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Abstract

Purpose DiaRem is a clinical scoring system designed to predict diabetes remission (DR) 1-year post-Roux-en-Y gastric bypass
(RYGB). We examined long-term (2- and 5-year) postoperative DR prediction by DiaRem and an advanced-DiaRem (Ad-
DiaRem) score following RYGB, sleeve gastrectomy (SG), and gastric banding (GB).

Methods We accessed data from a computerized database of persons with type 2 diabetes and BMI > 30 kg/m* who underwent
RYGB, SG, or GB, and determined DR status 2- and 5-year postoperative according to preoperative DiaRem and the Ad-DiaRem
calculated scores.

Results Among 1459 patients with 5-year postoperative diabetes status data, 53.6% exhibited DR. For RYGB, Ad-DiaRem
trended to exhibit mildly improved predictive capacity 5-year postoperatively compared to DiaRem: Areas under receiver
operating characteristic [AUROC] curves were 0.85 (0.76-0.93) and 0.78 (0.69-0.88), respectively. The positive predictive
values (PPVs) detecting > 80% of those achieving DR (i.e., sensitivity >0.8) were 78.2% and 73.2%, respectively, and higher
Ad-DiaRem scores more consistently associated with decreased DR rates. Following SG, both scores had an AUROC of 0.82,
but Ad-DiaRem still had a higher PPV for predicting > 80% of those with 5-year postoperative DR (76.2% and 71.0%).
Predictive capacity parameters were comparatively lower, for both scores, when considering DR 5-year post-GB (AUROC:
0.73 for both scores, PPV: 66.3% and 64.3%, respectively).

Conclusions Ad-DiaRem provides modest improvement compared to DiaRem in predicting long-term DR 5-years post-RYGB.
Both scores similarly provide fair predictive capacity for 5-year postoperative DR after SG.
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The capacity of bariatric surgery procedures to induce type 2
diabetes remission (DR) is still unmatched by any other inter-
vention. Long-term (> 1-year postoperative) DR rates have
been less-frequently reported, but may reach 50-63% 5-year
postoperatively [1-3]. Hence, while DR is achievable in a
considerable number of patients following bariatric proce-
dures, others remain with diabetes after the surgery (non-dia-
betes remission, NDR). While bariatric surgeries entail con-
siderable risks and costs, the number of operations is increas-
ing due to the obesity epidemic and newly defined indications
[4]. Thus, there is a growing need for tools that better predict
long-term outcomes, particularly the resolution of major
obesity-related co-morbidities, such as type 2 diabetes.
These tools could improve clinical decisions and help set re-
alistic outcome expectations, which are important for patients,
their carers, and healthcare systems.

Predictive tools for DR after bariatric surgeries—
predominantly following Roux-en-Y gastric bypass (RYGB)
have been proposed [5—7]. The ABCD and DiaRem scores are
both based on preoperative patients’ characteristics [7-12].
These tools highlight parameters such as older age, longer
duration of diabetes, the use of anti-diabetic medications (par-
ticularly insulin), and poorer metabolic control, as predictors
of a lower chance for DR. It is commonly thought that the
basis for the link of these predictors with lower DR rates is
diabetes severity. Accordingly, the compromise of pancreatic
beta-cell reserve limits postoperative endogenous insulin that
is required to maintain euglycemia without additional medi-
cations, this being the ADA definition of DR. Indeed, preop-
erative C-peptide levels, which are included in the ABCD
score [11], may improve prediction of DR after bariatric sur-
gery [13].

The DiaRem score [7] was shown to exhibit an acceptable
predictive power for DR in various populations 1-year post-
RYGB, with a predictive performance superior to other scores
[9]. The DiaRem has also been shown to predict DR following
other types of bariatric surgeries [14]. The score is easily im-
plemented in clinical practice, since it relies on basic clinical
parameters (age, BMI, HbAlc, and the use of insulin therapy
and classical oral hypoglycemic agents), rather than on less-
conventional or non-standard biomarkers, like C-peptide,
which is included in the ABCD score [6]. Nonetheless, the
following issues limit the universal use of the DiaRem score:
(i) DiaRem was demonstrated to be predictive of DR 1-year
after RYGB. Its predictive capacity for longer-term DR is
controversial [15, 16]. (ii) Limited information is available
regarding DiaRem’s ability to predict DR after other bariatric
procedures, such as sleeve gastrectomy (SG) and adjustable
gastric banding (GB) [14]. (iii) Although DiaRem performs
well at the extreme score values (low values nicely predict DR
and high values predict NDR), its performance in the middle
score range was reported as sub-optimal [17]. (iv) DiaRem
accounts for the use of oral hypoglycemic agents, but not

