 0.70 and 0.76), and no score had
higher predictive capacity than diabetes duration alone (AUROC = 0.73). For
development of microvascular and macrovascular diabetes complications over
15 years, AUROCs for remission scores were 0.70-0.80 and 0.62-0.71, respectively,
and AUROCs for diabetes duration alone were 0.77 and 0.66, respectively.

CONCLUSIONS

Remission scores and diabetes duration are good predictors of short-term diabetes
remission. However, for durable remission and risk of complications, remission
scores and diabetes duration alone have limited predictive ability.
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Type 2 diabetes is a progressive disease
associated with severe macrovascular
complications (e.g., myocardial infarction,
stroke, peripheral vascular disease) and
microvascular complications (affecting eyes,
nerves, and kidneys) (1). Diabetes remission
is common after bariatric surgery, and ran-
domized controlled trials have shown that
bariatric surgery is superior to medical treat-
ment for achieving diabetes remission in the
short term (2). Data from the Swedish Obese
Subjects (SOS) study have shown that a short
duration of diabetes before surgery is highly
associated both with a higher diabetes re-
mission rate at 2 years and a lower risk for
diabetes relapse between 2 and 10 years of
follow-up (3). Moreover, patients in the SOS
study with a diabetes duration of <1 year
had the highest chance of remission and
lowest risk of microvascular complications
(3). Diabetes duration has been identified as
an independent predictor in several other
studies (4-12), and diabetes duration cutoffs
of 2-10 years have been suggested to best
identify patients having the highest chance
of diabetes remission (4,9,11,13-15).
Several different scoring models in-
tended as clinical tools for prediction of
diabetes remission after bariatric surgery
have been suggested. These include the
ABCD (6); DiaRem (16) and the related
scores Ad-DiaRem (17) and DiaBetter
(18), which are all based on retrospective
data from patients who have undergone
gastric bypass (GBP); and the individu-
alized metabolic surgery (IMS) score de-
veloped to better optimize choice of surgical
procedure between GBP and sleeve gas-
trectomy (5). All five scores use various
combinations of preoperative variables
that were found to be significantly as-
sociated with short- to medium-term
diabetes remission, depending on the
data available for model development;
ABCD, Ad-DiaRem, DiaBetter, and IMS,
but not DiaRem, include diabetes dura-
tion as a predictor variable. Earlier stud-
ies have tested the validity of these
scoring models for predicting short- to
medium-term diabetes remission (i.e., 2—
Syears)(5,13,18-24), but no studies have
directly compared the scoring systems
with respect to accuracy for durable
remission (10 years) or the risk of di-
abetes complications. In addition, no
studies have compared the discrimina-
tive capacity of these scoring models with
diabetes duration as a single predictor.
The objective of this report was to test
the predictive capacity of the ABCD,

DiaRem, Ad-DiaRem, DiaBetter, and IMS
scores and diabetes duration alone for
prediction of durable diabetes remission
and development of microvascular and
macrovascular complications.

RESEARCH DESIGN AND METHODS

Study Design and Participants

The ongoing, prospective controlled SOS
intervention study enrolled 4,047 indi-
viduals with obesity between 1987 and
2001, as previously described (3,25,26)
(Supplementary Material). In brief, 2010
individuals chose to undergo surgery, and
a contemporaneously matched obese
control group of 2,037 participants was
created using 18 variables. The surgery
and control groups had identical inclusion
and exclusion criteria. The inclusion cri-
teria were age 37-60 years and a BMI
of =34 kg/m? in men and =38 kg/m? in
women before or at the time of the
matching examination. The exclusion cri-
teria were established to exclude patients
with unacceptable surgical risks. Diabetes
remission and diabetes complications were
prespecified secondary end points of the
SOS study.

