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Abstract

This systematic review and meta-analysis intend to evaluate the efficacy of metabolic/bariatric surgeries (MBS) in patients
with type-1 diabetes mellitus. A systematic literature search and meta-analysis were performed in electronic databases up to
July 2021. In total, 27 primary studies comprising 648 subjects were included in this systematic review and meta-analysis.
Patients had a mean age of 38.0+7.3 years. Preoperative mean BMI was 42.6 +4.7 kg/m* and 29.4 + 4.7 kg/m? after surgery,
respectively. Following bariatric surgeries in patients with type 1 diabetes mellitus, insulin (unit/day) decreased by a weighted
mean difference (WMD) of — 10.59. Also, insulin (unit/kg/day) decreased by a WMD of — 0.2, and HbA1C decreased by a
WMD of —0.71, showing MBS acceptable and durable effects of bariatric surgical procedures.
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Introduction in the long-term remission of T2DM and durable weight
loss compared to conventional medical treatment [1, 2].
Nowadays, metabolic/bariatric surgery (MBS) is a well-  Nevertheless, the role of MBS in type 1 diabetes (TIDM)
established treatment for type 2 diabetes (T2DM) in severely =~ remains debated, and with limited existing data in the cur-
obese patients, proven to have a greater substantial effect  rent literature.

T1DM is a complex autoimmune disease resulting from
cytotoxic T-cells attack to insulin-secreting beta cells [3,
4]. The genetic, epigenetic, and environmental factors and
immune effects have a role in TIDM pathogenesis and can

lead to its presentation at any age (even advanced ages).

Key Points

e MBS reduces postoperative insulin requirement in T1IDM
patients with severe obesity.

oMBS improves HbAlc in TIDM patients with severe obesity.

o A careful multidisciplinary approach is necessary for evaluating
T1DM patients.
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However, it mainly occurs in children and adolescents under
20 years old [4, 5]. The most common form of T1DM in
adults is latent autoimmune diabetes (LADA), a subset that
may have clinical features of T2DM with absolute insu-
lin deficiency [6]. The incidence of TIDM has increased
3-4% in the last three decades. An increased emphasis on
the achievement of glycemic goals and intensive insulin
regimens has contributed to the propensity for weight gain.
Thus, approximately 50% of patients with TIDM are cur-
rently obese or overweight [5].

The greatest challenge in translating the benefits of MBS
to individuals with T1DM is the lack of well-designed clini-
cal trials. Despite the positive relationship between child-
hood obesity and TIDM [7], due to lack of enough beta
cells reserve, the decreased peripheral resistance after MBS
may not be so effective compared to results in T2DM, and
the role of MBS in T1DM is still contradictory [8—12]. This
systematic review and meta-analysis intend to evaluate the
efficacy of MBS in patients with TIDM.

Methods
Data Sources

A comprehensive search of electronic databases includ-
ing PubMed, EMBASE, and SCOPUS up to July 2021 was
completed. Title searching was restricted to include “type
1 diabetes mellitus” in conjunction with the following key-
words/terms: bariatric, gastric bypass, gastric band, and
sleeve gastrectomy. To find any additional related research,
a manual search of the reference lists of relevant publications
was conducted.

Selection Criteria

Abstracts were examined by two independent reviewers and
selected based on the following inclusion criteria: human
studies, primary bariatric surgery performed diagnosis of
T1DM at baseline confirmed by the presence of pancreatic
autoantibodies (islet cell or glutamic acid decarboxylase),
documented history of diabetic ketoacidosis (DKA), and/or
insulin therapy required from the time of diagnosis. Articles
were excluded if they were letters, comments, and confer-
ence abstracts or published in abstract form only. Using the
same filtering criteria, full papers for all selected abstracts
were screened more carefully.

Data Extraction
The relevant data were collected from full-text articles for all

selected abstracts by two independent reviewers and differ-
ences were resolved by consensus. Although there was more

than one publication from the same study population, only
the most recent findings were included in the final analysis.
Preoperative and postoperative HbA1lc and insulin require-
ments were the primary outcomes of interest.

Statistical Analysis

Descriptive categorical data were expressed as percentage,
and continuous data were expressed as weighted mean dif-
ference (WMD). In this meta-analysis, continuous variables
including HbA1C and insulin need to be measured before
and after bariatric surgery, where the mean, standard devia-
tion, and sample size in each group were known. The weight
given to each study (how much influence each study has
on the overall results of the meta-analysis) was determined
by the precision of its estimate of effect and was equal to
the inverse of the variance. This method assumes that all of
the studies have measured the outcome on the same scale
for each meta-analysis. The weighted mean difference was
calculated for groups before and after bariatric surgery, and
it was the difference between start and finish values. Meta-
analysis was used to compare glycemic control indicators
(HbAlc and total daily insulin requirement) where the rel-
evant data were available. The estimated effects have been
calculated using STAT version 14 software. The random-
effects method was used in our analysis. All included studies
were evaluated for heterogeneity.

