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Abstract

Aims/hypothesis The aim of this study was to examine the effect of Roux-en-Y gastric bypass (RYGB) surgery on diabetes
remission, subsequent diabetes relapse and micro- and macrovascular complications in individuals with type 2 diabetes and
obesity (BMI >35 kg/m?) in a real-world setting.

Methods This was a population-based cohort study of 1111 individuals with type 2 diabetes treated by RYGB at hospitals in
Northern Denmark (2006-2015), and 1074 matched non-operated individuals with type 2 diabetes. Diabetes remission was
defined as no glucose-lowering drug use with HbA . <48 mmol/mol (<6.5%), or metformin monotherapy with HbA .
<42 mmol/mol (<6.0%). Data on complications were ascertained from medical registries with complete follow-up.

Results At 1 year of follow-up, 74% of the cohort treated by RY GB experienced diabetes remission, while 27% had relapsed after
5 years. Predictors of non-remission were age >50 years, diabetes duration >5 years, use of glucose-lowering drugs other than
metformin, and baseline HbA . >53 mmol/mol (>7.0%). Compared with the non-operated cohort using adjusted Cox regression
(5.3 years follow-up), the cohort treated by RYGB had 47% lower risk of microvascular complications (HR 0.53 [95% CI 0.38,
0.73]) and a statistically non-significant 24% lower risk of macrovascular complications (HR 0.76 [95% CI 0.49, 1.18]). Diabetes
remission vs non-remission at 1 year was associated with reduced HR of 0.43 (95% CI 0.25, 0.72) for microvascular compli-
cations and with HR of 0.76 (95% CI 0.40, 1.45) for macrovascular complications.

Conclusions/interpretation In routine clinical care, three out of four individuals with type 2 diabetes and obesity treated by
RYGB experienced diabetes remission after 1 year, whereas 27% of these individuals had relapsed at 5 years follow-up. RYGB
was associated with substantially decreased risk of microvascular complications and non-significantly fewer macrovascular
complications, with early diabetes remission as a clear predictor of reduced microvascular complications.

Keywords Diabetes remission - Gastric bypass - Macrovascular complications - Microvascular complications -
Population-based study - Roux-en-Y gastric bypass - Type 2 diabetes
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What is already known about this subject?

e  Roux-en-Y gastric bypass (RYGB) resolves type 2 diabetes in selected cohorts but there is a risk of diabetes relapse

o Afew studies of mixed bariatric surgical procedures suggest an effect on subsequent micro- and macrovascular

complications

What is the key question?

e  Whatis the effect of RYGB surgery on diabetes remission and micro- and macrovascular complications in individuals
with type 2 diabetes and BMI =35 kg/m? in a real-world setting?

What are the new findings?

e Seventy-four per cent of individuals with type 2 diabetes treated by RYGB experienced diabetes remission within 1

year, although 27% had relapsed after 5 years

e Non-remission was predicted by age >50 years, diabetes duration >5 years, use of glucose-lowering drugs other than

metformin and baseline HbA:c.>53 mmol/mol (>7.0%)

e Relative to a matched non-operated cohort, the RYGB group had an adjusted HR of 0.53 (95% Cl 0.38, 0.73) for
microvascular complications and 0.76 (95% Cl 0.49, 1.18) for macrovascular complications

How might this impact on clinical practice in the foreseeable future?

e  OQur results confirm high diabetes remission rates following RYGB in everyday clinical practice, with a positive effect
on microvascular, and possibly macrovascular, complications, especially if surgery is performed early after diabetes

diagnosis

diabetes [1, 2]. Until recently, Roux-en-Y gastric bypass
(RYGB) was the surgical procedure of choice, especially
when treating individuals with both obesity and type 2 diabe-
tes [3]. Depending on study design and baseline participant
characteristics, reported short-term resolution of type 2 diabe-
tes following RYGB varies from 75% to 90% [4—10]. In
single-centre clinical trials, younger age, lower HbA ., shorter
diabetes duration, male sex and lesser severity of diabetes has
predicted higher chance of diabetes remission [11, 12]. On the
other hand, emerging long-term follow-up data reveal a con-
siderable risk of type 2 diabetes relapse after initial remission
[12, 13]. Whether chances of remission, relapse and predictors
of remission apply to large real-world population-based co-
horts with complete follow-up is unknown [14, 15].