Patients were followed with physical
examinations and questionnaires (which
included questions about diabetes med-
ication and diabetes duration) at baseline
(4 weeks before the start of the inter-
vention) and 0.5, 1, 2, 3, 4, 6, 8, and
10 years after study start. At the baseline
examination and the 2- and 10-year follow-
ups, blood samples were taken after an
overnight fast. HbA;. and C-peptide levels
were analyzed at the St. Vincent’s Health-
care Group, Dublin, Ireland, accredited by
Irish National Accreditation Board: Reg-
istration number 192MT, in compliance
with ISO 15189:2012. All other measure-
ments were analyzed at the Central Labo-
ratory, Sahlgrenska University Hospital,
Gothenburg, Sweden, accredited according
to International Organization for Standard-
ization/International Electrochemical Com-
mission 15189:2007 standards. The study
was approved by the relevant ethical review
boards, and written or oral informed con-
sent was obtained from all participants.

Diabetes-Related Definitions

Diabetes status was determined at base-
line and at the 2- and 10-year follow-ups.
Type 2 diabetes was defined as HbA;.
=6.5% (=48 mmol/mol) or fasting blood
glucose =6.1 mmol/L (corresponding to a
fasting plasma glucose of =7 mmol/L) or
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by diabetes medication use (insulin, oral
antidiabetic drugs, or both). Partial diabe-
tes remission was defined as HbA;. <48
mmol/mol or fasting blood glucose <6.1
mmol/L (plasma glucose <7.0 mmol/L)
without receipt of diabetes medication.
Complete diabetes remission was de-
fined as HbA;. <5.7% (<39 mmol/mol)
or fasting blood glucose <5.0 mmol/L
(plasma glucose <5.6 mmol/L) (27).

From 1987 through 2009, fasting glu-
cose concentrations were measured in
venous whole blood. After 2009, venous
fasting plasma glucose was measured,
and the concentrations were converted
to those for blood glucose (25). The study
was initiated before repeated measure-
ments were routinely used for the di-
agnosis of type 2 diabetes; therefore,
single determinations of fasting glucose
and HbA;. were used. For patients with
onset of diabetes before age 35 years,
type 1 diabetes and latent autoimmune
diabetes of adults were ruled out by
excluding patients positive for GAD or
islet cell antibodies or with C-peptide
values <1.11 ng/mL at baseline; two
patients were excluded (26).

Scoring Systems

The ABCD, DiaRem, Ad-DiaRem, DiaBet-
ter, and IMS scores were calculated us-
ing preoperative variables as previously
reported (5,6,16—18) (Supplementary
Table 1). The ABCD score is based on
age, BMI, C-peptide, and diabetes dura-
tion. The DiaRem score is based on age,
HbA,, and the use of metformin, sulfo-
nylureas, glitazones, and/or insulin. The
Ad-DiaRem includes the DiaRem criteria
together with the number of antidiabetic
drugs (all currently clinically available drug
classes used for type 2 diabetes treatment)
and diabetes duration. The DiaBetter score
is based on HbA,, use of metformin, other
antidiabetic drugs, and diabetes duration.
The IMS score is based on HbA,, insulin
treatment, number of antidiabetic drugs,
and diabetes duration. For all scoring
systems apart from the ABCD score, lower
scores should predict a high chance of
diabetes remission, and higher scores
should predict a low chance of diabetes
remission.

Diabetes Complications

Microvascular and macrovascular dia-
betes complications requiring hospital
or specialist outpatient treatment or
that were associated with death during
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follow-up were traced by searching the
Swedish National Patient Register and
the Swedish Cause of Death Register until
31 December 2016 (3). The inpatient
components of the National Patient Reg-
ister and the Cause of Death Register
have 99% coverage. For specialist out-
patient care, the National Patient Reg-
ister coverage for somatic diseases has
been assessed as 78% (28). Validation
studies have shown that 80-90% of the
diagnoses in the National Patient Regis-
ter are accurate (29,30). ICD-9 and ICD-10
and intervention codes are listed in
Supplementary Table 2.

Statistical Analyses

Mean values, SDs, and percentages were
used to describe the baseline characteristics
of the participants. Differences between
those in remission versus nonremission were
tested with t tests for continuous variables
and Fisher exact test for dichotomous
variables.