newer classes of drugs, including GLP-1 analogs, DPP4, and
SGLT?2 inhibitors, which have become highly prevalent in
current type 2 diabetes pharmacotherapy.

Recently, we proposed a new scoring system based on the
DiaRem—the Advanced (Ad)-DiaRem. The Ad-DiaRem
outperformed DiaRem in predicting DR 1-year post-RYGB in
two independent populations [8]. Ad-DiaRem includes the items
present in DiaRem with a re-defined “penalty score” for each
item, to which we added the number of anti-diabetic drugs (in-
cluding new drug classes), and diabetes duration (Supplemental
Table 1). In the present analyses, we aimed to evaluate the ca-
pacity of DiaRem and Ad-DiaRem to predict longer-term DR
(i.e., 2 and 5 years) following RYGB, SG, and GB. We hypoth-
esized that Ad-DiaRem may perform better than DiaRem in
predicting DR and NDR, as we recently reported for DR pre-
diction 1-year post-RYGB [8]. To address this hypothesis, we
assessed the capacity of the two related scores to predict DR 2
and 5 years after RYBG, SG, and GB in a large HMO registry
database. Our findings provide real-world data of the potential
clinical usefulness of the examined tools.

Research Design and Methods
Study Population

The population included in the current analyses was previous-
ly described in detail [1]. Ethical approval for the study was
obtained from the Rabin Medical Center Ethics Committee,
Petach Tikvah, Israel. From the electronic medical records of
Clalit Health Services (CHS), the largest healthcare organiza-
tion in Israel, we identified 13,425 persons who underwent
bariatric procedures during 1999-2011; of them, 2190
(16%) had a preoperative diagnosis of type 2 diabetes based
on the ADA criteria (Fig. 1). CHS criteria for bariatric surgery
in Israel are consistent with those issued by the NIH [18] and
include BMI >40 kg/m? or >35 kg/m” and at least one
obesity-related risk factor. The full preoperative criteria re-
quired to calculate both the DiaRem and Ad-DiaRem scores
(detailed below), and 2- and 5-year postoperative glycemic
status information were available for 1502 (68.6%) and
1459 (66.6%) persons, respectively. Complete and partial
DR were defined according to the ADA criteria [19]. DR
was achieved at 2 and 5 years in 62.4% and 53.7%, 61.8%
and 53.5%, and 56.4% and 53.8% of patients after RYGB,
SG, and GB, respectively (Fig. 1).

The DiaRem Scoring Systems
DiaRem scores (Supplemental Table 1) were calculated as
reported [7], based on age, preoperative HbA1C, the use of

metformin, sulfonylurea, glitazones, and/or insulin; the range
of scores was 0-21. A low DiaRem score should predict a
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Fig. 1 Flow chart of study
population

ClalitHealth Fund’s databank:
bariatric surgeries 1999-2011

(n=13,425)

Non-diabetic (including prediabetic) preoperatively (n=11,235; 84%) ‘

Type 2 diabetes patients (n=2190; 16%); RYGB n=140; SG n=1023; GB n=1027) ‘

available:

Baseline DiaRem and Ad-DiaRemcriteria
+ 2y postoperative diabetes status measures

2y post-operatively: n=1502;
(RYGB n=101; SG n=809; GB n=592)

Baseline DiaRem and Ad-DiaRemcriteria
+ Sy postoperative diabetes status measures
available:

Sy post-operatively: n=1459;

(RYGB n=95; SG n=767; GB n=597)

l

l

Outcome: Diabetes Remission (DR):
2y post-operatively: 1=897 (59.7%);
(RYGB 62.4%; SG 61.8%; GB 56.4%)

Outcome: Diabetes Remission (DR):
5y post-operatively: n=782 (53.6%);
(RYGB 53.7%; SG 53.5%; GB 53.8%)

high chance of DR, and a high DiaRem score should predict
NDR. We calculated the lowest score range that cumulatively
included at least 80% of the DR patients and the high-score
range that included >80% of NDR patients, to visually
(qualitatively) depict the score’s respective sensitivities.