A few long-term follow-up studies have examined the ef-
fect of mixed bariatric surgical procedures on micro- and
macrovascular complications of diabetes in larger cohorts.
The Swedish Obese Subjects (SOS) study reported 56% and
32% reduced risk, respectively, of microvascular and
macrovascular complications in 343 participants (13% with
RYGB) for 17.6 years [16]. Johnson et al reported 78% and
61% reduced risk of microvascular and macrovascular com-
plications, respectively, in 2580 participants (percentage with
RYGB not reported) during 21 months of follow-up [17]. Very
recently, O’Brien et al reported a 59% reduced risk of micro-
vascular complications in 4024 operated individuals (76%
with RYGB) during 4.3 years of follow-up [18];
macrovascular complications were not investigated.
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We used real-world Danish healthcare data with complete
follow-up to investigate the effect of RYGB on diabetes
remission, predictors of non-remission, risk of diabetes re-
lapse, risk of surgical complications and the incidence of
micro- and macrovascular complications in a type 2 diabetes
cohort treated by RYGB and a matched non-operated type 2
diabetes comparison cohort.

Methods

Setting We conducted a population-based observational co-
hort study in individuals with type 2 diabetes living in
Northern Denmark (1.8 million residents). All Danish resi-
dents are assigned an identification number in the Danish
Civil Registration System (CRS) either at birth or upon immi-
gration, which allows unambiguous individual-level linkage
of registries with complete follow-up [19]. In this study, we
linked data from the CRS [19], the Danish National Patients
Registry (DNPR) [20], the Danish National Health Service
Prescription Database (DNHPD) [21] and the LABKA data-
base (with clinical laboratory information from both primary
and secondary care), ensuring complete data coverage of the
entire population [22]. The Danish National Board of Health
provides the Danish population with tax-supported healthcare,
including partial reimbursement of prescription drug expenses
and full payment for bariatric surgery if fulfilling specific
criteria (BMI >35 kg/m? in the case of type 2 diabetes) [23].
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During the study period, bariatric surgery was performed in
five hospitals in Northern Denmark. This study was approved
by the Danish Data Protection Agency (2014-54-0922 KEA-
2015-4). Since no patient contact was involved, no separate
permission from the Danish Scientific Ethical Committee was
required according to Danish Legislation.

Assembly of RYGB and comparison cohorts We first identified
all individuals (age >18 years) with type 2 diabetes based on
prescriptions of one or more glucose-lowering drugs (GLDs)
from 1 January 2005 to 31 December 2015. To exclude indi-
viduals with likely type 1 diabetes, we excluded individuals
<30 years of age at the time of filling a first prescription for
insulin only. We then identified our RYGB-operated type 2
diabetes cohort as individuals registered with a procedure code
for RYGB from 1 January 2006 to 31 December 2015 in the
DNPR. Individuals had to be current GLD users, (within the
last 180 days of the RYGB date/the index date). We excluded
women with polycystic ovarian syndrome, an alternative indi-
cation for RYGB surgery (see electronic supplementary mate-
rial [ESM] Table 1). Individuals with type 2 diabetes not treated
by RYGB or any other bariatric surgery during the study period
and who were current GLD users on the index date of an
RYGB-operated individual were eligible for the matched com-
parison cohort. For each individual treated by RYGB, we sam-
pled one individual without RYGB, matched with replacement
on the index date, on year of birth (calendar year), sex, place of
residence (regions) and calendar year of diabetes diagnosis.
Algorithms on cohort formation are shown in ESM Table 1.

Baseline variables and potential confounders From the CRS
and DNHPD, we retrieved information on age, sex and treated
diabetes duration (time since first GLD prescription) on the
index date. We also ascertained data on potential confounders
associated with RYGB as choice of treatment and subsequent
chance of diabetes remission or risk of diabetes complications.
From the DNHPD, we assessed use of drugs, including type of
GLD and blood-pressure-lowering, lipid-lowering and anti-
thrombotic drugs (within 100 days before the index date).
Micro- and macrovascular complications within 10 years prior
to index date, including diabetic retinopathy, nephropathy and
neuropathy, cerebrovascular disease, ischaemic heart disease
and peripheral and abdominal vascular disease were assessed
from the DNPR as described in detail in ESM Table 1.
Likewise, we retrieved data on 19 major comorbid disease cat-
egories according to the Charlson Comorbidity index (CCI)
based on the DNPR [24, 25]. We calculated the CCI score for
each individual, excluding diabetes as this was the index dis-
ease in our study [26]. Using the LABKA database, we
assessed baseline serum creatinine and corresponding eGFR
values (within 1 year before the index date) and HbA . (within
100 days before the index date). Finally, we retrieved data on
diagnosis or treatment of selected conditions not included in the

CCI, as well as data on alcohol abuse from the DNHPD and the
DNPR. Categorisation of all characteristics, together with de-
tailed algorithms and codes, is shown in ESM Table 1.

