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Background: We aimed to evaluate the medium-term efficacy of sleeve gastrectomy (SG) vs. Roux-en-Y
gastric bypass (RYGB) on remission of non-alcoholic fatty liver disease (NAFLD) in patients with type 2
diabetes mellitus (T2DM).

Methods: We identified severely obese patients [body mass index (BMI) >35 kg/m’] with NAFLD (as
defined by the Longitudinal Assessment of Bariatric Surgery Study) and T2DM (as defined by the American
Association of Clinical Endocrinologists and the American College of Endocrinology) who underwent SG or
RYGSB in a single university surgical centre. The cohorts were match-paired and data were analysed after at
least 3 years of follow up. The key outcomes measured were: (I) the improvement of liver function tests and
NAFLD markers; (I) glycemic control and insulin resistance.

Results: Ninety-six patients were investigated; 44 (45.8%) were women. The mean pre-operative BMI was
45.2 kg/m’ in the SG and 42.0 kg/m’ in the RYGB group. SG and RYGB both significantly reduced serum
liver enzyme concentrations. NAFLD markers resolved 2 years after SG in all patients. In contrast, only 78%
and 80% of patients achieved remission of NAFLD 2 and 3 years after RYBG respectively. Both procedures
resulted in comparable rates of remission of T2DM.

Conclusions: Bariatric surgery with SG may be preferable to RYGB for obese patients with NAFLD and
T2DM based on the rates of remission of markers of these co-morbidities. However, our results need to be
confirmed in prospective trials. Understanding the metabolic effects of specific bariatric surgical procedures

may facilitate the development of a personalised approach to weight-loss surgery.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is frequently
associated with obesity and affects an estimated 25-30%
of the population worldwide (1). In fact, NAFLD has
a prevalence of 40-70% in patients with diabetes (1).
Moreover, type 2 diabetes mellitus (T2DM) and obesity
often occur together as part of the metabolic syndrome.
Therefore, the combination of NAFLD, T2DM and obesity
represents a major public health challenge, particularly in
the developed world (2).

NAFLD is part of the spectrum of liver diseases, which
ranges from reversible steatosis and steatohepatitis (NASH)
to irreversible cirrhosis and liver cancer (3). In fact, T2DM
is one of the strongest risk factors for progression of NAFLD
to NASH, cirrhosis and hepatocellular carcinoma (HCC).
Recent studies have also drawn attention to the prevalence
of NASH in patients with body mass indices in the normal
range (lean NASH), which is also associated with the
development of liver disease complications. Thus, there is
a pressing clinical need to identify effective therapies for
NAFLD in patients with metabolic co-morbidities.

At present, there is lack of a drug-based therapy which
results in long-term weight reduction and improves and/
or prevents obesity-related co-morbidities, including
NAFLD-related liver failure and HCC (4-6). In contrast,
a bariatric surgery-based approach, particularly for
patients with a body mass index (BMI) >35 kg/m?, may
not only achieve the goal of weight reduction but may also
ameliorate obesity-related co-morbidities. For example,
bariatric surgery can improve glycaemic control in T2DM
within days of surgery, even in patients with a BMI
<35 kg/m’ (6-8). Bariatric surgery has also been shown to
reduce cardiovascular- and overall mortality in obese patients
with T2DM and can prevent the development of micro-
and macrovascular complications (9). Whilst NAFLD is not
currently a stand-alone indication for bariatric surgery (10),
evidence is now emerging that bariatric surgery can
modulate the clinical course of NAFLD and NASH (11).
Although weight loss by itself can lead to an improvement
or resolution in NAFLD (12), mechanisms independent of
weight loss have also been suggested. Moreover, bariatric
procedures not only decrease the likelihood of progression
to hepatic decompensation but may also have the potential
to reverse existing liver damage (13).

However, the term bariatric surgery encompasses many
procedures and the extent to which the specific surgical
approach, sleeve gastrectomy (SG) or Roux-en-Y gastric

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Billmann et al. Metabolic surgery for T2DM and NAFLD

bypass (RYGB), influences the course of NAFLD and other
obesity-related comorbidities is unclear. This uncertainty
is at least partially due to the preponderance of short-term
studies in the published literature, often with incomplete
descriptions of the surgical approach and patients’ co-
morbidities (14-17). Moreover, few studies have stratified
patients on the basis of co-existing NAFLD and T2DM (15).
Therefore, there is a need for medium- to long-term studies
to specifically examine the metabolic effects of bariatric
surgery in obese patients with NAFLD and T2DM,
particularly given that these co-morbidities are associated
with the highest risk of progression of NAFLD to cirrhosis
and HCC. The aim of this matched-pair analysis was
to compare the medium-term effects of SG vs. RYGB
on remission of pre-existing NAFLD in patients with
concomitant T2DM. We present the following article in
accordance with the STROBE reporting checklist (available
at https://hbsn.amegroups.com/article/view/10.21037/
hbsn-21-71/rc).