We assessed performance of the ABCD,
DiaRem, DiaBetter, Ad-DiaRem, and IMS
scores and diabetes duration alone using
measures of discrimination (for all) and
calibration (for DiaRem-related scores only)
(31). Discrimination describes the ability
of the predictor to distinguish those at
high chance of diabetes remission or
being free from diabetes complications
from those having a low chance. It was
evaluated by calculating the area under
the receiver operating characteristic curves
(AUROCs) for the different scores and
diabetes duration alone. Calibration indi-
cates the ability of a score to correctly
predict the chance of remission and was
performed using a xz goodness-of-fit test
(31). In the calibration plot, the predicted
remission rates in previously defined score
groups (18,21) were plotted against the
corresponding observed remission rates. If
the predicted remission rate equals the
observed remission rate throughout the
entire score range, the calibration plot
would then follow the 45° line. Youden
index was used to determine the optimal
cutoff for the AUROCs (i.e., the point at
which the model would have maximal
sum of sensitivity and specificity) (32).

In this study, data were analyzed per
protocol (i.e., censored at time of re-
operation if it resulted in change of treat-
ment group). A two-sided P < 0.05 was
considered statistically significant. All sta-
tistical analyses were performed using
Stata 15.1 software.

RESULTS

Description of Baseline Characteristics
and Follow-up Rates

The current analyses include 363 patients
from the surgery group of the SOS study
who had type 2 diabetes and data available
for calculation of remission scores at base-
line (Supplementary Fig. 1). In 194 (53.4%)
of these patients, type 2 diabetes was
diagnosed at baseline. In terms of surgical
procedure, 234 (64.5%) underwent vertical
banded gastroplasty (VBG), 64 (17.6%) un-
derwent nonadjustable or adjustable
banding, and 65 (17.9%) underwent GBP.

Preoperative baseline characteristics,
in the whole cohort and divided by 2- and
10-year remission status, are presented in
Table 1. Lower baseline levels of blood glu-
cose and HbA,., shorter baseline diabetes
duration, and lower DiaRem, Ad-DiaRem,
DiaBetter, and IMS scores were observed in
patients who were in remission after both
2 and 10 years. Patients in remission at 2 and
10 years also had higher baseline ABCD
scores, higher levels of C-peptide, and slightly
higher BMI but similar baseline age and
levels of insulin compared with the non-
remission groups. The overall remission rate
was 72% at 2 years and 35% at 10 years
(Supplementary Fig. 1).

There were no significant differences
for baseline rates of microvascular diabetes
complications, but higher baseline rates of
macrovascular diabetes complications were
observed in the nonremission groups (Table
1). The overall rates of microvascular and
macrovascular complications over 15 years
were 18% and 30%, respectively. Compli-
cation rates were markedly higher in the
nonremission groups (Supplementary Fig. 1).

To enable comparison with previously
reported remission rates for the scores
(5,18,21,33), remission and complication
rates in previously defined score groups
are shown in Supplementary Fig. 2. Re-
mission rates at 2 years were highest in
patients with lower DiaRem, Ad-DiaRem,
DiaBetter, and IMS scores and higher
ABCD scores, in agreement with earlier
reports (5,16-18,21,33). Overall, remis-
sion rates decreased at 10 years, and
complication rates at 15 years increased
with decreasing remission rates.

Preoperative Remission Scores and
Diabetes Duration Alone as Predictors
of Type 2 Diabetes Remission

The predictive capacities of the scores
and diabetes duration alone for partial
remission at 2 and 10 years are shown in
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Fig. 1. For partial diabetes remission at
2 years, the AUROC was 0.79 (95% CI
0.73-0.86) for ABCD, 0.86 (0.81-0.90) for
DiaRem, 0.85 (0.80-0.90) for Ad-DiaRem,
0.88 (0.84-0.92) for DiaBetter, 0.88
(0.83-0.92) for IMS, and 0.84 (0.79—
0.89) for diabetes duration alone (Fig.
1, left). The predictive capacity of di-
abetes duration alone was similar to the
ABCD, DiaRem, and Ad-DiaRem scores (P
for all comparisons not significant). How-
ever, at 2 years, both the DiaBetter and
the IMS scores performed better than
diabetes duration alone (P = 0.008 and
P < 0.001, respectively).