The Ad-DiaRem score was developed based on the
French BARICAN cohort [20], using machine learning,
as detailed elsewhere [8]. In brief, the Ad-DiaRem is
based on six potential DR predictors of 43 screened
clinical, laboratory, and adipose tissue variables. Ad-
DiaRem includes the DiaRem criteria, plus the number
of anti-diabetic drugs (all currently clinically available
drug classes used for type 2 diabetes treatment), and
diabetes duration (originally, patient-reported; here,
based on the electronic medical file database). Machine
learning was used to determine optimal categories and
to identify the respective weights (penalty scores) of
each variable that results in the best prediction of post-
operative diabetes status.

Statistical Analysis

The predictive performances of the DiaRem and Ad-DiaRem
were evaluated by areas under the receiving operator charac-
teristic (AUROC) curves using the DeLong method. Analyses
were conducted using the SPSS (Chicago, IL) for Windows
Software, version 20.0 and http://vassarstats.net/roc_comp.
html to compare ROC analyses.

@ Springer

Results

Preoperative baseline characteristics of the population includ-
ed in the current analyses are presented in Table 1, stratified by
either 5-year DR/NDR status or by surgical procedure (the
parallel data for 2-year postoperative DR/NDR status is pre-
sented in Supplemental Table 2). As expected, patients who
exhibited long-term DR were more likely than patients who
exhibited postoperative NDR to be younger, with lower pre-
operative HbAlc, and diagnosed with diabetes for a shorter
period of time, and they were less likely to be treated with
insulin or with a high number of diabetes medications.
Importantly, baseline characteristics differed between patients
who underwent the three procedures; this reflects common
clinical practice in Israel. For example, the more radical pro-
cedure, RYGB, is more often performed in patients with more
intensively treated diabetes and with longer preoperative dia-
betes duration. Thus, this real-world dataset is better geared to
provide within-procedure comparisons (between DiaRem and
Ad-DiaRem, and between 2- and 5-year postoperative DR
prediction) than to compare the performance of the scores
between the three procedures.

The capacity of DiaRem versus Ad-DiaRem to predict DR
5-years post-RYGB is shown in Fig. 2. Patients who exhibited
DR tended to cluster, in both scores, at the lower range (Fig.
2a, green bars). Yet, patients with 5-year postoperative NDR
exhibited a bi-modal score distribution by DiaRem, but not by
Ad-DiaRem (Fig. 2a, red bars). The lowest DiaRem score
range, which includes at least 80% of the DR patients (i.e.,


http://vassarstats.net/roc_comp.html
http://vassarstats.net/roc_comp.html
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Table 1 Baseline characteristics of study population
Variable By DR/NDR at 5 y Total By surgical procedure
DR NDR p value GB SG RYGB p value

N 782 677 - 1459 597 767 95 -
Age (y) 49.9+10.3 53.7+9.3 <0.001 51.6+10.0 52.8+10.0*° 51.0+10.1 50.3+9.2 0.002
BMI (kg/m?) 442+6.5 423£59 <0.001 433+63 432+63 435+63 42.1£53 0.136
HbAlc (%) 72+1.4 84+1.7 <0.001 78+1.6 77£1.6 78+1.6 8.1+1.8 0.109
Insulin treatment (%)

No 90.9 55.1 74.3 81.4 70.3 62.1

Yes 9.1 44.9 <0.001 25.7 18.6 29.7 37.9 <0.001
Other anti-diabetic drugs (%)

No 27.1 8.9 18.6 26.0 21.8 17.9

Yes 72.9 91.1 <0.001 81.4 74.0 78.6 82.1 0.020
Number of anti-diabetic drugs

Mean 1.1 1.9 <0.001 1.5 14 1.5 1.7 <0.001
Diabetes duration (%)