Results
Study Selection and Characteristics

Preliminary searches of electronic databases identified 478
potentially relevant articles. All re-publication studies were
excluded. After screening abstracts against the selection
criteria, 27 full-text articles were selected and evaluated
for eligibility. In total, 27 primary studies comprising 648
subjects were included in this systematic review and meta-
analysis (Fig. 1). Included studies were published between
February 1981 and July 2021; 2 were case series and 3 were
case reports (Table 1).

Baseline Patient Demographics

In this review, 648 patients were included in this analysis.
Subjects had a mean age of 38.0+7.3 years. Preopera-
tive mean BMI was 42.6 +4.7 kg/m* and 29.4 +4.7 kg/m?
after surgery, respectively. Follow-up time had a mean of
32.6 +23.2 months. The most common procedure for MBS
was Roux-en-Y gastric bypass (RYGB) accounting for 72.5%
of procedures (n=470).
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Fig.1 Preferred reporting items
for systematic reviews and
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Complications

Complications were reported for 41 patients. These
included multiple hypoglycemic episodes, DKA, deep
vein thrombosis (DVT), gastro-jejunal ulcer, esophageal
motility disorder, persistent nausea, gastric fistula, inci-
sional hernia, stenosis, leak, intestinal obstruction, and
one vitreous hemorrhage. No mortality was reported in
any of the studies.

Meta-analysis of Insulin Requirement Outcomes
(unit/kg/day or unit/kg/day)

A random-effect model was also used to measure
the effectiveness of the WMD. Based on the results
of the included studies, bariatric surgeries decrease
insulin doses (unit/day) by a WMD of — 10.59
(Fig. 2).

Figure 3 shows that bariatric surgeries decrease insulin
doses (unit/kg/d) by a WMD of —0.21 (Fig. 3).

@ Springer

Meta-Analysis of Hb1Ac Outcomes

Figure 4 shows how bariatric surgeries have been effective in
reducing HbA 1C. Nonetheless, HbA1C decreased by a WMD
of —0.71, showing the acceptable and durable effects of bari-
atric surgeries (Fig. 4).

Publication Bias

The analysis results showed that biased publication did not
influence the creation of negative results, which is shown
as symmetry in the funnel plot. Meanwhile, no evidence of
publication bias was detected using Egger’s test (Egger’s test
t=-0.37,P=0.722,95% CI. — 5.132 t0 3.739).

Discussion

Severe obesity is rapidly increasing worldwide; accord-
ingly, obesity is now considered an epidemic. Addition-
ally, numerous significant comorbidities may accompany



Obesity Surgery (2022) 32:1726-1733 1729
Table 1 Bariatric surgical studies reporting on changes in type 1 diabetes mellitus
Author Year Type of study Patient RYGB Gastric BPD SG SADI OAGB LSG/DIB DS Follow up
band- duration(month)
ing
Czupryniak et al. [11] 2010 Retrospective 3 3 - - - - - - 76
Mendez et al. [13] 2010 Case series 3 3 - - - - - - 12
Garcia et al. [14] 2012 Case report 1 1 - - - - - 10
Fuertes-Zamorano et al. [15] 2013 Case report 2 - - - 2 - - - 60
Dirksen et al. [16] 2013 Retrospective 1 1 - - - - - - 12
Chuang et al. [17] 2013 Retrospective 1 - - 1 - - - - 12
Garciacaballero et al. [8] 2013 Case Series 5 - - - - 5 - - 10
Raab et al. [18] 2013 Retrospective 6 2 3 1 - - - - 12
Blanco et al. [9] 2014 Retrospective 6 6 - - - - - - 24
Brethauer et al. [12] 2014 Retrospective 10 7 - - - 36
Lannoo et al. [19] 2014 Cohort 22 16 - 6 - - - - 38
Middelbeek et al. [20] 2015 Cohort 10 10 - - - - - - 60
Maraka et al. [21] 2015 Cohort 10 9 - 1 - - - - 24
Robert et al. [22] 2015 Retrospective 10 10 - - - - - - 55
Faucher et al. [23] 2016 Retrospective 13 6 - 7 - - - - 12
Moreno-Fernandez et al. [24] 2016 Retrospective 6 3 - - - - 3 - 54
Rottenstreich et al. [25] 2016 Retrospective 13 3 - 10 - - - - 24
Alsabah et al. [10] 2017 Retrospective 10 - - 10 - - - - 96
Favre et al. [26] 2017 Case report 1 1 - - - - - - 9
Vilarrasa et al. [27] 2017 Retrospective 32 11 - 15 - - - 6 24
Alnageeb et al. [28] 2018 Retrospective 11 - - 4 - 7 - - 24
Uno et al. [29] 2018 Retrospective 5 - - - - - 5 - 48
Hironaka et al. [30] 2018 Case report 1 - - 1 - - - - 6
Landa et al. [31] 2019 Cohort 16 - - 19 - - - - 42
Fernandez-Ranvier et al. [32] 2020 Retrospective 13 2 - 10 - 1 - - 24
Vendrame et al. [33] 2020 Retrospective 38 60
Hoskuldsdoéttir et al. [34] 2020 Cohort 387 387 - - - - - - 24