For partial diabetes remission at 10
years, the predictive ability of scores and
diabetes duration alone was reduced,
resulting in AUROCs of 0.70 (95% ClI
0.64-0.77) for ABCD, 0.72 (0.65-0.78) for
DiaRem, 0.71 (0.65-0.78) for Ad-DiaRem,
0.74 (0.68—0.80) for DiaBetter, 0.76 (0.70—
0.81) for IMS, and 0.73 (0.67-0.78) for
diabetes duration (Fig. 1, right). At this
time point, the predictive capacity of
diabetes duration alone was similar to
all five scores (P for all comparisons not
significant).

Inasubgroup analysis, we assessed the
predictive capacities of scores and di-
abetes duration alone for complete di-
abetes remission at 2 and 10 years
(Supplementary Fig. 3). In this analysis,
the IMS score had higher predictive ca-
pacity than diabetes duration at 2 years
(P < 0.001), but the predictive capacity
of diabetes duration alone was similar to
all scores for prediction of 10-year di-
abetes remission (P for all comparisons
not significant).

Performance of the scores in the SOS
cohort were also examined by calibra-
tion; that is, the previously reported
remission rates after 2 years for the
DiaRem, Ad-DiaRem, and DiaBetter scores
(18,21) were plotted against the observed
2-year remission rates in the SOS study
(Supplementary Fig. 4). All three DiaRem-
related scores overestimated diabetes re-
mission compared with observed SOS rates
(i.e., predicted remission rates were higher
than observed SOS remission rates) (P <
0.001 for all scores). We were unable to
include ABCD and IMS scores in the cal-
ibration analysis since 2-year remission
rates have not previously been reported.
Furthermore, duration could not be in-
cluded since previous reports on remis-
sion rates were not detailed enough for
the lower range of duration (21).
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Table 1—Preoperative characteristics of the whole cohort and the cohort stratified by 2- and 10-year remission status

2-year status (n = 307)

10-year status (n = 249)

Remission Nonremission P value Remission Nonremission P value

Patients, n 363 220 87 86 163
Women 217 (59.8) 137 (62.3) 49 (56.3) 0.365 59 (68.6) 92 (56.4) 0.076
Age (years) 48.6 (6.0) 48.7 (5.9) 49.0 (6.0) 0.633 48.3 (6.0) 49.0 (5.6) 0.360
BMI (kg/m?) 42.3 (4.9) 42.8 (4.9) 41.1 (3.8) 0.004 43.6 (5.8) 41.6 (4.2) 0.002
HbA.

% 7.8 (1.5) 7.4 (1.4) 8.7 (1.5) <0.001 7.2 (1.3) 8.1 (1.5) <0.001

mmol/mol 61.3 (16.5)  57.1 (15.0) 71.7 (15.9) <0.001  54.7 (14.1) 64.5 (16.8) <0.001
Blood glucose (mmol/L) 8.2 (2.8) 7.5 (2.3) 10.0 (2.9) <0.001 7.2 (2.1) 8.7 (2.9) <0.001
Insulin (mU/L) 28.3 (19.3) 27.9 (13.3) 26.4 (17.4) 0.411 29.6 (14.0) 27.0 (22.2) 0.327
C-peptide (ng/mL) 4.5 (1.5) 4.8 (1.4) 3.8 (1.5) <0.001 4.8 (1.4) 4.3 (1.4) 0.004
Diabetes duration at baseline (years) 2.4 (4.2) 0.9 (1.5) 6.4 (6.2) <0.001 0.5 (1.2) 3.0 (4.2) <0.001
Screen-detected T2D at baseline 194 (53.4) 147 (66.8) 13 (14.9) <0.001 69 (80.2) 64 (39.3) <0.001
Complications at baseline

Microvascular 5 (1.4) 2 (0.9) 2 (2.3) 0.319 1(1.2) 3 (1.8) 1.000

Macrovascular 19 (5.2) 5 (2.3) 12 (13.8) <0.001 0 (0) 13 (8.0) 0.005
Remission scores at baseline