Diabetes remission, non-remission and relapse For ecach
6 month period of follow-up, we defined diabetes remission
as no use of GLD and an HbA,, <48 mmol/mol (<6.5%).
Because metformin therapy is often continued in Danish clini-
cal practice even after observed diabetes remission, we also
accepted an HbA |, <42 mmol/mol (<6.0%) with use of metfor-
min only as diabetes remission. If individuals were exposed to
neither GLD use nor any HbA .. testing during a given 6 month
period, we categorised them as being in diabetes remission.
Conversely, we defined non-remission as use of any GLD,
except use of metformin only in combination with HbA .
<42 mmol/mol (<6%), or any HbA |, >48 mmol/mol (>6.5%)
independent of GLD use. We defined diabetes relapse as occur-
rence of HbA . >48 mmol/mol (>6.5%) or a new prescription
for a GLD after initial discontinuation [27]. The completeness
of HbA ;. measurements is shown in ESM Table 2.

Diabetes complication outcomes Study outcomes included
microvascular complications (diabetic retinopathy, diabetic
neuropathy and diabetic kidney disease) and macrovascular
complications (ischaemic heart disease, cerebrovascular dis-
ease and peripheral- and abdominal vascular disease) and
were ascertained using all available inpatient and outpatient
diagnoses recorded in the DNPR [28, 29] (ESM Table 3). In
addition, we assessed changes in serum creatinine and eGFR.

Risk of surgical complications We calculated the risk of re-
admission with surgical complications at 30 and 90 days fol-
lowing RYGB, applying a previously published algorithm
[30]. Details are shown in ESM Table 4.

Statistical analysis We followed all participants from the index
date until death, emigration out of Northern Denmark or end of
study period (31 December 2015). Loss to follow-up was not a
concern because Danish registries receive complete data
through mandatory reporting from the entire Danish public
healthcare and administrative system. We presented baseline
characteristics as medians with interquartile range (IQR) and
proportions (n [%]). For each 6 month period after the index
date, each individual was categorised as being in diabetes re-
mission or not (i.e. prevalent remission [15], with the ability to
shift category every 6 months and vice versa), with diabetes
remission within the first year after the index date as primary
endpoint. Next, we used modified Poisson regression to explore
predictors for not achieving the diabetes remission endpoint in
the RYGB cohort. Third, in the subgroup of the RYGB cohort
with diabetes remission within the first year, we assessed the
annual prevalence of diabetes relapse from day 366 and on-
wards, with our main endpoint being prevalence of relapse at
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year 5. Fourth, we calculated incidence rate (IR) and incidence
rate ratio (IRR) of incident micro- and macrovascular compli-
cations (hospital coded) and renal outcomes (LABKA data-
base) and applied Cox proportional hazards regression analysis
to estimate hazards of incident microvascular and
macrovascular complications following the index date in the
RYGB cohort vs the age-, sex- and diabetes duration-matched
comparison cohort. We further adjusted in the final models for
index date values of HbA ., history of microvascular compli-
cations (for macrovascular endpoint also for macrovascular his-
tory), level of CCI score, mental depression, use of blood-pres-
sure-lowering, lipid-lowering and antithrombotic drugs and
type of GLD used. Fifth, we used Cox regression to examine
hazards of diabetes complications, comparing RY GB-operated
individuals with and without successful diabetes remission
within the first year, starting follow-up at day 366 and exclud-
ing from this analysis all RYGB-operated individuals with
micro- or macrovascular complications between the index date
and day 365. In this analysis, sample size allowed for adjust-
ment for sex, age, diabetes duration and micro-and
macrovascular disease before the index date. For all Cox re-
gression models, proportional hazards assumption was fulfilled
after controlling log—log plots and residuals.