severe obesity, such as diabetes, metabolic syndrome,
and hypertension, which, as evidence would suggest,
significantly improve after bariatric surgery [35]. It has
been shown that MBS facilitates and improves the man-
agement of T2DM [1, 36]. However, it was only until
recently that TIDM was associated with obesity [37].
The increased prevalence of severe obesity and metabolic
syndrome among T1DM patients, with the cardiovascular
disease becoming their leading cause of death, has led
clinicians to consider MBS for severely obese TIDM
patients [38]. Indeed, MBS is recognized to be effective
for both metabolic syndrome and cardiovascular disease
[39, 40]. Therefore, since MBS seems to improve the
lives of obese TIDM patients, it is of great importance
to analyze and interpret the results of several studies per-
formed on this subject. Consequently, significant focus
has been given during the last years by the medical and
surgical community on the potential beneficial effect of
MBS for patients suffering from T1DM.

This systematic review and meta-analysis found 27
eligible studies, including data from 648 T1DM patients
undergoing bariatric surgery for severe obesity. Firstly,
it demonstrates that MBS is safe and effective for TIDM
severely obese patients, resulting in significant weight loss
and without causing major postoperative metabolic compli-
cations. Secondly, it demonstrates that MBS is associated
with a significant reduction in daily insulin requirement
sustained in the long term. Insulin doses dropped dramati-
cally (both absolute values and those indexed to weight),
and heterogeneity was minimal in the included studies
(lowest quality studies were excluded at initial selection).
Glycosylated hemoglobin (HbA1c¢) levels also significantly
decreased by 66%. Some of the potential factors responsible
for these results, regarding insulin requirements and HbAlc
levels after bariatric surgery, could be a reduction in insulin
resistance, improvement in the function of the remaining
beta cells, preservation of beta-cell mass, and/or increased
hepatic insulin sensitivity. Furthermore, studies suggest that
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Fig.2 Forest plot showing the

effect of bariatric surgery on
insulin doses (unit/day)
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MBS in T1DM results in improved comorbidities related to
obesity, including hypertension and dyslipidemia. Therefore,
in patients with TIDM, it seems that through the metabolic
changes achieved by MBS, the effect of a sustainable and
lasting caloric reduction is enabled, leading ultimately to
weight loss. This is entirely the opposite of the currently
common “overtherapy” with insulin in TIDM.

@ Springer

RYGB and biliopancreatic diversion with duodenal
switch (BPD) obtain the most impressive results. This can
be partially attributed to the secretion of hormones improv-
ing glucose disposal, like incretins, mainly glucagon-like
peptide 1 (GLP-1) and peptide YY (PYY). The highly-
secreted gut hormones deliver the gastric content to the
distal part of the small intestine [41]. Dirksen et al. [16]



Obesity Surgery (2022) 32:1726-1733

1731

Fig.4 Forest plot showing the

effect of bariatric surgery on

HbAlc [32] Study o
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noticed a significant improvement in insulin requirement
within a week after RYGB, which was associated with
marked increases in postprandial GLP-1 and PYY secre-
tions. The most potent of these anorexigenic hormones is
GLP-1, a peptide secreted from L cells in the distal ileum
and from neurons in the nucleus tractus solitarius of the
caudal brain stem. GLP-1 affects the brain indirectly through
vagal nerve fibers in the intestine, whereby it transmits vari-
ous signals to the nucleus of the solitary tract (NTS), an area
in the brain which plays a crucial role in regulating feeding
patterns [42]. GLP-1 seems to induce satiety through slow
gastric emptying and the nervous system’s action, resulting
in significant weight loss. It also increases glucogenesis in
hepatic and skeletal muscle cells. It further participates in
a redistribution of overall body fat mass, while the visceral
and intramuscular depot is also reduced [43]. GLP-1 has also
been linked to increased insulin secretion by acting directly
on the beta cell membrane receptors. Finally, it accelerates
lipogenesis in adipocytes, which may result in improved
insulin sensitivity [44]. However, one should not forget that
diabetes improvement after MBS is also linked to numerous
other mechanisms, such as intestinal microbiota changes,
bile acids increase, and brain plasticity changes.