Methods
Study design and setting

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
institutional review board (University of Heidelberg) and
individual consent for this retrospective analysis was waived.
It was a single-centre retrospective cohort study. All patients
were operated upon by experienced surgeons in a certified
centre for bariatric surgery. Pre-operative assessment
was performed by a multi-disciplinary team consisting of
bariatric surgeons, endocrinologists, dieticians, psychologists
and psychiatrists, all with experience in evaluating patients
before and after bariatric surgery. The operation technique
was as previously described (15); all patients underwent
laparoscopic procedures without use of a robotic assistance.
Patient, procedural and follow-up data were collected
between 2006 and 2019.

Cobort and follow-up

Patients included in this study were diagnosed with severe
obesity (BMI >35 kg/m?), NAFLD and T2DM, as defined
by the American Association of Clinical Endocrinologists
and the American College of Endocrinology (18). Patients
were treated according to the national guidelines for
bariatric and metabolic surgery (19). All patients underwent

HepatoBiliary Surg Nutr 2022;11(6):795-807 | https://dx.doi.org/10.21037/hbsn-21-71


https://hbsn.amegroups.com/article/view/10.21037/hbsn-21-71/rc
https://hbsn.amegroups.com/article/view/10.21037/hbsn-21-71/rc

HepatoBiliary Surgery and Nutrition, Vol 11, No 6 December 2022

an endocrinological assessment to exclude obesity
secondary to a hormonal aetiology, as well as psychological
evaluation to exclude any contra-indications to bariatric
surgery. Furthermore, all patients received nutritional
counselling by dieticians experienced in the care of bariatric
patients. Prior to 2018, all patients underwent 6-month
of conservative medical weight loss therapy. After 2018,
patients with a BMI >50 kg/m? or a T2DM and a BMI
>40 kg/m? underwent the bariatric-metabolic operation
without 6 months of conservative medical weight loss
therapy, as per national guidelines.

Follow-up for each patient began on the day of surgery.
The choice of the procedure, SG or RYGB, was based
on technical feasibility, which was determined after
laparoscopic exploration. Patient preference was also
taken into account. Patients were excluded if (I) they did
not complete a standard surgical follow-up of at least
3 years, (II) they were younger than 18 years of age or
were unable to give informed consent, (IIT) they were
diagnosed preoperatively with a significant hiatal hernia
or gastroesophageal reflux disease (GERD), (IV) there was
inadequate assessment of NAFLD and glycemic control (i.e.,
complete follow-up values were not available).

Outcomes

Demographic, clinical, and peri-operative (including
clinical, pathological, biochemical and co-morbidity) data
were collected for all patients included in this study.

The investigated outcomes were: (I) the improvement
of liver function tests and NAFLD [alanine transaminase
(ALT), aspartate transaminase (AST), NAFLD Fibrosis
Score, Hepatic Steatosis Index]; (II) glycemic control (fasting
glucose, HbAlc, insulin use, metformin use), insulin
resistance; (III) mortality and morbidity; and (IV) % excess
body weight loss (%EBW) and % total body weight loss
(% TWL).

Definition of NAFLD

NAFLD was defined based on an elevated level of ALT
(>35 U/L) according to previous studies (20). The cut-off
of 35 U/L is higher than the one used by Prati e 4/. in their
definition of healthy ranges of ALT (<19 U/L for women
and <30 U/L for men) (21). However, given that serum
ALT alone is merely a screening tool, neither fully sensitive
nor specific for the NAFLD, the NAFLD Fibrosis Score
(NFS) was also investigated as in previous studies (22).
This non-invasive score was proposed by Angulo ez al. (23)
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as a reliable surrogate marker for the severity of NAFLD
associated liver fibrosis. This score is based on the following
formula: NFS = -1.675 + 0.037 x age (years) + 0.094 x BMI
(kg/m’) + 1.13 x IFG/diabetes (yes =1, no =0) + 0.99 x AST/
ALT ratio — 0.013 x platelet (x10°/L) — 0.66 x albumin (g/L.).
NFS is valid as an index of fibrosis. In the absence of
direct measurement of liver fat [e.g., biopsy, ultrasound or
magnetic resonance imaging (MRI)], we used the Hepatic
Steatosis Index (HSI). This score is based on the following
formula: HST = 8 x ALT/AST ratio + BMI + 2 (if diabetes)
+ 2 (if female), with values <30 ruling out and values 236
ruling in steatosis.