0-69y 78.0 42.1 61.3 71.2 54.5 54.7

7-139y 21.5 52.4 <0.001 359 27.0 424 389 <0.001
>14y 0.5 5.5 2.8 1.8 3.1 6.3

Results are presented as mean + SD OR as mean number, or as percent (%), as indicated

4GB different from SG
®GB different from RYGB

sensitivity > 0.8, Fig. 2a, green shaded area), had a positive
predictive value (PPV) for DR of 73.2% for DiaRem and
78.2% for Ad-DiaRem [the corresponding scores for
predicting 2-year postoperative outcome were 81.3% and
86.4%, respectively (2-year DR status by score distribution
is presented in Supplemental Fig. 1i and 1ii)]. This seeming
superiority of Ad-DiaRem over DiaRem in predicting DR is
also manifested by a smaller, 1 versus 2 score category over-
lap, respectively, between the red and green shaded areas,
representing 80% or more of the DR or NDR patients, respec-
tively (Fig. 2a). More formally, by ROC analysis, Ad-DiaRem
had a larger area under the ROC curve [AUC =0.85 (0.76—
0.93)] than did DiaRem [AUC =0.78 (0.69-0.88), Fig. 2b],
though the difference did not reach statistical significance.
Importantly, while for DiaRem, the AUC for predicting post-
operative diabetes status decreased from 0.81 at 2 years
(Supplemental Figure liii) to 0.78 at 5 years, Ad-DiaRem
maintained an equivalent predictive capacity of DR post-
RYGB for 5 years as for 2 years postoperatively (both
AUC =0.85). Further, the chance for DR 5-years postopera-
tively spanned from 100 to 0% for the lowest to the highest
Ad-DiaRem score ranges whereas the corresponding score
ranges with DiaRem were 88.9 to 16.7% (Fig. 2¢). This dem-
onstrates a mild advantage of post-RYGB DR prediction by
Ad-DiaRem over DiaRem. By a complementary representa-
tion, increasing score ranges associated with a diminishing

chance for DR in a more consistent/continuous manner when
using Ad-DiaRem than DiaRem (Supplemental Fig. 4A).

DR 5-year post-SG prediction using the two scores is
shown in Fig. 3 (2-year postoperative outcome status is pre-
sented in Supplemental Fig. 2). As for RYGB, score distribu-
tion of the NDR patients exhibited a bi-modal pattern by
DiaRem, but not by Ad-DiaRem. PPV for predicting at least
80% of the 5-year postoperative DR population was 71.0% for
DiaRem, a decrease from 82.1% for 2-year postoperative DR
prediction (Supplemental Fig. 2), while the corresponding
values for Ad-DiaRem were 76.2% and 85.1% for 5-year
and 2-year outcome predictions, respectively. Nevertheless,
ROC analysis and the range of %DR prediction scores did
not reveal a clearly improved predictive capacity of Ad-
DiaRem over DiaRem for SG (Fig. 3b, ¢), although the cumu-
lative %DR declined more with increasing score when Ad-
DiaRem was applied compared to DiaRem (Supplemental
Fig. 4B).

DR post-GB prediction, using either DiaRem or Ad-
DiaRem, is presented in Fig. 4 (DR 2-year postoperative pre-
diction is shown in Supplemental Fig. 3). Applying DiaRem,
scores of NDR patients greatly overlapped with those achiev-
ing DR 5-year postoperatively (Fig. 4a-i), and this remained
the case when using Ad-DiaRem, though the latter was not
depicted by a bi-modal NDR score distribution (Fig. 4a-ii).
The PPVs for correctly predicting > 80% of the post-GB DR