A thorough examination to uncover the most suit-
able TIDM patient group remains. We believe that MBS
ought not routinely to be recommended to all TIDM
patients. It seems that patients with LADA are the most

appropriate candidates for surgery since the secretory
burden on beta cells elicited by insulin resistance leads to
their subsequent apoptosis if the burden is prolonged. In
LADA cases, when MBS is conducted at the early stages of
the disease, subsequent weight loss and metabolic effects
preserve beta-cell mass and delay total insulin deficiency.
Indeed, cases of remission of slowly progressive TIDM or
insulin weaning in T1DM severely obese patients have been
reported in the literature [22, 29], providing elements of sup-
port for the use of MBS for TIDM patients with LADA.
For all other T1DM patients, a careful and multidisciplinary
approach is necessary to define which patient is a good can-
didate for MBS.

The most common surgical procedure reported in this sys-
tematic review is RYGB, but data is insufficient to recommend
any particular procedure. The spectacular results of RYGB
in T2DM control have undoubtedly played a role in this pro-
cedural choice in T1DM patients. However, it is still unclear
whether this is the most appropriate surgical procedure for
patients with TIDM. BPD has demonstrated having had a
more significant effect on weight reduction, insulin require-
ments, and resolution of dyslipidemia when compared to
sleeve gastrectomy and that BPD compared to RYGB could
lower the risk of postprandial glycemia and hyperinsulinemic
hypoglycemia [22]. Hypoglycemia is a relatively frequent
complication in T1DM patients undergoing bariatric surgery,
reaching an incidence of even 70%. The majority of cases
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occur within the first few days to months after surgery. The
stress of the surgical operation, dietary changes, food intol-
erance, and improvement in insulin sensitivity may result
in an incorrect adjustment of insulin doses, and thus hypo-
glycemic episodes following surgery. Some authors suggest
that sleeve gastrectomy may be a more attractive procedure
for patients with TIDM because of more predictable carbo-
hydrate absorption [19], even if hypoglycemic episodes are
also observed with intensive insulin management of T1DM.
Thus, a trend towards laparoscopic RYGB as a procedure of
choice in patients in T1DM seems to exist, offering the best
risk-to-benefit ratio. However, further randomized prospective
studies have to be conducted in order to draw safe conclusions
on this issue.

Diabetic ketoacidosis is a life-threatening complication of
TI1DM. In a study by Aminian et al. [45], the incidence of
DKA in the early post-operative period in TIDM patients was
reported to be as high as 25%. In insulinopenic T1DM patients,
continuous exogenous insulin is required for the prevention
of fatty acid breakdown into keto-acids. If insulin is held or
severely reduced, for example, when oral intake is low in the
postoperative period, life-threatening DKA may develop. In
this setting, i.e., fasting state or low carbohydrate ingestion,
DKA may occur even in the absence of significantly elevated
blood glucose values. Therefore, special attention to insulin
requirements and fluid-electrolyte status may be warranted.
Input from endocrinologists during pre-and postoperative
phases is necessary.

This study has several limitations, mainly due to the design
of the analyzed studies. First, the level of evidence is low, con-
sidering only a small number of T1DM patients undergoing
MBS have been recorded in current literature. Second, dif-
ferent bariatric surgical procedures are described for T1IDM
patients. Third, heterogeneity in the results and variability in
follow-up may represent reporting biases leading to unsafe
conclusions. Fourth, data on glycemic variability in TIDM
patients undergoing MBS are not available in the current lit-
erature. Finally, the lack of comparative or prospective studies
in the subject represents a significant interpretive limitation.
Therefore, randomized, prospective trials are required to con-
clusively evaluate the effects of surgery in TIDM both in the
short and long term and define the most suitable candidates
who will benefit the most out of it.

Conclusion

The current study shows that MBS reduces postoperative
insulin requirement and improves HbAlc in obese and
severely obese T1DM patients. A careful multidisciplinary
approach is necessary for each of these patients to determine
whether weight reduction and benefits of obesity comor-
bidities outweigh the overall operation risks. High-volume

@ Springer

randomized, prospective trials are necessary to elucidate the
role of MBS in the treatment of severely obese patients with
TI1DM.
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