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Summary
Metabolic diseases, comprising type 2 diabetes mellitus
(T2DM), dyslipidemia, and non-alcoholic steatohepatitis
(NASH), are rapidly increasing worldwide. Conservative
medical therapy, including the newly available drugs,
has only limited effects and does neither influence sur-
vival or the development of micro- or macrovascular
complications, nor the progression of NASH to liver cir-
rhosis, nor the development of hepatocellular carcino-
mas in the NASH liver. In contrast, metabolic surgery is
very effective independent of the preoperative body
mass index (BMI) in reducing overall and cardiovascular
mortality in patients with T2DM. Furthermore, metabolic
surgery significantly reduces the development of micro-
and macrovascular complications while being the most
effective therapy in order to achieve remission of T2DM
and to reach the targeted glycemic control. Importantly,
even existing diabetic complications such as nephropa-
thy as well as the features of NASH can be reversed by
metabolic surgery. Here, we propose indications for met-
abolic surgery due to T2DM and NASH based on a sim-
ple but objective, disease-specific staging system. We
outline the use of the Edmonton Obesity Staging System
(EOSS) as a clinical staging system independent of the
BMI that will identify patients who will benefit the most
from metabolic surgery.

© 2018 S. Karger GmbH, Freiburg

Introduction

The prevalence of overweight and obesity is ever increasing,
both in industrialized countries and developing nations. Despite its
high frequency, the pathomechanisms causing obesity remain
poorly understood; currently available conservative and medical
therapies regularly fail and rarely achieve the desired long-term re-
sults. In the last 15 years, bariatric surgery has emerged as the most
effective therapy for obesity, and it is the only therapy that consist-
ently achieves long-term weight loss. While various bariatric surgi-
cal techniques have been developed over time, sleeve gastrectomy
(SG) and Roux-en-Y gastric bypass (RYGB) are the most widely
used today, since they combine a high level of safety with a good
quality of life and long-lasting effects on obesity.

By the 1920s and 1930s, initial observations showed that type 2
diabetes mellitus (T2DM) improved after gastric surgery. In 1995,
Pories et al. [1] also showed that bariatric surgery is an effective
therapy for T2DM. Subsequent studies, in particular the long-
term results of the Swedish Obese Subjects (SOS) study, further
confirmed that bariatric surgery reduces the incidence of new-
onset T2DM while also effectively remitting existing T2DM [2-
4]. Further randomized controlled trials (RCTs) comparing meta-
bolic surgery with medical therapy showed that these surgical
procedures were not only safe but also more effective than even
intensive medical therapy in treating obesity and its comorbidi-
ties, and that they resulted in a better quality of life [3-6]. Benefi-
cial effects of surgery on T2DM and other components of the
metabolic syndrome, such as blood pressure and dyslipidemia,
were also observed. Most importantly, metabolic surgery reduced
overall as well as cardiovascular mortality. The latest studies indi-
cate that metabolic surgery may even induce the cure of existing
end-organ damage, e.g. diabetic microvascular complications
such as nephropathy, neuropathy, and retinopathy, or other obe-
sity-associated diseases such as non-alcoholic steatohepatitis
(NASH) [7-9].
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Fig. 1. Edmonton Obesity Staging System (EOSS)
(modified from [16]).

Further studies in patients not fulfilling the BMI(body mass
index)-based criteria for bariatric surgery, i.e. those with a BMI < 35
kg/m?, clearly show that metabolic procedures have similar benefi-
cial effects on T2DM and other obesity-associated comorbidities in
non-obese patients [3, 4]. Therefore, the relevance of the currently
accepted criteria for bariatric surgery, which were established by the
National Institute of Health in 1992 and have not been revised
since, is increasingly questioned. Studies from our institution and
others over the last few years have demonstrated that metabolic sur-
gery, or the use of bariatric procedures to treat metabolic diseases, is
an effective therapy for metabolic disease regardless of a patient’s
body weight/BMI. Furthermore, research demonstrates that meta-
bolic surgical procedures also improve existing diabetic complica-
tions such as neuropathy and nephropathy [7-10]. In contrast to
these findings, concerning non-severely obese patients with severe
metabolic disease, there is also ample evidence that patients with a
high degree of obesity can be metabolically healthy [11-13]. These
findings beg the question if comorbidities like T2DM, metabolic
syndrome, NASH, and others would be more appropriate indica-
tions for metabolic surgery than a BMI > 40 kg/m® The new na-
tional German guidelines (S3-Leitlinien) for the ‘Surgical Treat-
ment of Obesity and Metabolic Diseases” address this overwhelming
evidence and extend the indications for metabolic surgery, espe-
cially in patients with T2DM [14]. Noteworthy, the concept of such
a benign obesity has been questioned by data that even ‘metaboli-
cally healthy obese’ individuals have an increased risk of cardiovas-
cular disease compared to lean and healthy people [15].