ABCD 6.0 (1.7) 6.5 (1.3) 4.5 (1.9) <0.001 6.8 (1.4) 5.6 (1.7) <0.001

DiaRem 6.3 (4.2) 4.8 (3.0) 10.3 (4.7) <0.001 4.2 (2.6) 7.4 (4.5) <0.001

Ad-DiaRem 6.6 (4.0) 5.2 (2.8) 10.6 (4.2) <0.001 4.7 (2.7) 7.6 (4.0) <0.001

DiaBetter 2.9 (2.5) 1.9 (1.8) 5.6 (2.4) <0.001 1.5 (1.7) 3.5 (2.6) <0.001

IMS 29.2 (31.3)  16.9 (19.5) 62.3 (34.0) <0.001  12.1(16.2) 36.7 (32.1) <0.001

Data are mean (SD) or n (%) unless otherwise indicated. Missing data at baseline: blood glucose, n = 1; insulin, n = 3. T2D, type 2 diabetes.

Preoperative Remission Scores and
Diabetes Duration Alone as Predictors
of Diabetes Complications

Register data on diabetes complications
were available for all included partici-
pants, and Fig. 2 shows the predictive
capacity of the scores and diabetes du-
ration for development of diabetes com-
plications over 15 years of follow-up. For
development of microvascular diabetes
complications, AUROCs were 0.70 (95%
Cl 0.62-0.78) for ABCD, 0.77 (0.70-0.84)
for DiaRem, 0.78 (0.72-0.84) for Ad-
DiaRem, 0.80 (0.73—-0.86) for DiaBetter,
0.79 (0.73-0.85) for IMS, and 0.77 (0.71—
0.83) for diabetes duration alone. The
predictive capacities for development
of macrovascular diabetes complications
were markedly lower, with AUROCs of
0.62 (0.56-0.68) for ABCD, 0.69 (0.63—
0.75) for DiaRem, 0.71 (0.65-0.76) for
Ad-DiaRem, 0.66 (0.60-0.73) for DiaBet-
ter, 0.67 (0.61-0.73) for IMS, and 0.66
(0.60-0.72) for diabetes duration alone.
None of the scores displayed a higher
predictive capacity than diabetes duration
alone for microvascular complications (P
for all comparisons not significant). Di-
abetes duration alone had marginally
lower capacity than the Ad-DiaRem for
prediction of macrovascular complications
(P = 0.05) but similar capacity compared

with the remaining four scores (P for all
comparisons not significant).

Predictive Capacity in Relation to Type
of Surgical Procedure

Scores included in this analysis were
originally developed using GBP data, and
we therefore specifically assessed the
predictive capacities of scores and diabe-
tes duration alone in the GBP and band-
ing/VBG subgroups (Supplementary Table
3). It should be noted that numbers in
the GBP subgroup are small and that the
predictions should therefore be inter-
preted with caution. Only 39 individuals,
21 of whom were in remission, were
available for assessment of remission at
10 years, and the analysis resulted in
AUROCs between 0.72 and 0.77 for scores
and an AUROC of 0.77 for diabetes du-
ration alone. For assessment of diabetes
complications over 15 years, 65 individ-
uals in the GBP subgroup were available
forassessment, and the analysis is based
on only 8 microvascular and 18 macro-
vascular events. Prediction of microvas-
cular diabetes complications resulted
in AUROCs between 0.77 and 0.83 for
scores and an AUROC of 0.80 for dura-
tion alone. Again, the predictive capaci-
ties for macrovascular complications
were markedly lower (AUROCs between

0.56 and 0.64 for scores and AUROC of
0.63 for diabetes duration alone). Impor-
tantly, within each treatment subgroup,
there were limited differences between
prediction accuracy for scores and dura-
tion alone, regardless of studied outcome
(Supplementary Table 3). Unfortunately,
we were unable to test the capacity of
scores and duration for prediction of re-
mission at 2 years because of very few
nonremission cases at this time point.

