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Abstract

Background: Numerous studies have shown that Roux-en-Y gabypmass (RYGB) and
sleeve gastrectomy (SG) differently affect metabdlsorders associated with obesity. While
bariatric surgery has been shown to improve nookallic fatty liver disease, very few
studies have compared liver parameters after boitedures.

Objectives. To compare the evolution of liver parameters ag& and RYGB and their
relationships with improvement of metabolic disosde

Methods: Metabolic parameters and abdominal ultra-sondgrdpS) were recorded before
and 1 year after bariatric surgery, in all patiemt® underwent SG or RYGB between 2004

and 2016 in our institution.
Setting: University Hospital, Colombes, France.

Results: 533 subjects (15% men, 4311 yr) were analyzeidting 326 RYGB and 207

SG. Before surgery, body mass index (44.7+5.7 421/ .4 kg/m?2) and metabolic parameters
were not significantly different. One year aftergary, RYGB induced greater weight loss
(31.9+7.7 vs 28.6+8.3 %, p<0.001). Metabolic parmrseeimproved in both groups, but
fasting insulin, LDL-cholesterol, C-reactive prateind ferritin were lower after RYGB
(p<0.001). In contrast, transaminases were higher RYGB as compared to SG (31.6+18.7
vs. 22.6+7.7 IU/I for alanine aminotransferase (ALF<0.001). The persistence of ALT > 34
U/l (27% vs. 7% of subjects, p<0.001) was indepamaf the persistence of US steatosis

(39% vs. 37% of subjects) one year after RYGB a@dr8spectively.

Conclusion: Despite a greater improvement of metabolic disadely GB has less beneficial
effects on liver parameters as compared to SGhéudtudies are required to define the

mechanisms explaining these differences betwedngrotedures.
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I ntroduction

Bariatric surgery is currently the more efficieethnique to treat severe obesity. The two
surgical procedures most commonly performed invtbdd are sleeve gastrectomy (SG) and
Roux-en-Y gastric bypass (RYGB), because they iadamission or amelioration of obesity-
related comorbidities in a majority of cases withagceptable rate of complications. Notably,
numerous studies have shown that these procedupesve non-alcoholic fatty liver diseases
(NAFLD) whose prevalence is particularly high inegke patients and thus in candidates for
bariatric surgery, reaching 86% on per-operativerlbiopsies®:

It is generally admitted that RYGB is more effidiethan SG on improving metabolic
disorders associated with obesity, because of p@sechanisms beside weight loss related
to proximal gut exclusioff’. This was notably shown for glucose disturbanbasa specific
effect of RYGB on cholesterol level or hypertensioas also found in several studiés
Thus, a better effect on NAFLD is expected afterGBrthan after SG. However, some cases

of severe liver alterations have been reported &WGB associated with malnutritidfi.

Very few studies have compared the effects of RY& SG on liver parameters (using
blood tests, imaging or liver biopsies), some sinové better improvement after $G’, one

showing a better improvement after RYEB while others®? being not conclusive on the
superiority of one of these procedures on NAFLDlewon after surgery. Moreover, all were
short term studies from 6 to 18 months after syrgémally, it was not tested whether the
evolution of liver tests after both procedures waty related to the evolution of metabolic
parameters or whether other mechanisms of liveralbns could be implicated, including

alterations of nutritional parameters.

The aim of our study was thus to compare the emwudf liver parameters after SG and

RYGB and their relationships with improvement oftatmlic disorders.
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Subjects and methods

Patients and surgical procedures

This study is a retrospective analysis of our peetipe database of patients who underwent
bariatric surgery since 2004. All subjects who unamat either SG or RYGB between 2004
and 2016 with available metabolic explorations Hmfore and 1 year (£ 3 months) after
surgery were included he dataavailable more than 3 years after surgery wereraisorded

in a subgroup of patientEhe exclusion criteria for this study were pregnaatthe time of
the visits, alcohol abuse or know liver diseaserajin other than NAFLD. Bariatric surgery
was performed in accordance with the recommendatbimternational committees and
consensus conferencel. All procedures were performed laparoscopicaliypeeviously
described*® with a 150 cm alimentary limb and a 60 cm biliopatic limb for RYGB.
Intraoperative liver biopsies were systematicalgnped from 2013 and scored according to
the classification of Bedos§4). Pre- and postoperative multidisciplinary managenireour
institution were previously described elsewH&te All investigations were performed with a
medical care goal. Informed consent was obtainedl ipatients before surgery and the data

collection was approved by our institution and lteal ethic committee.
Clinical and biological assessments

All patients underwent a routine examination, adamhinal ultra-sonography (US) and
systematic fasting biological analyses in a daypltakzation, before and one year after
surgery and then every 3 years in average aftgesyrClinical, biological parameters and

US liver abnormalities were prospectively assessepreviously describétf.