Results

Characteristics of cohorts The RYGB cohort included 1111
individuals and the matched non-operated comparison cohort
included 1074 individuals. The median follow-up time was
5.3 (IQR 4.0, 6.3) years in the RYGB cohort and 5.2 (IQR
3.9, 6.2) years in the comparison cohort. In the RYGB cohort,
the median age was 46.8 (IQR 39.9, 54.3) years, 63.5% were
women and median diabetes duration was 3.6 (IQR 1.1, 7.0)
years at the index date, similar to the comparison cohort.
Median HbA . at baseline (51 mmol/mol [6.8%] vs
53 mmol/mol [7.0%]) and proportion with microvascular
complications were also similar, while baseline macrovascular
complications and use of blood-pressure-lowering drugs were
more prevalent in the RYGB cohort (Table 1).

Diabetes remission and relapse following RYGB As shown in
Fig. 1, during the first 6 months of follow-up 65% of the RYGB
cohort fulfilled criteria of remission, increasing to 74% at 6—
12 months and surpassing 70% prevalent remission for every
6 month period in the first 5 years. The corresponding data for
the comparison cohort are shown in ESM Fig. 1. Among indi-
viduals in the RYGB cohort who were in remission within the
first year of follow-up, 6% (47/746), 12% (82/689), 18% (111/
620) and 27% (133/492) had relapsed at 2, 3, 4 and 5 years after
RYGB, respectively (ESM Fig. 2). Thus, 73% (359/492) of
those in remission after the first year were still in remission
5 years after RYGB. Nevertheless, since the prevalent
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remission stayed above 70%, this implies that some RYGB-
operated individuals who were not deemed to be in remission
within the first year achieved remission later in the follow-up
period. Characteristics of the RYGB cohort based on remission
(n="786) or non-remission (n = 275) status within the first year
of follow-up are shown in ESM Table 5. Predictors of not
achieving remission within the first year were as follows: age
group 5060 years (RR 0.88 [95% CI 0.81, 0.96]) or >60 years
(RR 0.83 [95% C10.72,0.97]) vs age group <40 years; diabetes
duration 5-8 years (RR 0.87 [95% CI 0.79, 0.97]) or >8 years
(RR 0.73 [95% CI1 0.62, 0.86]) vs <2 years; HbA ;. >53 mmol/
mol (>7.0%) (RR 0.81 [95% CI 0.75, 0.88]) and use of GLDs
other than metformin (RR 0.90 [95% CI 0.81, 1.00]), with
insulin use being the strongest predictor of non-remission (RR
0.57 [95% CI 0.48, 0.68]) (Fig. 2). In contrast, CCI score,
mental depression or other psychiatric disease did not material-
ly affect chance of remission.

Microvascular and macrovascular complications after RYGB
During follow-up, the IRs for any microvascular event were
21.5/1000 person-years among RYGB-operated individuals
and 38.7/1000 person-years among the comparison group
(IRR 0.56 [0.44, 0.70]). Diabetic retinopathy occurred in
13.9/1000 person-years of RYGB-operated individuals vs
27.6/1000 person-years of comparisons (IRR 0.52 [0.39,
0.69]). Hospital-coded diabetic kidney disease occurred in
3.6/1000 person-years of RYGB-operated individuals vs 6.6/
1000 person-years of comparisons (IRR 0.54 (0.31, 0.94).
Diabetic neuropathy occurred in 5.1/1000 of RYGB-
operated individuals vs 6.1/1000 of comparisons (IRR 0.84
[0.50, 1.39]). Cumulative incidence curves for any microvas-
cular event (diabetic kidney disease, retinopathy and neu-
ropathy, whichever came first) in the two cohorts are present-
ed in Fig. 3a and showed a higher cumulative incidence in the
comparison cohort. Changes in creatinine and eGFR are
displayed in ESM Figs 3, 4 and ESM Tables 6, 7. Relative
to the comparison cohort, the crude HR for microvascular
complications in the RYGB cohort was 0.54 (95% CI 0.42,
0.70). After adjustment for potential confounders, the RYGB
cohort had a 47% lower hazard of incident microvascular
disease vs the comparison cohort (HR 0.53 [95% CI 0.38,
0.73]) after a median follow-up of 5.3 (IQR 4.0, 6.3) years.
IRs for any macrovascular event were 11.7/1000 person-
years among RYGB-operated individuals and 15.0/1000
person-years among individuals in the comparison group
(IRR 0.78 [0.56, 1.09]). Ischaemic heart disease occurred in
2.9/1000 person-years among RYGB-operated individuals vs
5.3/1000 person-years among comparisons (IRR 0.54 [0.29,
1.00]). In contrast, cerebrovascular disease occurred in 4.1/
1000 person-years among RYGB-operated individuals vs
3.2/1000 person-years among comparisons (IRR 1.29 [0.69,
2.41)). Peripheral- and abdominal vascular disease occurred in
5.9/1000 person-years of RY GB-operated individuals vs 5.3/
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Table 1 Index date characteris-