Assessment of glycemic control

Fasting glucose, HbAlc and insulin were determined in
serum samples collected pre-operatively and during the
follow-up. Laboratory parameters were measured by the
certified central laboratory of our University Hospital as
part of the regular clinical follow-up. Insulin resistance
was assessed by the homeostasis model assessment for
insulin resistance (HOMA-IR) according to Matthews
et al. (24) using the following formula: [glucose
(mg/dL) x insulin (mU/L)]/405. Remission of T2DM was
achieved when all of the following criteria were fulfilled:
fasting glucose <100 mg/dL, HbAlc <6.0% and no use of
antidiabetic medication, according to the 2009 consensus
conference (25).

Statistical analysis

All analyzes were performed using the PRISM 8 GraphPad
software (GraphPad Software, San Diego, USA). Continuous
variables were summarized as mean and standard deviation
(SD) and median (interquartile range, IQR). Categorcial
variables were registered as n (%). Statistical comparisons
of quantitative variables were performed with Student’s
t test or Mann-Whitney-U test. For categorical variables,
the Pearson’s Chi’ test or Fisher’s exact test were used. All
statistical tests were two-sided, and P values of less than
0.05 were considered statistically significant.

Matching criteria

For the purpose of comparing the treatment outcomes
and morbidity between the groups (SG vs. RYGB) and in
order to minimize selection bias, a matched-pair analysis
was performed. The technique of bariatric procedure used
(SG vs. RGYB) was entered in the matched-pair model as
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746 patients operated on with
SG/RYGB for morbid obesity
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Figure 1 Flow diagram of the present study. SG, sleeve gastrectomy;
RYGB, Roux-en-Y gastric bypass; ALT, alanine transaminase;
T2DM, type 2 diabetes mellitus; BMI, body mass index.

a dependent variable and age (10 years), sex, ALT/AST
(30 U/L), BMI (+5 kg/m’), presence of comorbidities
[Charlson comorbidity index (CCI) 1] as independent
covariates. The cases were matched using a matching ratio
of 1:1. One patient could only be used once for matching.

Results

Patient selection, peri-operative characteristics, morbidity
and mortality

An overview of the patient selection is provided in Figure 1.
The final study cohort consisted of 96 patients. Both
groups (SG and RYGB) were comparable for baseline
patient characteristics as intended by the matching (7able I).
The mean age was 45.4x11.5 years in the SG and 49.7+
10.6 years in the RYGB group (P=0.123). Pre-operative
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BMI was 45.28.8 kg/m’ in the SG and 42.09.9 kg/m’ in
the RYGB group (P=0.286). Co-morbidities, as shown by
CCI, were also comparable with 1.8+1.2 for SG and 2.2+1.1
for RYGB (P=0.148). No death was observed during the
entire follow-up. No statistically relevant difference in the
short-term and long-term morbidity (classified according
to the Clavien-Dindo classification) was observed between
the groups during the follow-up period. No cases of gastric
leak nor post-operative bleeding were observed. Overall, 2
clinically relevant (Clavien-Dindo Grade >2) complications
were ocurred, namely a trocar site hernia in the RYGB
group and a reflux complication in the SG group. The latter
could be managed conservatively.

Weight loss was not dependent on surgical procedure

There was no significant difference in excess weight loss
(%EWL) between the SG and RYGB cohorts during
the whole follow-up period: at 1 year, % EWL was
61.3%+17.3% vs. 68.8%+18.5%, at 2 years, 72.9%=11.4%
vs. 74.2%+17.5% and at 3 years, 72.2%=+10.8% wvs.
73.5%+14.5% for SG vs. RYGB respectively. In addition,
there was no significant difference in % TWL between
the groups: at 1 year, % TWL was -28.5%+7.8% wvs.
-31.4%+7.4%, at 2 years, -26.8%=7.2% vs. -28.8%+8.3%
and at 3 years, -25.7%=7.4% vs. -27.0%=+7.0% for SG wvs.
RYGB respectively.