@ Springer
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Fig. 2 The capacity of DiaRem versus Ad-DiaRem to predict diabetes
remission (DR) 5-years post-Roux-en-Y gastric bypass (RYGB) (a).
Patients with diabetes who underwent RYGB were followed for being
either diabetes free (i.e., DR, green bars) or remaining with diabetes (i.e.,
non-DR, red bars) 5-years postoperatively (i: by DiaRem scoring; ii: by
Ad-DiaRem scoring). The green shaded area denotes the lowest score
range that includes at least 80% of the DR patients (i.e., sensitivity >
0.8). The red shaded area denotes the highest score range that includes at

were only 64.3% for DiaRem and 66.3% for Ad-DiaRem,
which represent decreases from 70.4% and 72.2%, respective-
ly, for the 2-year postoperative DR prediction by the two
scores. ROC analysis (Fig. 4b), %DR per score range (Fig.
4c) and the cumulative %DR with increasing score
(Supplemental fig. 4C) all revealed similarly low predictive
power of the two scores.

Finally, to better understand the bi-modal distribution of
NDR patients seen with DiaRem, we performed a secondary
analysis of the patients with DiaRem < 11 (Table 2). Those
who, despite this favorable low DiaRem score range, exhibit-
ed NDR 2- or 5-years postoperatively tended to be younger
and with a lower preoperative BMI. Nevertheless, they had
higher fasting levels of glucose and HbAlc despite more in-
tensely treated diabetes.

@ Springer

least 80% of the non-DR patients. (b) ROC analysis for DiaRem score
(blue line) 5-years post-RY GB (area under the ROC curve: 0.78) and Ad-
DiaRem score (red line) 5-years post-RYBG (area under the ROC curve:
0.85). (¢) Percent DR 5 years postoperatively by predicting score. DR 5-
years postoperatively spanned from 88.9 to 16.7% for the lowest to
highest DiaRem score ranges and from 100 to 0% for the lowest to
highest Ad-DiaRem score ranges

Conclusions

Of the several scoring systems that have been described for
predicting DR post-bariatric surgery, DiaRem is one of the
most easily implemented and the most reported [9, 12].
DiaRem provides acceptable predictability, as has been dem-
onstrated in several cohorts [7, 9, 12, 14-16]. However, data
on the usefulness of DiaRem to predict DR more than 1 year
postoperatively appears limited [12, 16], and only sparse data
have been published regarding its use following common pro-
cedures other than RYGB [14]. Here, we evaluated the poten-
tial to extend the application of DiaRem using a large HMO
cohort. Our results demonstrated that a low-range DiaRem
score was similarly useful for predicting DR at 2- and 5-
years post-RYGB and SG, as for 1-year post-RYGB.
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Fig. 3 The capacity of DiaRem versus Ad-DiaRem to predict diabetes
remission (DR) 5-years post-sleeve gastrectomy (SG) (a). Patients with
diabetes who underwent SG were followed for being either diabetes free
(i.e., DR, green bars) or remaining with diabetes (i.e., non-DR, red bars)
S-years postoperatively (i: by DiaRem scoring; ii: by Ad-DiaRem scor-
ing). The green shaded area denotes the lowest score range that includes
at least 80% of the diabetes remission patients (i.e., sensitivity > 0.8). The
red shaded area denotes the highest score range that includes at least 80%

However, trends were observed toward lower performance
with time from surgery; this was largely consistent with an-
other recently published report [16]. Notably, DR predictabil-
ity by DiaRem is significantly lower for GB than for the other
two surgeries. Although a lower degree of weight loss
achieved by GB compared to the other two procedures could
be suspected as an explanation, such difference in weight loss
was only a statistically significant finding in this cohort after 1
and 2 years, but not 5-years postoperatively [1]. Furthermore,
the Ad-DiaRem score, which was developed using machine-
learning tools, improved the positive predictive value in the
lower score range for all three procedures at both time points,
but tended to improve AUROC and diminish overlap between
the DR and NDR score ranges only for RY GB—the procedure

ofthe non-DR patients. (b) ROC analysis for DiaRem score (blue line) 5-
year post-SG (area under the ROC curve: 0.82) and Ad-DiaRem score
(red line) 5-years post-SG (area under the ROC curve: 0.82); (c) Percent
DR 5-years postoperatively by predicting score. DR 5-years postopera-
tively spanned from 84.2 to 3.4% for the lowest to highest DiaRem score
ranges, and from 82.8 to 0% for the lowest to highest Ad-DiaRem score
ranges