tics of the RYGB and comparison Characteristic RYGB cohort (n=1111)  Comparison cohort (n =1074)

cohorts with type 2 diabetes
Age, years 46.8 (39.9-54.3) 47.1 (40.4-54.3)
HbA ., mmol/mol 51 (43-60) 53 (45-66)
HbA ., % 6.8 (6.1-7.6) 7.0 (6.3-8.2)
Follow-up time, years 5.3 (4.0-6.3) 5.2 3.9-6.2)
Diabetes duration at index date, years 3.6 (1.1-7.0) 3.5(1.2-6.8)
Female sex, n (%) 706 (63.5) 681 (63.4)
Any hospital-recorded microvascular 139 (12.5) 141 (13.1)

complication, n (%)
Diabetic retinopathy, n (%) 93 (8.4) 113 (10.5)
Diabetic neuropathy, n (%) 40 (3.6) 27 (2.5)
Diabetic kidney disease, n (%) 23 (2.1) 252.3)
¢GFR <90 ml min"' [1.73 m] >, n (%) 467 (42.3)* 300 (36.3)°
eGFR <60 ml min~' [1.73 m] 2, n (%) 67 (6.2)* 35 (3.9)°
Serum creatinine, pmol/l 66 (57-76) 63 (55-73)
Any hospital-recorded macrovascular 157 (14.1) 119 (11.1)
complication, n (%)

Ischaemic heart disease, n (%) 112 (10.1) 91 (8.5)
Cerebrovascular disease, n (%) 16 (1.4) 27 (2.5)
Abdominal or peripheral vascular disease, n (%) 47 (4.2) 28 (2.6)
Metformin only, n (%) 466 (41.9) 472 (43.9)
Metformin plus other oral GLDs, n (%) 246 (22.1) 210 (19.6)
Metformin plus insulin, n (%) 203 (18.3) 90 (8.4)
GLP-1 analogue, n (%) 9 (0.8) 6 (0.6)
Insulin only, n (%) 47 (4.3) 172 (16.0)
Other GLDs and insulin, 7 (%) 26 (2.3) 18 (1.7)
ACE inhibitor/ARB, n (%) 244 (22.0) 208 (19.4)
Any blood-pressure-lowering drug, n (%) 745 (67.1) 532 (49.5)
Aspirin, n (%) 193 (17.4) 165 (15.4)
Any antithrombotic drug, n (%) 229 (20.6) 197 (18.3)
Statins, n (%) 458 (41.2) 459 (42.7)
Any lipid-lowering drug, n (%) 486 (43.7) 480 (44.7)
CClI score 0, 1 (%) 912 (82.1) 889 (82.8)
CCl score 1, n (%) 154 (13.9) 112 (10.4)
CClI score 2, n (%) 38 (3.4) 48 (4.5)
CClI score >3, n (%) 7 (0.6) 25(2.3)
Mental depression, 7 (%) 463 (41.7) 359 (33.4)
Other psychiatric disease, 1 (%) 132 (11.9) 123 (11.5)
Chronic pulmonary disease, n (%) 90 (8.1) 52 (4.8)
Musculoskeletal disease, n (%) 296 (26.6) 213 (19.8)
Alcohol abuse, n (%) 58 (5.2) 66 (6.1)

Data are median (IQR) or n (%)

The RYGB and comparison cohorts with type 2 diabetes were matched on age, sex, place of residence, calendar
year of diabetes debut and diabetes duration. For detailed algorithm, see ESM Table 1

*n=1081 in the RYGB-operated group had available baseline eGFR/creatinine data

® =893 in the comparison cohort had available baseline eGFR/creatinine data

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers; GLP-1, glucagon like peptide-1

When examining hazards of diabetes complications, com-
paring RYGB-operated individuals with and without achieved
diabetes remission within the first year, microvascular events
were 57% lower in those with remission (HR 0.43 [95% CI