NAFLD resolved in all patients 2 years after SG

There was no significant difference in AST or ALT
levels pre-operatively between the two groups (Tables 1,2,
Figure 2). However, using the NFS score, patients in the
SG group had significantly higher scores than the RYGB
group pre-operatively (P=0.009). This tendency was also
observed using the HSI score: SG patients had significantly
higher score than the RYGB group (P=0.001). SG and
RYGB both significantly reduced ALT and AST levels
after 1, 2 and 3 years compared to the pre-operative values.
However, SG resulted in a larger reduction in ALT levels
after 1, 2 and 3 years compared to RYGB (after 1 year,
P=0.012; after 2 years, P=0.035; after 3 years, P=0.041).
This difference was not observed for AST. Furthermore,
SG resulted in a biochemical resolution of NAFLD in
92.1% of patients after 1 year compared to 71.1% after
RGYB (P=0.036). After 2 and 3 years, NAFLD resolved
in all patients after SG (100%) compared to 78.3% after
2 years (P=0.437) and 80% 3 years (P=0.474) following
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Table 1 Baseline characteristics of the 96 matched patients included in our study
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Variable SG (n=48) RYGB (n=48) P value (SG vs. RYGB)
Age at surgery, mean (SD) [range], years 45.4 (11.5) [19-68] 49.7 (10.6) [26-68] 0.123
Sex, women, n (%) 20 (47.6) 24 (50.0) 0.646
BMI, mean (SD), kg/m’ 45.2 (8.8) 42.0 (9.9) 0.286
Hypertension, n (%) 30 (62.5) 35 (72.9) 0.383
HbA1c", mean (SD), % 72(1.4) 9.6 (11.0) 0,084
ASA' score, n (%) 0.615
ASA 1/ASA 2/ASA 3/ASA 4 0 (0)/2 (4.2)/46 (95.8)/0 (0) 0 (0)/4 (8.3)/42 (87.5)/0 (0)
CCI®, mean (SD) 1.8(1.2) 22(1.1) 0.148
Fasting glucose, mean (SD), mg/dL 148.9 (62.8) 158.1 (59.3) 0.301
Insulin treatment, mean (SD), IE/d 8.0(17.7) 25.1 (53.8) 0.056
Metformin treatment, mean (SD), mg/d 1,254.2 (970.7) 961.0 (1,023.7) 0.190
Insulin resistance, mean (SD), HOMA-IR! 15.3 (14.1) 26.9 (41.4) 0.107
ALT', mean (SD), U/L 61.3 (23.2) 65.0 (41.5) 0.537
ASTH, mean (SD), U/L 43.4 (19.1) 39.5 (21.2) 0.133
HSI®, mean (SD) 66.7 (9.7) 58.7 (10.3) 0.001*
NFS ', mean (SD) 0.2 (1.3) -0.6 (1.4) 0.009*

T HbA1c: glycosylated hemoglobin; ¥, ASA: American Society of Anesthesiologists; ®, the CCI predicts the one-year mortality for a patient who may
have a range of comorbid conditions, such as heart disease, AIDS, or cancer (a total of 22 conditions). Each condition is assigned a score of 1,
2, 3, or 6, depending on the risk of dying associated with each one. Scores are summed to provide a total score to predict mortality; T, HOMA-IR:
Homeostasis Model Assessment for Insulin Resistance; ™, ALT: alanine transaminase; ¥, AST: aspartate aminotransferase; %, HSI: Hepatic Steatosis
Index; ™, NFS: NAFLD Fibrosis Score; Asterisk (*) indicates P<0.05 between SG and RYGB. SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric

bypass; SD, standard deviation; BMI, body mass index; CClI, Charlson comorbidity index; AIDS, acquired immunodeficiency syndrome.

RYGB. Similarly, both procedures led to a significant
reduction in the NFS over the follow-up period (Figure 2).
After the first year, the difference between both groups
remained significant with lower scores in the RYGB
group (P=0.007). From the second year onwards, this
difference was no longer significant with a trend to lower
scores in the SG group (P=0.419). Finally, from the third
year onwards, the NFS was significantly lower in the SG
group compared to the RYGB group (P=0.016). Of note,
there was no longer a difference in the NFS after 3 years
compared to the pre-operative value in the RYGB group
(P=0.132). Similarly, both procedures led to a significant
reduction in the HSI score from the second postoperative
year (Table 2 and Figure 2D). It is interesting to note that
this difference was no longer significant from the third
year onwards. From the second year onwards, it was no
longer possible to make any significant difference between
both groups in relation to HSI (P=0.179 and P=0.347
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respectively at 2 and 3 years). There were no significant
differences in platelet counts, serum albumin level and
international normalized ratio INR) between both groups
at any follow-up point.