Satistical analysis
Statistical analyses were performed with Sigma&tasoftware. Quantitative parameters

were compared in univariate analysis using unp&itedent's t-test or non-parametric tests
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when the distribution was not normal. Qualitatiaegmeters were compared using the
Pearson’s Chi square test or the fisher exactwdmsn appropriate. Patients with missing
data were excluded only from the analyses of thesimg parameter. Correlations between the
deltas of pre- and postoperative parameters (\&ftee surgery minus value before surgery)
were analyzed by Spearman correlation. Decreas@aihal aminotransferase (ALT) was
arbitrary defined by a delta > 5IU/L whereas insethALT was defined by a delta > 51U/L,

in order to exclude unspecific changes, taking adcount the intra-assay and inter-assay
variations that are respectively below 2 and 5 Ibdised on the indications of the
manufacturer (Dimensidah Siemens HealthineershLT was considered abnormal if > 34

IU/L for women and >45 IU/L for mef?. Results are expressed as me&D or percent

when indicated.

Results

Clinical characteristics

Among the 554 subjects evaluated before and one a&er surgery, 21 were excluded
because of pregnancy at the moment of exploratidose had known liver disease other than
NAFLD and none had alcohol abuse. Only 6 subjesp®nted to drink alcohol on a regular
but mild basis before surgery and only 9 after f2raSG and 7 after RYGB) and their
transaminases were not higher in average thaneinvtiole cohort. Thus, 533 subjects were
analyzed, including 326 RYGB and 207 SG. Abdomid& was missing in 79 subjects
before surgery (15%) and 49 subjects after sur¢fdy). Intraoperative liver biopsies were
available in 150 RYGB and 80 SG and the percentdgeibjects with histologic NASH did
not differ between groups (27 vs 24%, respectively)

The characteristics of the subjects are indicatedable 1. Baseline characteristics were

similar in RYGB and SG groups. One year after syrgeercent weight loss was significantly
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higher after RYGB than after SG,with a trend tovgalolwer absolute postoperative weight
that did not reach significance. The decreaseslioric and protein intakes were similar, but
the subjects ate less lipids after RYGB than @@t The number of subjects with treatment
for obstructive sleep apnea syndrome or diabeteedsed in the same proportion after both
procedures. In contrast, the decrease in the nuwibsubjects treated for hypertension or
lipids disorders was only significant after RYGB.

Evolution of biological and US parameters

Metabolic parameters were similar before surgexy iarproved in both groups after surgery
(Table 2). However, the decrease in fasting insahid cholesterol was greater after RYGB
than after SG, as for the inflammation marker G:iga protein. Despite improvement of
metabolic parameters, liver tests including all@liphosphatases and transaminases,
decreased less after RYGB than after SG. In can@snma-GT and ferritin, whose increase
is usually associated with metabolic liver diseagere similar or even lower after RYGB
(Table 2). In the same line, the number of subjeatis persistent US steatosis did not differ
(Figure 1A). The liver test alterations after RY@re not explained by gallbladder disease,
the number of subjects with cholelithiasis or whawerwent cholecystectomy being similar
after both procedures (figure 1A). It cannot beleded that the lower ferritin level after
RYGB was explained by iron malabsorption. Howegerum iron concentration increased in
the same manner in both groups (Table 1). Agaghédri alkaline phosphatases levels after
RYGB could be explained by a difference in boneomgson, but parathyroid hormone did
not differ one year after both procedures (43.510%s. 42.2 £ 25.6 pg/ml after RYGB and
SG respectively).

Long-term data

At 3 years or more after surgery (Supplementaktdd) the subjects that underwent SG were

significantly heavier than those who underwent RY&RI all metabolic parameters were
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better improved after RYGB, except for transamisaaed alkaline phosphatases that were
still higher after RYGB. Again, ferritin and gamr@a were lower and the number of patients
with US liver abnormalities was not significantliffdrent after RYGB and SG (Supplemental
table 1).