1000 person-years among comparisons (IRR 0.75 [0.47,
1.18]). Relative to the comparison cohort, the crude HR for
any macrovascular event was 0.83 (95% CI 0.59, 1.17) (Fig.
3b), with an adjusted HR of 0.76 (95% CI 0.49, 1.18).
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Fig. 1 Proportion of RY GB-operated individuals with diabetes remission
(blue) and non-remission (red) assessed every 6 months during the first
5 years of follow-up. Each individual had the ability to shift from remis-
sion to non-remission status and vice versa every 6 months during follow-
up (i.e. prevalent remission was investigated [15]). The rather constant
proportion of RYGB-operated individuals observed as being in diabetes
remission in each 6 month time interval during follow-up, despite
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successive diabetes relapses occurring, indicates that diabetes remission
status following RYGB is dynamic. At each time point, diabetes remis-
sion was defined as either no use of GLDs and an HbA . <48 mmol/mol
(<6.5%) or use of metformin only and an HbA |, <42 mmol/mol (<6.0%).
We defined non-remission as use of any GLD, except use of metformin
only in combination with HbA . <42 mmol/mol (<6.0%), or any HbA .
>48 mmol/mol (>6.5%) independent of GLD use
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Fig. 2 Baseline predictors of lack of diabetes remission within 1 year
after RYGB. Diabetes remission was defined as either no use of GLDs
and an HbA |, <48 mmol/mol (<6.5%) or use of metformin only and an
HbA | <42 mmol/mol (<6.0%). We defined non-remission as use of any
GLD, except use of metformin only in combination with HbA
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<42 mmol/mol (<6.0%), or any HbA |, >48 mmol/mol (>6.5%) indepen-
dent of GLD use. ‘Other psychiatric disorder’ covers bipolar disorders,
schizophrenia and severe personality disorders. “For HbA ., 3.6% (38/
1061) had missing baseline measurements. NR, non-remission; R,
remission
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Fig. 3 Cumulative incidence of micro- and macrovascular complications
in the RYGB and comparison cohorts. Microvascular complications (a)
and macrovascular complications (b) in the RYGB cohort and the com-
parison cohort are shown with 95% Cls (shaded area). The numbers
below the x-axis represent the number of individuals in the RYGB cohort

0.25, 0.72]). The adjusted hazard of macrovascular events was
24% lower (HR 0.76 [95% CI 0.40, 1.45]).

Surgical complications During the first 30 days following
RYGB, the risk of readmission due to any surgical complica-
tion was 7.5% (84/1109) (ESM Table 8). The 90-day mortality
following RYGB was <0.5%.

Discussion

In this population-based real-world study with complete follow-
up for median 5.3 years, 74% of individuals with type 2 diabetes
treated by RYGB experienced diabetes remission after one year.
There was a lower chance of remission with older age, increased
diabetes duration and greater severity of diabetes at index date.
Twenty-seven per cent of those in remission at 1 year experienced
relapse after 5 years. Of importance to patients and healthcare
providers, those who underwent RYGB surgery had substantially
decreased risk of subsequent microvascular complications and a
(not statistically significant) decreased risk of subsequent
macrovascular complications as compared with non-operated in-
dividuals with type 2 diabetes; successful diabetes remission at
1 year was a clear predictor of fewer microvascular complications.
The 30 day risk of readmission due to surgical complications after
RYGB was 7.5%, higher than we previously reported among
RYGB-operated individuals overall (3.3%) [30], most likely be-
cause type 2 diabetes per se disposes to surgical complications.
Surgical short-term mortality was very low (<0.5%).

As Isaman et al have stressed, diabetes remission rates follow-
ing RYGB reported in the literature vary substantially (25-83%)
depending on definition of remission, study duration, choice of
statistical analysis, whether or not attrition rates are taken into
account and whether the setting is population or clinic based,
hampering generalisability of previous results [15]. We deviated
from the usual definition of diabetes remission [27] by counting