Discriminative Capacity and Estimated
Optimal Score Cutoffs

Finally, we estimated optimal score cut-
offs from SOS data using the Youden
method for maximizing sensitivity and
specificity. When assessing predictive ability
of remission scores using SOS data, sensitivity/
specificity >70% was achieved by all scores
for 2-year remission and by the Ad-DiaRem
and IMS scores for prediction of microvascular
complications (Supplementary Table 4).
However, none of the scores were able to
reach a high level of discrimination re-
gardless of analyzed outcome, and all five
scores displayed poor predictive capacity
for 10-year diabetes remission and mac-
rovascular complications at optimal cut-
offs. Youden estimates of diabetes duration
cutoffs for various outcomes are included
for comparison (Supplementary Table 4).
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Figure 1—Comparison of the diagnostic value of the ABCD, DiaRem, DiaBetter, Ad-DiaRem, and IMS scores and diabetes duration for partial diabetes
remission in the SOS surgery group after 2 and 10 years of follow-up.

However, given the high proportion of
patients with screen-detected diabetes
in the SOS study, these cutoffs should be
interpreted with caution.

CONCLUSIONS

Our post hoc analysis of participants in
the SOS study with preoperative type 2
diabetes who underwent bariatric sur-
gery shows that the preoperative remis-
sion scores ABCD, DiaRem, Ad-DiaRem,
DiaBetter, and IMS have good discrim-
inatory power for prediction of short-term
diabetes remission but not for predic-
tion of diabetes remission at 10 years or
risk of microvascular and macrovascular
complications over 15 years of follow-up.
Inaddition, the discriminatory capacity of
diabetes duration alone was only slightly
lower than the best performing score
at the 2-year follow-up and similar to all
five preoperative scores for prediction
of 10-year diabetes remission and risk
of microvascular diabetes complications
over 15 years.

Our results confirm previous observa-
tions showing that remission scores have
good discriminatory power in the short
term (8,17,18,20,21,23,34) (Supplementary
Table 5). For all scores except ABCD, we
noted AUROCs of =0.85 at the 2-year
follow-up, indicating excellent discrimi-
nation between those who will and will
not achieve short-term remission. How-
ever, our calibration analysis comparing
the reported 2-year remission rates as
predicted by DiaRem, Ad-DiaRem, and
DiaBetter with the observed remission
rates in the SOS study showed that the
previously predicted remission rates (18,21)
were, in general, too optimistic. Thisisin
line with a recent report that evaluated
11 different prediction models 1 year
after sleeve gastrectomy and found that
for the five scoresincluded in the present
report, remission rates were overesti-
mated by 5-22% (34). Possible reasons
for poor calibration include differences
in case ascertainment and study popu-
lation characteristics, indicating a need

for recalibration of the scores before
being more widely applied (31).

The ultimate treatment goal of diabe-
tes treatment is not diabetes remission
per se but to reduce the risk of serious
diabetes complications. Thus, it is essen-
tial to include end-organ damage as an
outcome when evaluating prediction
models (1,35). To our knowledge, none
of the scores assessed in the current report
have previously been tested for predic-
tion of diabetes complications. Here, we
showed that the discriminatory capacity
of remission scores and diabetes duration
alone for development of microvascular
and macrovascular diabetes complications
over 15 years was limited. In combination
with our results showing that none of the
scores tested nor diabetes duration alone
can be used to correctly identify those who
will achieve durable remission, these re-
sults suggest that preoperative prediction
models need to be improved before being
used for overall prediction of long-term
diabetes outcomes. The etiology of type 2
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Figure 2—Comparison of the diagnostic value of the ABCD, DiaRem, DiaBetter, Ad-DiaRem, and IMS scores and diabetes duration for development of
microvascular and macrovascular diabetes complications in the SOS surgery group over 15 years of follow-up.

diabetes is complex, and factors such as
genetic predisposition to reduced insulin
secretion or impaired [3-cell function, control
systems for maintaining energy balance,
or psychological or behavioral character-
istics may need to be considered in
future prediction models to improve clin-
ical utility (36-38). It is possible that an
extended approach that includes such
factors could identify patients with a
low chance of remission, enabling tar-
geted intensified postoperative manage-
ment to optimize postsurgery weight
reduction and long-term glycemic control.