Therefore, the purpose of this article is to outline possible indi-
cations for metabolic surgery independent of BMI, including
T2DM, NASH, diabetic microvascular complications, and obesity-
related glomerulopathy.

Assessment of Patients Suitable for Metabolic
Surgery

In 2009, Sharma and Kushner [16] introduced the newly-devel-
oped Edmonton Obesity Staging System (EOSS), as previously used
scoring systems based solely on BMI or waist circumference were
found to be insufficient for clinical practice. The EOSS is not based
on the degree of obesity according to BMI but on the absence or
presence — as well as the severity — of comorbidities and organ dys-
function. Figure 1 shows the five EOSS classification groups, which
are based on the patients’ medical, mental, and functional status.
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A study from 2011 using data from the National Health and
Human Nutrition Examination Surveys (NHANES) showed that
the EOSS is a better predictor for mortality than BMI [17]. Survival
curves using the EOSS diverged between stages 0-1 and 2 and, in

particular, compared to patients with EOSS stage 3 but did not dif-
fer when BMI grades were used. Padwal et al. [17] promulgate the
benefit of this scoring system for clinical utility in assessing and
stratifying each patient’s obesity-associated risks.

The EOSS, however, has not been validated in a prospective
clinical study. Furthermore, an important question is whether a
patient with an EOSS stage 2 or even stage 3 can be reversed to a
stage 1 or 0 by an intervention, be it conservative, medical, or sur-
gical. Current studies regarding T2DM remission and the im-
provement of diabetic microvascular complications in particular
suggest that the EOSS stage for each individual patient is, at least
to some degree, reversible. Furthermore, the ideal time point for
considering metabolic surgery needs to be defined and likely also
depends on the comorbidities present. T2DM is a good example:
patients with long-term T2DM and a need for insulin therapy
have a much lesser likelihood for diabetes remission than patients
with an impaired glucose tolerance [2, 18, 19]. Based on the EOSS,
a patient with insulin therapy and a high insulin dose would be
graded as EOSS 2 or 3, depending on the severity of the diabetic
complications. In contrast, a patient with impaired glucose toler-
ance would be graded as EOSS 1. Hence, one could argue that
even patients with T2DM and EOSS 1 should be considered for
metabolic surgery since they would be likely to receive the strong-
est benefit. The importance of operating earlier rather than later is
further supported by the findings of the SOS study, which shows
that metabolic surgery has a lower impact on the reduction of
macro- and microvascular events the longer the T2DM existed
prior to surgery [2, 18]. In contrast, a recent meta-analysis did not
find a relationship between the duration of T2DM and the efficacy
of metabolic operations regarding the reduced incidence or im-
provement of microvascular complications [8]. Lastly, a recent
study by Ahlqvist et al. [20] found that there seem to be several
subtypes of T2DM with different underlying causes such as high
insulin resistance or insulin deficiency, and that these pose differ-
ing risks for the development of T2DM-related complications.
Further studies are needed to confirm these findings, and the ef-
fects of metabolic surgery on these T2DM subtypes also need to be
determined to personalize treatment and achieve the best possible
outcomes. A possible therapy proposal based on the EOSS is
shown in figure 2.
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Fig. 2. Edmonton Obesity Staging System
(EOSS) - evaluation of risk and therapy proposal
(modified from [61]).

Ideally, medical societies should collectively define an EOSS
grade for each obesity-related comorbidity, with future studies
aimed toward evaluating the effectiveness of a variety of therapies
and the risk-benefit ratio for each stage and disease. Based on these
findings, clear indications for conservative therapy or metabolic
surgery could then be defined.