_ 12.5 Comparison cohort
é _______ RYGB cohort
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2 504
k]
g
g 2.5
(@]
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(red) and the comparison cohort (blue) for each year of follow-up.
Microvascular complications: diabetic retinopathy, diabetic neuropathy
and diabetic kidney disease. Macrovascular complications: ischaemic
heart disease, cerebrovascular disease and peripheral- and abdominal vas-
cular disease. Specific diagnosis coding is given in ESM Table 3

an individual with HbA . <42 mmol/mol (<6.0%) and use of
metformin only as being in diabetes remission, a definition ap-
plied in some RYGB outcome studies previously [31]. Building
on the cardioprotective results of metformin observed in the UK
Prospective Diabetes Study (UKPDS) [32], it is clinical practice
in Denmark to continue metformin despite observed diabetes
remission [30]. This more liberal definition explains the higher
remission rates seen in our comparison cohort compared with
those reported in previous studies (13-20% vs 0-16%) [12, 13,
16]. On the other hand, we defined type 2 diabetes in our study
by use of GLD and not by specific diagnostic criteria. By exclud-
ing at baseline RYGB-operated individuals with non-
pharmacologically treated type 2 diabetes, which may more like-
ly remit following RYGB, our rates of remission might be lower
than those reported in previous studies. Still, our real-world data
are largely consistent with previous non-population-based single-
centre observations of high 1 year diabetes remission rates [5, 7,
8, 10, 31] and 5 year relapse rates of approximately 30-50% [9,
12, 13]. Most interestingly, our findings of older age, higher
HbA,, longer diabetes duration and pre-operative insulin treat-
ment being associated with lack of remission following RYGB
corroborate data from previous cohort studies [9] and single-
centre randomised trials [12]. It seems these remission predictors
are consistently observed independently of study type and could
be included in a remission scoring system [11, 33]. Overall, our
findings add evidence to the importance of regular check-ups
following RYGB, despite initial diabetes remission, and also
suggest that timing of RYGB is important (i.e. consider RYGB
while there are still functional pancreatic beta cells). Interestingly,
but without any obvious explanation, we found a trend towards
male sex being a positive predictor for diabetes remission; this
was also reported by Arterburn et al [9]. Our 5 year prevalent
remission rate of 70% concurs with previous findings [5, 34]. Of
note, there is evidence that operated individuals not reaching the
threshold for diabetes remission (whatever the definition) still
display better glycaemic control than non-operated individuals,
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with less use of GLDs than preoperatively [12, 13, 34]. This
aligns with the theory of ‘metabolic memory’ introduced by
Coleman et al [35], suggesting that time spent in diabetes remis-
sion following RYGB is not spent in vain when it comes to
reducing the risk of subsequent microvascular complications.

An important strength of our study is the inclusion of individ-
uals with type 2 diabetes treated by a single type of bariatric
surgery. Furthermore, we present real-world clinical data in a
population-based setting, representing 30% of the Danish popu-
lation. Our data catchment area covers both urban and rural areas,
all socioeconomic groups, and all types of hospitals/clinics.
Because the Danish healthcare system is state-funded, the indi-
vidual economy of each patient plays no role in whether or not
RYGB is offered. This setting may reduce the selection bias aris-
ing from whether or not treatment is chosen, a bias that likely
affects every non-randomised study on the effects of RYGB. Our
setting also ensures complete follow-up through universally cov-
ering registries [15], in contrast to clinic-based settings where
patient attrition may be correlated to treatment failure [36]. Our
relatively long follow-up of 5.3 years for micro- and
macrovascular events is to our knowledge only surpassed by the
SOS study group to date [16]. In contrast to the SOS study, which
included all types of bariatric procedures, we did not depend on
self-reported outcomes. Regarding diabetes remission, Adams
et al presented an even longer follow-up, although that study
was based on 88 participants with type 2 diabetes only [34].

A main limitation of our study was the lack in our registries of
individual-level data on BMLI, a factor associated with risk of type
2 diabetes and macrovascular complications [37]. In a previous
study (V= 1429), BMI in Danish individuals treated by RYGB
was 46 kg/m? at time of surgery and 30 kg/m? at 4.5 years after
surgery [36]. In comparison, the average BMI of a Danish person
with type 2 diabetes is approximately 30 kg/m? [38]. This clearly
indicates that our RYGB cohort had a considerably higher BMI
than the comparison cohort at baseline, also corroborated by their
higher baseline prevalence of cardiovascular disease and usage of
blood-pressure-lowering drugs. Any uncontrolled confounding
from BMI would therefore likely have led us to underestimate
the protective effect of RYGB on diabetes complications, not
changing our conclusions. We also lacked data on tobacco use,
which may be lower in individuals with high BMI [39] and thus
might have driven the cardiovascular risk estimate in the opposite
direction [37]. However, we were able to include data on chronic
obstructive pulmonary disease in our analysis; this is a strong
marker of smoking and was in fact over-represented in the
RYGB cohort. In addition, we do not have full data coverage
on HbA,. in every 6 month follow-up period (although better
than previous studies of RYGB [40]), which might limit the
interpretation of remission and relapse. Finally, due to a limited
number of the individual micro- and macrovascular complica-
tions, related both to study size and to the incomplete assessment
of changes in for example retinopathy and albuminuria in regis-
tries, we lacked statistical power and were unable to calculate
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adjusted HRs for individual microvascular and macrovascular
complications (alternatively, IRRs were reported).