Optimal cutoffs for remission scores,
indicating the highest possible prediction
accuracy, could provide valuable tools
for improvement of clinical guidelines.
With respect to 2-year remission, optimal
SOS cutoffs for the scores had acceptable
discriminatory power, and Youden cutoffs
were in the same range as those previ-
ously suggested for short-term (1-2-year) di-
abetes remission (17,20,34,39,40). Markedly
lower levels of discrimination were found
when using optimal SOS study cutoffs

for prediction of 10-year remission for
all scores, again indicating that preop-
erative prediction models need to be
improved if the intention is to predict
durable diabetes remission after bari-
atric surgery.

An optimal cutoff for diabetes duration
would be an easy-to-use alternative to
composite scores, but currently there is
no clear recommendation. Diabetes dura-
tion cutoffs ranging between 2 and 10 years
have previously been suggested to identify
patients with a high chance of remission
after bariatric surgery (9,11,13-15). Also,
electronic health records on diabetes du-
ration are not always available, and it could
be argued that self-reported diabetes du-
ration is not reliable and that incorporating
that measure into prediction models may
introduce errors. However, a recent study
showed that there is a high agreement
between self-reported and electronic health
record—derived diabetes duration (8). In the
SOS study, Youden estimates of optimal
cutoffs for diabetes duration were as low
as 1 or 2 years, depending on analyzed

outcome, confirming the importance of early
surgical intervention (3,25,26,41). However,
itisimportant to note that a high proportion
of patients in the SOS study had screen-
detected diabetes and that the discrimina-
tory power was low for prediction of both
durable (10-year) remission and diabetes
complications. These results should there-
fore be interpreted with caution and not
viewed as clinically reliable duration cutoffs
for treatment recommendations.
Important strengths of the SOS study
are the very long follow-up of both di-
abetes status and diabetes complications
and the prospective study design. Lim-
itations include that the SOS study was
initiated before repeated measurements
were routinely used for the diagnosis of
type 2 diabetes and that diagnosis is
therefore based on a single time point.
Also, there is a difference in mean pre-
operative diabetes duration in the SOS
study (2.3 years) and in the retrospective
cohorts used for Ad-DiaRem, DiaBetter,
and IMS score generation (5-6 years)
(17,18,20). Finally, it should be noted that
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the scoring models were developed using
data from patients who underwent GBP,
whereas the majority of SOS patients
were treated with older surgical techni-
ques (VBG or banding). Given that the
average weight reduction and short-term
remission rate after VBG/banding, as well
as after sleeve gastrectomy, are lower
than after GBP, predictive capacities of
scores for diabetes remission will likely
be higherin a GBP cohort (14,42,43). This
isin line with our findings for some of the
models, although these results should be
interpreted with caution because of the
small number of patients treated with
GBP in the SOS study. On the other hand,
it is inevitable that surgical techniques
are updated and refined over time,
meaning that interpretation of results
from long-term studies, such as the one
presented here, will always be affected
by procedural changes. Reports have
suggested that both the DiaRem and the
Ad-DiaRem scores are useful tools for
short-term prediction of diabetes remis-
sion in patients treated with sleeve gas-
trectomy or gastric banding (20,21) and
that remaining differences in discrimina-
tory capacity may partly be due to more
limited weight reduction in patients
treated with banding (21). Nevertheless,
future studies in larger cohorts treated
with current surgical techniques and
with a high variability of diabetes dura-
tion and long follow-up will be needed
to assess generalizability of our results.

In conclusion, our results from the SOS
study suggest that the remission scores
ABCD, DiaRem, Ad-DiaRem, DiaBetter, and
IMS and diabetes duration alone are good
predictors of short-term diabetes remis-
sion. However, both remission scores
and diabetes duration alone have limited
predictive ability to correctly identify
those who will achieve durable remission
and have lower risk for diabetes-related
complications.
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