Indications for Metabolic Surgery for Type 2
Diabetes Mellitus

T2DM has become a major problem worldwide and poses one
of the largest challenges for health care. Despite its already high
and ever increasing incidence and the high costs related to it,
T2DM remains poorly understood, and there has been no im-
provement in the number of patients suffering from T2DM world-
wide. The different conservative treatment options available at the
moment range from lifestyle modifications such as increased phys-
ical activity or dietary education to pharmacotherapies including a
combination of several different drugs. All of these methods, even
in combination, only show a poor reduction in T2DM-related
complications, including micro- and macrovascular complications
as well as mortality [21]. In comparison, metabolic surgery is a very
effective treatment option for T2DM as it reduces the development
of micro- and macrovascular complications and mortality [6-8, 10,
22-24]. Several meta-analyses show the superiority of metabolic
surgery for T2DM remission and glycemic control in comparison
to medical therapies. Diabetic remission has been achieved for
obese patients undergoing biliopancreatic diversion (BPD), SG, ad-
justable gastric band, and RYGB [3, 4]. In an earlier meta-analysis
of three observational controlled studies (OCS) and five RCTs, it
has been shown that metabolic surgery achieves superior glycemic
control and T2DM remission even in none-severely obese patients
with a BMI < 35 kg/m? (fig. 3) [3].

In 2016, Rubino et al. [4] showed in a meta-analysis of 15 stud-
ies based on the 2nd Diabetes Surgery Summit (DSS-II) that glyce-
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Fig. 3. RCTs demonstrating the effect of metabolic surgery on type 2 diabetes
remission (modified from [3]). RCT = Randomized controlled trial; AGB =
adjustable gastric band; RYGB = Roux-en-Y gastric bypass; SG = sleeve gas-
trectomy; MT = medical therapy; MS = metabolic surgery.

mic control was more favorable following surgery than with medi-
cal therapy and lifestyle change independent of BMI. 7 of 16 stud-
ies investigated hyperglycemia in patients with a BMI < 35 kg/m?%;
8 studies focused on individuals with a BMI > 35 kg/m?. This meta-
analysis clearly shows that improvement in glycemic control is in-
dependent of how overweight a patient is, and that surgery is ben-
eficial for those who fall into either of those two groups. In the
same meta-analysis, Rubino et al. [4] were able to prove the superi-
ority of metabolic surgery regarding the diminution of glycated
hemoglobin.

Regarding the time point of surgery, a recent study investigating
the benefits of surgery at different stages of diabetes progression
showed that patients with pre-diabetes who had surgery received
the clearest benefit regarding the development of microvascular
complications [18]. These findings led to the newest German S3
guideline from the German Association of General and Visceral
Surgery, which were also approved by the German Diabetes Asso-
ciation, for ‘surgery of obesity and metabolic diseases’ which grant
a much bigger role for metabolic surgery in the treatment of T2DM
in obese patients [14]. Metabolic surgery should be recommended
to patients with a BMI > 40 kg/m? and coexisting T2DM, irrespec-

Visc Med 2018;34:381-387 383
DOI: 10.1159/000493291


http://dx.doi.org/10.1159%2F000493291

tive of glycemic control or the complexity of their antidiabetic
medication. The newest meta-analyses show that these patients
even benefit from an improvement of microvascular complications
such as existing neuropathy or nephropathy [7-10]. The new S3
guidelines specified that metabolic surgery should be recom-
mended to patients with a BMI between 35 and 40 kg/m? who do
not achieve the treatment goal with medical therapy. For a BMI >
30 kg/m? and < 35 kg/m? and coexisting T2DM, metabolic surgery
should be considered if medical therapy does not achieve the target
range or does not reduce disease progression. However, metabolic
surgery is still recommended only in the context of scientific stud-
ies for a BMI < 30 kg/m? and coexisting T2DM.

Microvascular Complications

Research has demonstrated that approximately 40% of patients
with T2DM develop long-term microvascular complications de-
spite consequent therapy and good glycemic control. Typical mi-
crovascular complications are kidney, retinal, and nerve damage.
However, the underlying causes of these microvascular complica-
tions remain poorly understood and may even differ between the
affected organs. Diabetic nephropathy is the most frequent cause of
kidney disease in patients needing dialysis and has a prevalence of
40% in patients with type 1 and 2 diabetes [25, 26]. It is thus indis-
pensable to treat or prevent microvascular complications effec-
tively. Ruospo et al. [21] showed in their Cochrane meta-analysis
that tight glycemic control with a target of glycated hemoglobin
between 6.5 and 7.5% does not improve the risk of kidney failure,
major cardiovascular events, or death compared to non-tight gly-
cemic control.