for which DiaRem was originally designed. Ad-DiaRem also
remained inferior to the DiaRem prediction post-GB.
Analysis of the distribution of DiaRem scores reveals pos-
sible reasons for the limited predictive capacity of this scoring
system: NDR patients exhibited a bi-modal distribution of
scores in our study population, with a significant proportion
of NDR patients demonstrating low scores, within the range
that should have predicted DR. Intriguingly, according to
DiaRem, relatively few patients scored in the range of 11—
15. The bi-modal NDR distribution was markedly eliminated
with the Ad-DiaRem, possibly reflecting the inclusion in this
score of new anti-diabetic drugs that were not included in the
DiaRem. This may have contributed to the mildly improved
predictive power of Ad-DiaRem compared to DiaRem. Yet,
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Fig. 4 The capacity of DiaRem versus Ad-DiaRem to predict diabetes
remission (DR) 5-years post-gastric banding (GB) (a). Patients with
diabetes who underwent GB were followed for being either diabetes free
(i.e., DR, green bars) or remaining with diabetes (i.e., non-DR, red
bars) S-years postoperatively (i: by DiaRem scoring; ii: by Ad-DiaRem
scoring). The green shaded area denotes the lowest score range that
includes at least 80% of the DR patients (i.e., sensitivity >0.8). The red
shaded area denotes the highest score range that includes at least 80% of

despite eliminating the bi-modal NDR score distribution, Ad-
DiaRem did not increase the AUROC compared to that
achieved by DiaRem, for either SG or GB. Unlike for
RYGB, for SG and GB, DR prediction at 5 years tended to
decrease compared to 2-years postoperatively. This may imply
differential mechanisms by which each procedure induces
DR.

Limitations of this study include our reliance on a single
nationwide HMO cohort, and the relatively lower numbers of
patients post-RYGB. This reflects the common procedures
performed in Israel. The data required to perform the analyses
were available for 68.6% and 66.6% of the patients with dia-
betes who underwent bariatric surgery, at 2- and 5-years

@ Springer

the non-DR patients. (b) ROC analysis for DiaRem score (blue line)
S-years post-GB (area under the ROC curve: 0.73) and Ad-DiaRem score
(red line) 5-years post-GB (area under the ROC curve: 0.73). (¢) Percent
DR 5-year postoperatively by predicting score. DR 5-years postoperative-
ly spanned from 76.1 to 9.1% for the lowest to highest DiaRem score
ranges, and from 79.4 to 0% for the lowest to highest Ad-DiaRem score
ranges

postoperatively, respectively. This is a limitation, as those
not included in the analysis had lower preoperative scores than
did those included (mean Ad-DiaRem scores of 5.31 and 5.59
compared to 9.35 and 9.29 for 2- and 5-year postoperative,
respectively). Moreover, patient baseline characteristics dif-
fered for the investigated procedures, and DR rates following
GB were not inferior at 5-years postoperative compared to
those of the other procedures. Nonetheless, the electronic
medical records platform accessed enabled tracking a large
number of patients with preoperative diabetes up to 5-years
postoperatively, and defining their glycemic status using the
ADA criteria, which rely on fasting glucose and HbAlc.
Diabetes duration, one of the two criteria added to the Ad-
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Table2 DR and NDR among those with favorable DiaRem score (< 11 points)
Variable 2-year post-op (DR =86%) S-year post-op (DR =72%)
DR (n =732) NDR (n =165) p value DR (n =639) NDR (n =246) p value
Procedure (%) 6.3/54.8/38.9 2.7/37.8/59.5 <0.001 6.3/52.1/41.6 2.8/42.3/54.9 <0.001
(RYGB/SG/GB)
Age (%)
<42 36.6 42.7 0.073 35.4 40.7 NS
42-52 35.4 35.1 35.4 33.7
>52 28.0 222 29.3 25.6
BMI (kg/m?) 43.9+6.2 42.7+6.1 0.037 442+6.5 42.8+6.0 0.008
Mean + SD
Fasting glucose (mg/dl) 141.9+42.2 161.1+51.8 <0.001 139.8+40.5 162.1+52.3 <0.001
HbA1C (%)
<7.0 65.6 44.9 <0.001 67.3 48.0 <0.001
7.0-7.5 11.6 21.1 11.6 17.9
>7.5 22.8 34.1 21.1 34.1
Anti-DM meds (%)
No 347 227 0.002 34.4 272 0.045
Yes 65.3 77.3 65.6 72.8
Insulin (%)
No 97.1 89.2 <0.001 97.2 93.1 0.011
Yes 29 10.8 2.8 6.9
No. anti-DM meds (%)
None 33.2 17.8 <0.001 33.0 24.0 <0.001
1 47.8 373 48.4 38.2
2 16.0 35.1 16.1 29.3
3 or more 3.0 9.7 2.5 8.5
Diabetes duration (%)
<7y 87.2 81.1 0.044 87.3 82.9 0.103
>7y 12.8 18.9 12.7 17.1