Characteristics of the subjects according to the evolution of transaminases after RYGB

The percentage of subjects with abnormal ALT wgaiBicantly higher one year after RYGB
than after SG (Figure 1B). Furthermore, not fanfra third of subjects increased their ALT
one year after RYGB as compared to less than 586 &6 (Figure 1B). However, even after
exclusion of subjects with increased ALT, transaanes were still higher after RYGB (19.8 £
5.3 vs 17.1 £ 5.6 IU/l for AST and 26.2 + 8.3 vs22 7.5 U/l for ALT, p< 0.001). The
subjects with increased ALT after RYGB were oldert bid not differ from those with
decreased ALT in term of preoperative BMI, weigbgd, and caloric intake. However, they
had better liver tests before surgery, less UStadesa less histologic abnormalities on liver
biopsies and less metabolic disorders (Supplemdiatale 2). In the whole cohort of RYGB,
the decrease in ALT after surgery was positivelyralated to weight loss and to
improvement of other markers of liver metabolicedise and of insulin resistance (Table 3),
whereas in those with increase in ALT, the delté&AbT was inversely correlated to the delta

of fasting insulin, total cholesterol, transferand albumin.

Discussion

The impact of bariatric surgery on NAFLD has begteesively studied, and in our study,
NAFLD assessed by blood liver tests and liver Ugromed after both procedures in parallel
with the improvement of metabolic disorders, aseetpd " ¥ Beside weight loss and
decrease in insulin resistance, some mechanismiNAFLD improvement have been

proposed, including modifications in incretins ede, adipokines secretion, bile acid



155

160

165

170

175

metabolism and microbiota, notably for surgical gaeures with intestinal derivatioh”.
Thus, it can be expected that RYGB should be mifieient on NAFLD remission than
restrictive procedures. In this line, a study witker biopsies performed in a large cohort of
1236 obese patients, has shown that NAFLD imprivetter 5 years after RYGB than after
gastric banding®. Unfortunately, no study with such a level of grds available for
comparison with SG. The 2 studies that have condpidwe improvement of NAFLD assessed
by liver biopsies after RYGB and SG, were inconieleson the superiority of one of these
procedures, but they included no more than 30 stsjend the follow-up duration was 6
months ©® 1% One study® reported a better improvement of liver stiffnessessed by
elastography one year after RYGB but another stusipng MRI @V did not find any
difference between RYGB and SG, 6 months afteresyrgrhese results are in accordance
with our study showing that remission of US steiatdgl not differ between both procedures.
However, two previous studies based on blood lamzymes, one in a small cohort of 34
diabetic subjectS’ and one in a large registry coh§tt showed a better improvement of liver
enzymes, including transaminases and alkaline ftadapes but not gamma-GT, one year
after SG as compared to RYGB, as in our study. &@hesults are unlikely to be explained by
a more severe NAFLD before surgery in candidatesRi6GB, because the 2 groups were
comparable for metabolic disorders, BMI, liver kdotests, US steatosis and histologic
finding at baseline in our study. Furthermore, thiféerence in liver enzymes persists at 3
years or more, despite weight regain and more rdarketabolic alterations after SG. Finally,
in the RYGB group, some subjects increased theif ,Ads reported by Spivak et @ and
this increase was not explained by greater ing@léistance and was unrelated to other
markers of NAFLD, including US steatosis, gamma-#sil ferritin. Altogether, these results
do not support the hypothesis previously sugge$tedhat RYGB induces a poorer

improvement of NAFLD than SG, but instead argueni@chanisms independent of NAFLD
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underlying the increase in transaminases after RYGi#s effect was unmasked in subjects
with baseline normal transaminases but was alssepten subjects with NAFLD since after
exclusion of subjects with increased ALT, transaanes were still less decreased after RYGB
than after SG.

Malnutrition could be an underlying mechanism. kedlesome cases of liver failure have
been described in a context of malnutrition aft¥GB but these extreme cases are faré.
However, more subtle malnutrition could be involvaad, in this line, it was shown that
omega-loop gastric bypass, with a longer bypassgexgbéncreatic limb and therefore greater
malabsorption, induces a larger increase in livelymes than RYGE" 2” Unfortunately, the
authors did not study the link between transammased markers of malnutritiomn our
study, we observed that the increase in ALT aftfGB was inversely correlated to
cholesterol, albumin and transferrin, could arguethiis hypothesis. However, no correlations

were found with minerals and vitamins usually assdsfter surgerly® (data not shown).