Therefore, tight glycemic control has no relevant effect on the
development of diabetic complications. In contrast to these find-
ings, we were able to show the benefits of metabolic surgery
(RYGB) in patients with insulin-dependent T2DM and a BMI be-
tween 25 and 35 kg/m? who do not achieve the glycemic target
with medical therapy. RYGB reduced serum creatinine levels in the
first 12 months, which remained stable at normal levels for 24
months, and resulted in an increasing glomerular filtration rate
and amelioration of the microalbuminuria within 24 months, indi-
cating a profound recovery of kidney function [7].

A meta-analysis evaluating 10 studies (3 RCTs and 7 OCS)
found that metabolic surgery can prevent the development of mi-
crovascular complications better than conservative treatment and
is even able to improve already existing diabetic nephropathy
(fig. 4) [8]. These results demonstrate that metabolic surgery, e.g.
RYGB, is an effective treatment option for overweight patients
with diabetic nephropathy. Another important and common mi-
crovascular complication of T2DM is diabetic neuropathy, which
has a lifetime incidence of about 45% in T2DM patients and of
54-59% in those with type 1 diabetes (T1IDM) [27]. One of our
own studies showed that diabetic neuropathy improves and can
even disappear after metabolic surgery, independent of changes in
glycated hemoglobin [9]. Importantly, improvement in diabetic
neuropathy was observed within the first week after surgery and
had no correlation with improvement in glycemic control or
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Fig. 4. Remission of nephropathy in patients with type 2 diabetes mellitus
after metabolic surgery and medical therapy (modified from [8]). RCT = Ran-
domized controlled trial; CCT = clinical controlled trial.

weight loss. However, the reduction in oxidative stress after meta-
bolic surgery showed a strong correlation with improved diabetic
neuropathy [10]. Lastly, there is also evidence that metabolic sur-
gery reduces the incidence of diabetic retinopathy, although its ef-
fects on existing diabetic retinopathy remain elusive [8].

Cardiovascular Events

As cardiovascular disease and T2DM are closely linked, one
might think that treating one would have an impact on the other.
The Look AHEAD trial, however, shows that improved glycemic
control combined with weight loss and improved physical fitness
(or more intensive lifestyle change) does not result in a reduction
of cardiovascular events [28]. Noteworthy, participants of the Look
AHEAD trial who lost more than 10% of their initial body weight
had significant cardiovascular benefits, suggesting an association
between the magnitude of weight loss and the incidence of cardio-
vascular disease in people with T2DM [29]. An RCT by the Action
to Control Cardiovascular Risk in Diabetes Study Group (AC-
CORD), which investigated over 10,250 patients, found that inten-
sive T2DM therapy for 3.5 years actually increases mortality rates
and does not reduce major cardiovascular complications such as
myocardial infarction or stroke [30].

In an RCT of 60 patients, Mingrone et al. [5] assessed the cardi-
ovascular risk in patients treated conservatively or surgically (with
gastric bypass and BPD). They found that the risk diminished in all
three groups, but patients who underwent surgery only had half
the cardiovascular risk after 5 years than those who had received
medical treatment. In their 5-year follow-up period, Schauer et al.
[6] noted a reduction in the need for cardiovascular medication
after metabolic surgery. Sjostrom et al. [23] demonstrated in the
Swedish obese subjects (SOS study) that after metabolic surgery
(whether gastric bypass, banding, or vertical banded gastroplasty),
the number of cardiovascular deaths and the incidence of cardio-
vascular events was significantly diminished overall. Halperin et al.
[31] conducted an RCT that yielded comparable results: non-fatal
and fatal chronic heart disease, as calculated by the UKPDS
(United Kingdom Prospective Diabetes Study) Risk Engine, de-
creased significantly after RYGB.
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Proposed Use of EOSS Grading for T2DM