NS, non-significant (p >0.1)

DiaRem, was based on data from patients’ electronic files
(originally—patient-reported). The relatively large number
of patients in the cohort is an added strength of this study, as
is the high diversity in patients’ cultural backgrounds, repre-
sentative of Israel’s population. Collectively, this report in-
cludes “real-world data,” an essential complement to results
of randomized controlled trials. Within this context, the com-
parable 5-years DR rates between the GB, RYGB, and SG
may be attributed to a number of factors. First, patients who
underwent GB tended to have shorter diabetes duration and to
be less likely to use insulin therapy (Table 1). This is consis-
tent with prior 2-years post-GB results, in which patients with
newly diagnosed diabetes were enrolled [21]. In addition, in
Israel, GB is performed in a limited number of specialized
centers, with strict long-term postoperative management by
dedicated surgeons.

In summary, Ad-DiaRem is an easily implemented score
that provides modest improvement for predicting DR com-
pared to the original DiaRem, 2- and 5-years postoperatively.

The Ad-DiaRem provides reasonable predictive capacity,
which is most suitable for RYBG and similarly for SG, but
may be lower for GB. If confirmed by other independent
cohorts, Ad-DiaRem may contribute to better precision care
of obese persons with diabetes who are candidates for bariatric
surgery. Future studies should consider refining Ad-DiaRem
to suit the specific procedure and the postoperative follow-up
period, potentially by including early (1-year) postoperative
outcomes to increase predictive capacity of longer-term DR.

Acknowledgements We thank Dr. Tal Pecht, Dr. llana Harman-Boehm,
and Dr. Ilya Polischuck for their support and excellent discussions that
contributed to this work. Dr. Dror Dicker is the guarantor of this work
and, as such, had full access to all the data in the study and takes respon-
sibility for the integrity of the data and the accuracy of the data analysis.

Author Contribution DD planned the study, researched the data,
reviewed and edited the manuscript, and added to the discussion; RG
researched the data and wrote the manuscript; JAW planned the study,
researched the data, reviewed and edited the manuscript, and added to the
discussion; JDZ researched the data and reviewed the manuscript; NS

@ Springer



804

OBES SURG (2019) 29:796-804

researched the data; DSC researched the data; RY researched the data; SV
researched the data; KC planned the study, researched the data, and
reviewed the manuscript; AR planned the study, researched the data,
and wrote the manuscript.

Funding information This study was supported in part by grants from the
Ministry of Science, Technology & Space, Israel (Israeli-French
collaboration) and by The Ministe’re de L’Education National, de
I’Enseignement Sup’erieur et de la Recherche, France (Maimonide
“Franco-Israeli project”).

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed Consent Informed consent was waived by the ethical com-
mittee that approved this study.

References

1. Dicker D, Yahalom R, Comaneshter DS, et al. Long-term outcomes
of three types of bariatric surgery on obesity and type 2 diabetes
control and remission. Obes Surg. 2016;26(8):1814-20.

2. Vest AR, Heneghan HM, Agarwal S, et al. Bariatric surgery and
cardiovascular outcomes: a systematic review. Heart. 2012;98(24):
1763-77.