On the other hand, the lower concentrations of edtelol, albumin and transferrin, all
synthetized by the liver, could also reflect altiemas of liver functions independently of
nutritional status in subjects with the higher saminases after RYGB. In this line, a
previous study has shown that patients with nookaltic steatohepatitis undergoing RYGB
are more susceptible than those undergoing SG gy #ansient deterioration of liver
functions with increase in International NormalizRdtio (INR) and decrease in albumin
concentration”. Thus, we cannot exclude that other mechanismsdcimfluence liver

functions after RYGB, for example related to change bile acids metabolism or

perturbations in gut permeability and gut-liversaxiduced by gut derivation.

The main limitations of our study are: 1) the nandomized design that could induce bias,
but the baseline characteristics of candidatesRf6GB and SG were very similar and the

collection of liver parameters was performed by im&dstaff unaware of the study; 2) the

10
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retrospective nature of the analysis of our prospedatabase; 3) the absence of histological
data for some subjects before surgery which didafiotv us to match the patients based on
histologic degree of liver involvement at baselibat ALT levels were significantly lower
after SG than after RYGB both in subjects with athaut NASH (data not shown) and above
all 4) the lack of liver biopsies after surgerye timorphological characteristics being

evaluated only by ultrasound after surgery.

Conclusion

RYGB has less beneficial effects on liver enzymescampared to SG, independently of
improvement of metabolic disorders and of NAFLDttbm the short and long terms. These
alterations could be linked to subtle malnutritiut other mechanisms need to be explored.
Randomization trials should be conducted to contliendifferential effects of SG and RYGB
on liver parameters and should be continued irldhg-term to determine the consequences
of increased liver enzymes after RYGB. If thesaulltssare confirmed by other studies, this
could have an impact on the choice of surgical @dace, suggesting that SG is the preferred

operation in subjects at risk of developing livaitdre.

Acknowledgments:. the authors thank Pierre Bedossa for the histoéginalyses
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Figure 1. Evolution of liver parameters 1 year after sleeve gastrectomy (SG) and Roux-en-Y
gastric bypass (RYGB). A. Liver US parameters. percent of subjects with liver (left) or gallblaad
(right) abnormalitiesB. Alanine aminotransferase (ALT) concentrations. percent of subjects (left)
with abnormal ALT (> 34 IU/L for women and > 45 fonen). Percent of subjects (right) with
decreased ALT (postoperative minus preoperativeeval -5 IU/L), stable ALT or increased ALT
(postoperative minus preoperative value > 5 IUfEp < 0.01, **p < 0.001 vs baseline, **p < 0.01,

***p < 0.001 vs sleeve gastrectony.
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Table 1. Clinical characteristics of the subjects éfore and one year after surgery

Sleeve Gastrectomy Roux-en-Y Gastric Bypass
Before After Before After
N 207 207 326 326
Male gender (n (%)) 31 (15) - 50 (15) -
Age (years) 43 +11 - 43 +11 -
Time from surgery ) 12 +1 i 12+1
(months)
Weight (kg) 120.3+22.7 87.7 £ 20°8% 122.9+21.1 84.7 + 1657
BMI (kg/m?) 44.4 +7.4 32.2+ 68" 44.7 +5.7 31.2 +9.6*
Weight loss (%) - 28.6 £8.3 - 31.9 £ 7.7 ***
EWL (%) - 72.7 £29.8 - 79.3+44.9
EBMIL (%) - 68.6 + 25.6 - 71.2 +50.4
Systolic BP (mmHg) 132.6 +13.9 122.2 + 1%4 132.9 +14.0 120.6 + 1257*
Diastolic BP (mmHg) 71.5+105 67.6 + 96 72.0+10.6 66.2 + 106°
Treatment for (n (%))
Sleep apnea 45 (22) 17 8 80 (25) 20 (6§**
Diabetes 37 (18) 16 (85 61 (19) 17 (5§
Hypertension 32(32) 29 (29) 72 (32) 51 (23)
Lipid disorders 15 (15) 10 (10) 33 (15) 9
Food intake (Kcal/24h) 1696 + 399 1163 + 351 1770 + 444 1223 + 40%*
Carbohydrates (%) 46 +7 46 +8 45+ 6 47 +5 3
Lipids (%) 34+6 36+7 35+6 34 + 6%
Proteins (%) 20+ 4 18 +%f 20+ 4 19+ 4

fp< 0.05 ¥p< 0.01, £££ p < 0.001 vs baseline, *p < 0.05, ***p < 0.001 vs after sleeve gastrectomy
BP: blood pressure, EWL: excess weight loss, EBMIL : excess BMI lost