When applying the EOSS stages to T2DM, stage 0 would corre-
spond to normal glucose metabolism while stage 1 would corre-
spond to an impaired glucose tolerance. Patients requiring medical
treatment will be staged EOSS 2 if they do not have any micro- or
macrovascular complications. Subsequent micro- or macrovascu-
lar complications such as neuropathy, nephropathy, retinopathy,
acute coronary disease, or previous myocardial infarction would
correspond to EOSS 3. In cases of organ failure such as renal insuf-
ficiency or decreased ventricular function, an EOSS of 4 would
apply. Based on these findings, metabolic surgery would be indi-
cated from EOSS 2 on, and may even be considered for patients
with EOSS 1 plus additional risk features for disease progression.
Figure 5 shows an overview of the proposed EOSS staging.

Indications for Metabolic Surgery for NAFLD/NASH

Non-alcoholic fatty liver disease (NAFLD) is a rapidly increasing
chronic liver disease. It is most prevalent in individuals over the age
of 60 years in industrialized countries. T2DM and NAFLD are
highly connected through obesity. Together with the obesity pan-
demic, NAFLD and T2DM have become more frequent worldwide
[32-34]. NAFLD can progress, as determined by the histological
features of lobular inflammation, hepatocyte ballooning, and necro-
sis to NASH, which then can progress to fibrosis and cirrhosis. The
increasing indication for liver transplantation due to NASH cirrho-
sis or the high risk that NASH, even in its fibrotic and not yet cir-
rhotic state, can develop into a hepatocellular carcinoma (HCC)
shows that NAFLD and NASH should be treated both early and ef-
ficiently [35-37]. Of note, T2DM itself is a risk factor for the devel-
opment of HCC, independent of the underlying liver disease [38].

So far, the only effective conservative therapy for NAFLD and
NASH is weight reduction [39]. Because conservative weight loss
methods offer minimal short-term benefit and almost always end in
patients regaining weight, it is crucial to find a permanent means of
weight loss for patients who are at risk for or already suffering from
NAFLD or NASH. In Germany, there is no drug approved for the
therapy of NAFLD/NASH, although several drugs are currently
under investigation [40, 41]. Novel pharmacotherapies are being re-
searched intensively although their effectiveness thus far remains
doubtful. Birkenfeld et al. [42] have defined different targets in the
development of NASH, the most important of which include insu-
lin resistance, lipotoxicity, oxidative stress, and altered regulation of
immunity. One way of reducing insulin resistance is by administer-
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ing insulin sensitizers like glitazones. Glitazones, agonists of the
peroxisome proliferator-activated receptor (PPARy) which modu-
late glucose and lipid homeostasis as well as inflammation, can be
used as a treatment for T2DM [43]. Some beneficial effects of glita-
zone administration are a reduction in insulin resistance and
HbA1lc as well as improvement of liver damage caused by NASH.
The latter effect is caused, among other reasons, by the diminution
of hepatic glucose production and, subsequently, that of steatosis.
Unfortunately, the practical use of glitazones is limited due to their
frequent and often severe side effects such as congestive heart fail-
ure, bone fractures, and bladder cancer. However, metformin, de-
spite also improving insulin sensitivity, does not have a significant
effect on NASH. Antioxidative agents such as vitamin E only have
modest effects on NAFLD and no effect on NASH.

In contrast, metabolic surgery is a very effective treatment for
NAFLD in general but in particular for NASH. A recent study by
Lassailly et al. [44] showed the beneficial and significant changes in
steatosis and NAFLD activity score (NAS) after metabolic surgery
(fig. 6): steatosis decreased from 60 to 10% after surgical treatment,
and the NAS diminished from 5 to 1, essentially normalizing the
liver histology in patients with NASH. Interestingly, the authors
even showed that metabolic surgery can reduce liver fibrosis. An-
other meta-analysis also demonstrated this effect: each of the 16
studies included demonstrated a diminution of steatosis after met-
abolic surgery [45].

Metabolic surgery does not only improve NASH but also has a
profound effect on disease-related mortality. McCarty et al. [46]
analyzed data on 45,462 patients with liver cirrhosis who were in-
cluded in the HICUP database for the years 2004-2012 and found
a large difference in mortality depending on whether a patient had
metabolic surgery or not (5% with and 69% without metabolic sur-
gery). Although such studies are often skewed due to the nature of
administrative databases, this result still shows that metabolic sur-
gery seems to have a profound impact on the progression of liver
disease.