3. Adams TD, Davidson LE, Litwin SE, et al. Weight and metabolic
outcomes 12 years after gastric bypass. N Engl J Med.
2017;377(12):1143-55.

4. Angrisani L, Santonicola A, Iovino P, et al. Bariatric surgery world-
wide 2013. Obes Surg. 2015;25(10):1822-32.

5. Aminian A, Brethauer SA, Andalib A, et al. Individualized meta-
bolic surgery score: procedure selection based on diabetes severity.
Ann Surg. 2017;266(4):650-7.

6. Lee WIJ, Hur KY, Lakadawala M, et al. Predicting success of met-
abolic surgery: age, body mass index, C-peptide, and duration
score. Surg Obes Relat Dis. 2013;9(3):379-84.

7. Still CD, Wood GC, Benotti P, et al. Preoperative prediction of type
2 diabetes remission after Roux-en-Y gastric bypass surgery: a

@ Springer

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

retrospective cohort study. Lancet Diabetes Endocrinol.
2014;2(1):38-45.

Aron-Wisnewsky J, Sokolovska N, Liu Y, et al. The advanced-
DiaRem score improves prediction of diabetes remission 1 year
post-Roux-en-Y gastric bypass. Diabetologia. 2017;60(10):1892—
902.

Cotillard A, Poitou C, Duchateau-Nguyen G, et al. Type 2 diabetes
remission after gastric bypass: what is the best prediction tool for
clinicians? Obes Surg. 2015;25(7):1128-32.

Aminian A, Brethauer SA, Andalib A, Nowacki AS, Jimenez A,
Corcelles R, et al. Individualized metabolic surgery score: proce-
dure selection based on diabetes severity. Ann Surg 2017.

Lee MH, Lee WJ, Chong K, et al. Predictors of long-term diabetes
remission after metabolic surgery. J Gastrointest Surg. 2015;19(6):
1015-21.

Wood GC, Mirshahi T, Still CD, et al. Association of DiaRem score
with cure of type 2 diabetes following bariatric surgery. JAMA
Surg. 2016;151(8):779-81.

Lee WJ, Chong K, Chen SC, et al. Preoperative prediction of type 2
diabetes remission after gastric bypass surgery: a comparison of
DiaRem scores and ABCD scores. Obes Surg. 2016;26(10):2418—
24.

Craig Wood G, Horwitz D, Still CD, et al. Performance of the
DiaRem score for predicting diabetes remission in two health sys-
tems following bariatric surgery procedures in Hispanic and non-
Hispanic white patients. Obes Surg. 2018;28(1):61-8.

Aminian A, Brethauer SA, Kashyap SR, et al. DiaRem score: ex-
ternal validation. Lancet Diabetes Endocrinol. 2014;2(1):12-3.
Mehaffey JH, Mullen MG, Mehaffey RL, et al. Type 2 diabetes
remission following gastric bypass: does DiaRem stand the test of
time? Surg Endosc. 2017;31(2):538-42.

Tharakan G, Scott R, Szepietowski O, et al. Limitations of the
DiaRem score in predicting remission of diabetes following
Roux-En-Y gastric bypass (RYGB) in an ethnically diverse popu-
lation from a single institution in the UK. Obes Surg. 2017;27(3):
782-6.

Fried M, Yumuk V, Oppert JM, et al. Interdisciplinary European
Guidelines on metabolic and bariatric surgery. Obes Facts.
2013;6(5):449-68.

Buse JB, Caprio S, Cefalu WT, et al. How do we define cure of
diabetes? Diabetes Care. 2009;32(11):2133-5.

Liu Y, Aron-Wisnewsky J, Marcelin G, et al. Accumulation and
changes in composition of collagens in subcutaneous adipose tissue
after bariatric surgery. J Clin Endocrinol Metab. 2016;101(1):293—
304.

Dixon JB, O'Brien PE, Playfair J, et al. Adjustable gastric banding
and conventional therapy for type 2 diabetes: a randomized con-
trolled trial. JAMA. 2008;299(3):316-23.



	Prediction...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Research Design and Methods
	Study Population
	The DiaRem Scoring Systems
	Statistical Analysis

	Results
	Conclusions
	References