Glycemic control and insulin resistance did not vary
according to bariatric surgical approach

The baseline values and changes in fasting glucose, glycated
hemoglobin HbAlc, medication use (insulin or metformin)
and insulin resistance are shown in Tables 1,2 and Figures 3,4.
Both procedures (SG and RGYB) significantly reduced
HbAlc after 1 year compared to pre-operative values
(P<0.001 for SG and P<0.001 for RYGB). This improvement
in HbAlc remained significant after 2 and 3 years in
both groups irrespective of which surgical procedure was
employed. Furthermore, the improved glycemic control
was reflected in a reduction in oral anti-hyperglycemics
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Table 2 Follow-up characteristics
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Variable SG (n=48) RYGB (n=48) P value P value (follow-up vs. preop.)
Follow-up at 1 year (n=96)
BMI, mean (SD), kg/m® 34.5 (6.3) 30.9 (5.3) 0.243 0.001%/<0.001*
%EWL, mean (SD), % 61.3 (17.3) 68.8 (18.5) 0.072 -
HbA1c", mean (SD), % 5.7 (1.1) 6.1(1.1) 0.097 <0.001%/<0.001"
Fasting glucose, mean (SD), mg/dL 112.8 (25.8) 115.2 (31.8) 0.952 0.020%/<0.001*
Insulin treatment, mean (SD), IE/d 1.3(5.2) 3.6 (20.1) 0.742 0.034%/<0.001*
Metformin treatment, mean (SD), mg/d 127.5 (453.5) 242.1 (588.5) 0.164 <0.001%/<0.001*
Insulin resistance, mean (SD), HOMA-IR* 3.8 (2.6) 5.2 (5.9) 0.455 <0.001%/<0.001*
ALT®, mean (SD), U/L 21.7 (10.4) 28.4 (12.6) 0.012* <0.001%/<0.001*
AST', mean (SD), U/L 21.3 (8.4) 23.1(7.7) 0.292 <0.001%/<0.001*
HSI®, mean (SD) 62.5 (8.8) 54.8 (9.1) 0.0004* 0.05/0.09
NFS'™", mean (SD) -1.225 (1.013) -1.956 (1.265) 0.007* <0.001%/<0.001*
Follow-up at 2 years (n=96)
BMI, mean (SD), kg/m® 32.3 (8.3) 28.8 (5.9) 0.337 0.046%/<0.001*
%EWL, mean (SD), % 72.9 (11.4) 74.2 (17.5) 0.807 -
HbA1c", mean (SD), % 6.1(0.9) 6.4 (1.6) 0.346 0.002%/0.001*
Fasting glucose, mean (SD), mg/dL 110.4 (21.2) 120.2 (31.2) 0.318 0.010%/0.005
Insulin treatment, mean (SD), IE/d 1.2 (3.0) 2.2 (5.3 0.637 0.293/0.015"
Metformin treatment, mean (SD), mg/d 188.9 (544.4) 200.0 (390.4) 0.266 <0.001%/0.009"
Insulin resistance, mean (SD), HOMA-IR 4.6 (3.4) 7.0 (7.9) 0.616 <0.001%/<0.001*
ALT®, mean (SD), U/L 21.6 (9.7) 30.6 (9.3) 0.035* <0.001%/<0.001"
AST", mean (SD), U/L 20.6 (7.1) 25.9 (7.5) 0.074 <0.001%/0.010"
HSI®®, mean (SD) 53.9 (4.6) 51.3 (4.8) 0.179 <0.001%/0.002"
NFS™, mean (SD) -1.866 (1.361) -1.523 (1.129) 0.419 <0.001%/0.019"
Follow-up at 3 years (n=96)
BMI, mean (SD), kg/m® 29.4 (7.5) 27.2 (5.0) 0.09 0.040°/0.019"
%EWL, mean (SD), % 72.2 (10.8) 73.5(14.5) 0.769 -
HbA1c", mean (SD), % 6.1(0.9) 6.1 (1.0) 0.949 0.0027/<0.001*
Fasting glucose, mean (SD), mg/dL 111.2 (30.9) 112.4 (28.5) 0.961 0.025%/<0.001*
Insulin treatment, mean (SD), IE/d 0.5(1.4) 0.8 (2.0) 0.758 0.324/0.006*
Metformin treatment, mean (SD), mg/d 47.6 (150.4) 96.2 (283.5) 0.751 <0.001%/<0.001*
Insulin resistance, mean (SD) HOMA-IR* 3.8 (2.6) 3.5(2.1) 0.814 0.009%/<0.001*
ALT®, mean (SD), U/L 21.0 (8.9) 34.4 (20.3) 0.041* <0.001*
AST', mean (SD), U/L 20.8 (6.4) 27.0(9.2) 0.127 <0.001%/0.024*
HSI®, mean (SD) 49.6 (4.3) 52.4 (7.8) 0.347 <0.001%/0.09
NFS'™", mean (SD) -2.126 (0.746) -1.259 (0.995) 0.016* <0.001%/0.132