Obese patients also have an overall higher rate of cancer. One
meta-analysis showed that metabolic surgery was able to decrease
the likelihood of cancer by reducing weight effectively [47]. The in-
cidence of liver cancer in particular was reduced by metabolic sur-
gery, as NAFLD and NASH, both common among obese patients,
may progress to HCC [48]. Applying the EOSS to NAFLD or NASH,
stage 1 corresponds to steatosis without inflammatory reaction.
EOSS 2 would then be applied to patients with histological features
of NASH without fibrosis, and EOSS 3 to cases of NASH with fibro-
sis. Liver cirrhosis or HCC would fulfill criteria for EOSS 4 (fig. 5).
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Metabolic Surgery for Other Potential Indications

Dyslipidemia, frequently characterized by high circulating tri-
glycerides and low high-density lipoprotein cholesterol, is another
common comorbidity of obesity. Bays et al. [49], when analyzing
the Study to Help Improve Early evaluation and management of
risk factors Leading to Diabetes (SHIELD) and National Health
and Human Nutrition Examination Surveys (NHANES) databases,
found that an increase in BMI is associated with an increased prev-
alence of dyslipidemia. Dimitri et al. [50] showed a decrease in the
prevalence of dyslipidemia after metabolic surgery. This effect was
significant after the first year and remained stable throughout the
5-year follow-up. In an earlier meta-analysis, we also found that
metabolic surgery leads to a reduction of dyslipidemia independent
of the surgical techniques used [3].

Obstructive sleep apnea syndrome (OSAS) is often associated
with obesity. Approximately 42-48% of obese men and 8-38% of
obese women suffer from OSAS [51]. OSAS increases the risk of
stroke, lowers quality of life, and is also common in patients with
heart failure [52, 53]. Treatment of OSAS includes continued posi-
tive airway pressure, oral appliance, and upper airway surgery [54-
56]. In a retrospective study with a 5-year follow up, Dimitri et al.
[50] showed that the prevalence of sleep apnea decreases signifi-
cantly after metabolic surgery. A systematic review comparing 19
surgical and 20 non-surgical studies similarly proved that meta-
bolic surgery has more impact on the apnea-hypopnea index than
non-surgical weight loss does [57]. Comparing different surgical
methods, Sarkhosh et al. [58] found that every metabolic surgery
procedure was highly effective in improving OSAS although 25%
of patients reported no improvement at all.

Obesity-related glomerulopathy (ORG) is defined by glomeru-
lomegaly with or without focal and segmental glomerulosclerosis
lesions and is caused by obesity independent of T2DM [59]. Obe-
sity also increases the risk of hypertension, which in turn increases
the risk of chronic kidney disease by vasoconstriction as well as
electrolyte and water retention [60]. Furthermore, it increases in-
trarenal inflammation. At present, no definitive treatment has been
defined for ORG, although aggressive weight loss through meta-
bolic surgery seems promising.
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Further RCTs are needed to investigate which patients’ criteria
and which stage of dyslipidemia, OSAS, and ORG predict the best
outcome after metabolic surgery. Additionally, more data are
needed before these three diseases can be included in the EOSS.

Conclusion

Metabolic surgery is an effective treatment for various meta-
bolic diseases including T2DM, NAFLD/NASH, dyslipidemia, and
others. Importantly, there is overwhelming evidence that the ben-
eficial effects of metabolic surgery are not dependent on preopera-
tive BMI and that it is similarly effective for patients with a BMI <
35 kg/m?. Hence, we propose that the EOSS should be used as a
staging tool for metabolically sick patients, and that therapy strati-
fication be based on EOSS stages. Evidence consistently shows that
metabolic surgery is the most effective therapy for reducing overall
as well as cardiovascular-related mortality in obese patients with
metabolic disease. Further, metabolic surgery does not only reduce
disease incidence but also improves existing microvascular compli-
cations, is highly effective in reducing the histological features of
NASH, and reverses fibrosis.

Based on these findings, metabolic surgery should be a mainstay
in the treatment of metabolic disease. Healthcare providers treat-
ing patients with such diseases should define and agree on how
EOSS stages should be utilized best and at which stages metabolic
surgery should be recommended.
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