Despite these limitations, our finding of a 47% lower risk of
incident microvascular complications (HR 0.53 [95% CI 0.38,
0.73]) following RYGB confirms data from the few previous
existing studies. The SOS study reported a 66% reduced risk
(HR 0.44 [95% CI 0.34, 0.56]) of microvascular complications
in a study of 343 bariatric-operated and 260 non-operated indi-
viduals with type 2 diabetes with a median follow-up of 17.6 years
[16]. Johnson et al reported a 78% lower risk (HR 0.22 [95% CI
0.09, 0.49]) of microvascular complications when examining
2580 bariatric-operated individuals and 13,371 control individ-
uals, providing 21 months of follow-up in their observational
study based on insurance claims [17]. Neither of these outcome
studies controlled for diabetes duration or severity markers as we
did. Our findings for microvascular complications also corrobo-
rate those of a new study by O’Brien et al, reporting an adjusted
HR 0.41 [95% CI 0.34, 0.48]) for microvascular complications
during a median of 4.3 years follow-up in 4024 individuals treat-
ed by bariatric surgery compared with a control group [18]. Data
in this study originated from four healthcare databases in the
USA,; although there was a disenrolment rate of more than 25%
in the surgical cohort during follow-up, the study had the strength
of also being able to match for baseline BMI. O’Brien et al [18]
found lower risks of diabetic kidney disease, diabetic retinopathy
and diabetic neuropathy in the RY GB-operated cohort, while we
observed the strongest associations for reduced kidney disease
and retinopathy as the main drivers of reduced microvascular
complications. Our findings of improved eGFR in the RYGB
cohort during the first 5 years of follow-up may be partly due
to the RYGB-induced weight and muscle losses and thus not only
be reflective of improved renal function. Still, although RYGB
may be associated with kidney disease [41], the overall effect on
kidney function appears beneficial, supported by findings on re-
ductions in albuminuria and lower incidence of end-stage renal
disease found in other studies [42, 43]. Finally, our finding that
among individuals that had undergone RYGB, diabetes remission
after 1 year conferred a 57% lower risk of microvascular compli-
cations (HR 0.43 [95% CI 0.25, 0.72]) additionally supports
treatment by RYGB in the early years of type 2 diabetes, where
chance for remission is greater.

When it comes to the effect of RYGB on macrovascular
events, the magnitude of reduced risk (HR 0.76 [95% CI 0.49,
1.18]) that we observed during 5.3 years of follow-up—though
statistically imprecise—aligns well with results of the observa-
tional SOS study reporting 32% reduced risk (HR 0.68 [95% CI
0.54, 0.85]) [16] and was lower than the 61% (HR 0.39 [95% CI
0.29, 0.51]) reduced risk reported by Johnson et al [17]. Again,
our ability to adjust for diabetes duration and severity might
partly explain the differences in estimates. We observed the stron-
gest association for reduced ischaemic heart disease as the main
driver of reduced macrovascular complications, corroborating
findings from Eliasson et al [44] reporting reduced HR of fatal
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and non-fatal myocardial infarction (HR 0.51 [0.21, 0.91]) in
individuals with type 2 diabetes treated by RYGB.

In conclusion, the findings from this study add to the growing
body of evidence on effects of bariatric surgery, specifying that
RYGB does remit type 2 diabetes and is associated with a re-
duced risk of microvascular, and possibly macrovascular, com-
plications, also in population-based non-selected cohorts and es-
pecially if introducing surgery at an early stage of disease.
Predictors of remission success seem to be very consistent in
randomised controlled trials, studies of selected cohorts and
population-based studies. On the other hand, there is a substantial
risk of relapsing into type 2 diabetes, which should be accounted
for when advising patients and planning post-surgery care.
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