T, HbA1c: glycosylated hemoglobin; ¥, HOMA-IR: Homeostasis Model Assessment for Insulin Resistance; §, ALT: alanine transaminase; 7,

1

AST: aspartate aminotransferase; %, HSI: Hepatic Steatosis Index; ™", NFS: NAFLD Fibrosis Score; Asterisk (*) indicates P<0.05 between
SG and RYGB. Hashtag () indicates P<0.05 between follow-up and preoperative value for a given procedure. SG, sleeve gastrectomy;

RYGB, Roux-en-Y gastric bypass; BMI, body mass index; SD, standard deviation; EWL, excess weight loss.

© HepatoBiliary Surgery and Nutrition. All rights reserved.

HepatoBiliary Surg Nutr 2022;11(6):795-807 | https://dx.doi.org/10.21037/hbsn-21-71



HepatoBiliary Surgery and Nutrition, Vol 11, No 6 December 2022

A ALT
1501
100 L
o
- *# *# *#
507 : .
L T S L SR
R AND Y oY K A Y o
EF PP L L P
F e e P
Q\
C NAFLD Fibrosis Score
5_
# # *
. # # *w
2 ode S 8 i L S
4
3
K A Y oY R AN qd o3
ECF P F L L P
X T & &L

801
AST
1004 o K
# # #
— # # #
5 50_ o .
0 T T T T T T T T
Q A Y Y QAN
PR A A
RCARCLE\
P& e
Q\
Hepatic Steatosis Index
# * * # #
80 E
60 o
%)
T N
: i
404 7
36
30
20 T TA‘ |\\ I\\ T s TA‘ |\\
R R
CEEEE e S
A0 &7 O S
F e & 4
Q»

Figure 2 Changes in liver function tests. Changes in ALT (A), AST (B), NFS (C) and HSI (D) after laparoscopic SG and laparoscopic
RYGB after 1, 2, and 3 years. Asterisk (*) indicates P<0.05 between SG and RYGB. Hashtag (*) indicates P<0.05 between follow-up and

preoperative value for a given procedure. ALT, alanine transaminase; AST, aspartate transaminase; NFS, NAFLD Fibrosis Score; HSI,

Hepatic Steatosis Index; SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass.

(metformin), which persisted throughout the follow-
up period. There was no significant difference in insulin
use between both study groups at any time in the follow-
up. However, after 2 and 3 years, RYGB was associated
with a significant reduction in insulin use compared to the
preoperative period (Figure 4). Seventy-nine percent, 75%
and 73% of patients were off insulin or metformin after 1,
2 and 3 years after SG, respectively, whereas 89%, 85% and
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83% of patients were off insulin or metformin after 1, 2 and
3 years after RYGB, respectively. In addition to metformin
and insulin, two patients in the SG group were treated
preoperatively with Sitagliptin and another patient in the
SG group received treatment with Dapagliflozin. These
treatments could be discontinued after the operation.
Insulin resistance improved significantly in both
groups in comparison to the pre-operative value and this
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HbAlc, glycated haemoglobin; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.

improvement was maintained significantly throughout
the 3 years of follow-up (Figure 4). For SG, HOMA-IR
improved significantly at 1 year (P<0.001), 2 years (P<0.001)
and 3 years (P=0.009). For RYGB, this index improved
significantly at 1 year (P<0.001), 2 years (P=0.0002) and
3 years (P<0.001). According to the 2009 American
Diabetes Association (ADA) consensus definition, complete
T2DM remission was achieved in 43.8% of patients after
1 year, 39.2% of patients after 2 years and 40.5% of patients
after 3 years. There was no significant difference between the
two procedures throughout the 3 years of follow-up (after
1 year P=0.149; after 2 years P=0.153; after 3 years P=0.100).