Table 2. Biological parameters of the subjects beffe and one year after surgery

Sleeve Gastrectomy

Roux-en-Y Gastric Bypass

Before After Before After
N 207 207 326 326
FBG (mmol/l) 6.1+2.0 5.0 + 0.8° 6.1+1.6 4.9 +0.8°
Fasting insulin (mIU/I) 20.9+134 9.2 +8%8b 21.1+13.0 7.2 + 5B
HOMA-IR 6.34+5.3 212+ 1.9 6.0+ 4.4 1.7 + 1455
HbA1lc (%) 59+1.1 5.4 + 05 6.1+1.0 5.4 + 0.6
Triglycerides (mmol/l) 1.4+0.8 0.9 + 05 1.4+0.8 0.9 + 0.5*
Total-CT (mmol/l) 52+1.0 53+1.1 52+1.0 4.4 + 0.8Fbrx
HDL-CT (mmol/l) 1.3+0.3 1.6 + 0.%° 1.2+0.3 1.5 + 0.3
LDL-CT (mmol/l) 3.2+10.9 33+1.0 3.3+1.0 2.5 + 0. 755xx
Uric acid (pmol/l) 307+ 75 260 + 67° 309+ 71 241 + 635
ALKP (1U/) 81.2 +23.7 72.9+19.8* 82.5+21.8 88.2 + 25 Fhwrx
Gamma-GT (1U/l) 42.8 +26.5 25.9 + 146 46.8 +42.0 23.7+17%*
AST (1U/1) 23.2+10.2 17.3 +58* 24.5+13.1 22.2 + 8.45x*
ALT (1U/1) 35.8+18.6 22.6 £+ 7.7 37.9+23.2 31.6 + 18.F
Total Bilirubine (1U/) 8.8+3.1 11.0 £ 5.6° 8.9+3.0 10.4 + 4.8F
Ferritin (ug/l) 123.1 + 108.7 117.6 + 109.4 109.808.0  83.4 + 82.6" 5+
Serum iron (umol/l) 13.5+5.2 15.5 + 5% 13.7+4.7 14.8 + 4.
CRP (mg/l) 9.1+6.1 3.9+ 3% 95+6.8 2.6 + 2.5 v
Prothrombin time (%) 104 + 14 99+ 43 105 + 14 100 + 158

FBG = fasting blood glucose, HOMA-IR = homeostasis model assessment index of insulin resistance, HbAlc
= glycated hemoglobin, CT = cholesterol, ALKP = alkaline phosphatase, GT = glutamyl transferase, AST =
aspartate aminotransferase, AST = alanine aminotransferase. CRP = C-reactive protein. #p < 0.01, #p <
0.001 vsbasdline, **p < 0.01, ***p < 0.001 vs after sleeve gastrectomy.






Table 3. Relationships between delta of alanine aminotransferase and delta of other parameters
after Roux-en-Y gastric bypass

Whole Cohort Subj ects with decreased Subjects with increased
(N = 326) ALT (N = 141) ALT (N = 90)
conraaions R P R P R P
% Weight loss 0.115 0.0394 - - - -
Ferritin 0.167 0.0026 0.196 0.0202 - -
Gamma-GT 0.480 <0.0001 0.427 <0.0001 - -
ALKP 0.167 0.0136 - -
HOMA-IR 0.197 0.0005 - - - -
Fasting insulin 0.180 0.0013 - - -0.210 0.0491
Total-Cholesterol - - - - -0.220 0.0383
Albumin - - - - -0.218 0.0415
Transferrin - - - - -0.270 0.0148

Delta are defined by the postoperative value minus the preoperative value. Decreased and increased
alanine aminotransferase (ALT) were defined by a delta < -5 1U/L and > 5 IU/L respectively.