Discussion

Patients with NAFLD and DM are at increased risk of
progressing from steato-hepatitis to irreversible fibrosis
and ultimately hepatocellular cancer. Whilst weight loss
surgery may be halt this progression, there is currently
a lack of evidence regarding which specific bariatric
surgical approach may be best suited to particular patient
populations in terms of ameliorating metabolic dysfunction.

Liver biopsy is the gold standard for the diagnosis and
follow-up of obesity related liver disease (e.g., NASH).
To the best of our knowledge only 3 studies have used
liver biopsies to follow-up the effects of SG and RYGB
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on NAFLD (14,17,26). These studies, together with the
recent meta-analysis by Panunzi et /. (27), were unable
to demonstrate superiorty of any particular surgical
technique on retarding the progression of NAFLD. Given
that histological confirmation of NAFLD is not without
risks, including severe haemorrhage, there has been a
move towards non-invasive methods for assessment of
liver steatosis and fibrosis (e.g., ALT/AST level, NAFLD
Fibrosis Score, Bard Score, elastography, MRI) (1,28).
Non-invasive imaging, for example MRI, has become the
gold standard stage in the follow-up of NAFLD. Moreover,
the majority of biopsy techniques (e.g., wedge resection)
also sample subcapsular hepatic parenchyma and are prone
to histological misinterpretation due to the presence of
normal subcapsular fibrosis. Therefore, the combination of
clinical scores and plasma biomarkers for the detection of
NAFLD, NASH or advanced fibrosis may provide a reliable
alternative to minimize the need for liver biopsies (29).

It is important to point out the evidence-base to date
is conflicting (30,31). Billeter er /. reported that SG was
superior to RYGB in terms of its reduction in markers
of liver function in patients with combined NAFLD and
T2DM, whereas both procedures had comparable effects
on improving glycemic control in patients with T2DM (15).
The beneficial effects of SG in patients with histologically
proven NASH were confirmed in a randomized trial, at least
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in terms of normalization of liver enzymes (16). A recent
meta-analysis showed a strong but non-significant benefit of
SG over RYGB in terms of reduction in transaminases (30).
Moreover, 12 months after SG, 100% of patients
experienced resolution or improvement in NAFLD/
NASH as well as fibrosis, with just 16% of patients showing
steatosis at that time (in comparison to preoperative where
all patients showed steatosis) (32). In contrast, RYGB may

© HepatoBiliary Surgery and Nutrition. All rights reserved.

actually lead to decompensation of liver cirrhosis in up to 4%
of cases (33). Liver failure after bariatric surgery may be due
to the increased degree of malabsorption (i.e., malnutrition)
attributed to procedures like RYGB, when compared
to SG (34). Another randomized trial (17) suggested a
negative impact of RYGB on markers of hepatic synthetic
function (INR, albumin). The exact mechanisms by which
RYGB may lead to decompensation is not fully elucidated;
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however, malabsorption or bacterial overgrowth might play
key pathophysiological roles (35,36).

In order to provide more robust evidence of NAFLD
improvement after metabolic surgery we used the NFS
and HSI in combination to ALT/AST levels (22). Pre-
operatively, the HSI score (evaluating liver steatosis) was
significantly worse in the SG group, but the improvement
was more pronounced when compared to that in the RYGB
cohort after 2 and 3 years. This could also be observed when
investigating the NFS score (particularly suited to evaluate
liver fibrosis). This suggests that patients in the SG group
were at a higher risk of steatosis and fibrosis pre-operatively,
which seemed to be more amenable to treatment with SG
than RYGB. These findings are highly clinically relevant
given that liver fibrosis itself is the strongest predictor for
advanced liver disease (37). However, it should be noted that
even after post-operative improvement in the HSI scores
for both procedures, they remain above the threshold value
for steatosis. Thus, these results should be corroborated
using investigations such as MRI or sonography.

Although weight loss by itself can lead to an improvement
or resolution in NAFLD (12), impacting several critical
signalling pathways and metabolic pathways (38),
mechanisms independent of weight loss have also been
postulated. Post-operative changes in bile acid enterohepatic
circulation (greater apical sodium bile salt transporter-
stained area, increased villi length, total surface area), as
well as intestinal hormone (Ghrelin-O-acyltransferase)
and growth factor secretion (38,39) have been shown to
play a significant role. Recently, an additional microbiota-
mediated mechanism was proposed to have a procedure-
specific impact on NAFLD, through post-operative
selection of specific microbial species, its impact on bile acid
ratio and signalling pathway activation (38,40,41).

In addition to efficacy, safety also plays a fundamental
role when deciding which surgical procedure to employ.
While bypass-procedures may be associated with a higher
risk of liver decompensation in patients with severe liver
damage, liver failure was not observed following SG (42).
Indeed, several studies instead indicate that mechanisms
independent of NAFLD (e.g., perturbation in gut
permeability or microbiota changes) may negatively affect
liver function following RYGB (43). Therefore, it is at least
conceivable that SG may be safer for patients with extensive
pre-operative liver disease.

With regards to T2DM, investigations have shown
that the effect of bariatric procedures on the correction of
diabetes is in part directly related to weight loss (44). Lean
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et al. (44) were able to show that an integrated structured
weight-management programme sustained remissions at
24 months for more than a third of people with type 2
diabetes. Although weight loss is considered the dominant
cause, actual results support the involvement of weight-
independent mechanisms.

Our results are consistent with the published literature,
confirming that SG and RYGB achieve comparable
improvements of glycemic control (15,45). Although recent
meta-analyses report short-term results (at 1 year) in favour
of RYGB (46), both procedures had similar effects on
insulin resistance, as determined by the HOMA-IR, over the
3 years of follow-up (47). In a long-term study in an Asian
study population, authors showed that SG was associated
with a more marked improvement in T2DM than
RYGB (48). This result was also confirmed in a recent
network meta-analysis, which compared single anastomosis
gastric bypass, RYGB and SG (49). While it is undisputable
that metabolic surgery, in general, has strong effects on
T2DM-associated complications (9,15-17), there are currently
no prospective long-term studies which have compared the
effects of SG vs. RYGB on T2DM-related complications,
nor series showing any significant difference in terms of
cardiovascular or microvascular endpoints or mortality. Thus,
the clinical relevance of the greater improvements in glycemic
control attributed to RYGB remains to be determined (50).
Moreover, the differences found when comparing SG to
RYGB only focussed on patients with T2DM as the only
comorbidity (6). Bearing in mind that SG may be safer in
patients with advanced liver disease, our series provides
evidence that SG may be preferable to RYGB for T2DM
control in obese patients with both T2DM and NAFLD.

The main limitation of the present study is its
retrospective design. This may have resulted in an element
of selection bias given that the surgeons and patients chose
the type of operation and it was not selected randomly.
In order to compensate for this bias, both cohorts were
matched. However, it is important to recognise that the
matching process used in our series is no replacement for
a prospective randomized study design. A consequence
of matching was that pre-operative liver enzyme levels
(AST), HSI score and NFS were worse in the SG group
compared to RYGB group. Nevertheless, SG patients
achieved significantly better results than RYGB patients
for these variables after 2 and 3 years. The claimed greater
effect on liver function tests and Steatosis/Fibrosis score is
likely to be an effect of tendency to the mean—the baseline
values being modestly greater in the SG group and the final
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values similar. The importance of our clinical observations
lies in the considerable and clinical important changes
brought about by both surgical procedures. Thus, it is not
unreasonable to point out the slightly greater fall in the
SG group as this runs counter to what many authorities
working in this field might expect.

Sampling errors can significantly affect the precision
and interpretation of results. Our sample size is small and
may lead to bias. However, we performed a post-hoc power
calculation to verify that the number of patients included
in our series allowed us to observe significant effects with
sufficient power. Given that the study design was based on
two independent study groups (SG vs. RYGB), and taking
account of the anticipated means of ALT and AST (25) (type
I/TI error rate: alpha =0.05 and beta =0.2, power of 80%) a
minimum sample size (Rosner’s method) of n=13 patients
for each group (total study group =26) was necessary.

Lack of histological follow-up (discussed above) is
another limitation of our study. The current consensus
in the literature for relatively low risk pathology (such as
NAFLD) is that such a histopathologic follow-up is not
justified (34) and most prospective series do not use liver
biopsies for monitoring NAFLD.

Conclusions

In conclusion, despite its inherent limitations, our study
suggests that SG may offer advantages in the treatment of
obese patients with combined NAFLD and T2DM when
compared with RYGB. SG achieved a more pronounced
reduction in liver enzymes and markers of steatosis and fibrosis
while there was no difference between SG and RYGB in terms
of glycemic control. Given that both procedures had similar
effects regarding weight loss and complications rates, SG
may be more suited to obese patients with both NAFLD and
T2DM, especially those with severe metabolic dysfunction
and advanced liver disease. Whilst this needs to be confirmed
in prospective studies, taking patient co-morbidities and
procedure-specific metabolic effects of bariatric surgery into
consideration may help optimise surgery selection criteria to
improve patient outcomes and safety.
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