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NON-ALCOHOLIC STEATOHEPATITIS: ASSOCIATION
WITH OBESITY AND INSULIN RESISTANCE, AND
INFLUENCE OF WEIGHT LOSS

F.H. LUYCKX (1), P.J. LEFEBVRE (2), A.J. SCHEEN (2)

SUMMARY - Non-alcoholic steatohepatitis (NASH) is a disease of
emerging identity and importance, and is now considered as one of the
commonest liver diseases in western countries. It is frequently associ-
ated with severe obesity, especially abdominal adiposity, and is inti-
mately related to various clinical and biological markers of the insulin
resistance syndrome. Especially, both the prevalence and the severity of
liver steatosis are related to male sex, body mass index, waist circumfer-
ence, hyperinsulinaemia, hypertriglyceridaemia and impaired glucose
tolerance or type 2 diabetes. A substantial weight loss following gastro-
plasty is accompanied by a marked reduction in the prevalence and the
severity of the various biological abnormalities of the metabolic syn-
drome and, concomitantly, by an important regression of liver steatosis in
most obese patients. However, in some patients, this rapid and drastic
weight loss may result in a mild increase in inflammatory lesions (hepati-
tis), despite the regression of steatosis, which might result from the rapid
mobilization of fatty acids or cytokines from adipose tissue, especially
visceral fat. The intimate relationship between NASH and obesity leads
to the concept that NASH may be considered as another disease of afflu-
ence, as is the insulin resistance syndrome and perhaps being part of it.

Key-words: dyslipidaemia, gastroplasty, insulin resistance, liver,
NASH, obesity, type 2 diabetes.

RESUME - Stéatohépatite non alcoolique: association avec I'obé-
sité, I'insulinorésistance et influence de la perte de poids.

La stéatohépatite non alcoolique (NASH) est une maladie dont I'identité
et I'importance ont été mises en exergue récemment. Elle est actuelle-
ment considérée comme une des hépatopathies les plus fréquentes dans
les pays occidentaux. Elle est souvent associée a I'obésité sévére, parti-
culierement a I'adiposité abdominale, et est intimement liée a divers mar-
queurs cliniques et biologiques du syndrome d’insulinorésistance. Ainsi,
tant la prévalence que la sévérité de la stéatose sont corrélées au sexe
masculin, a I'indice de masse corporelle, & la circonférence de la taille, &
I'hyperinsulinémie, a I'hypertriglycéridémie et a une diminution de la to-
lérance au glucose ou un diabéte de type 2. Une perte pondérale impor-
tante, comme celle observée aprés une gastroplastie, est associée a une
réduction significative de la prévalence et de la sévérité des diverses
anomalies biologiques du syndrome métabolique et, concomitamment, &
une importante régression de la stéatose chez la plupart des sujets obe-
ses. Cependant, chez certains patients, cet amaigrissement drastique et
rapide peut engendrer une légére augmentation des Iésions inflammatoi-
res (hépatite), malgré la régression de la stéatose, qui pourrait s’expli-
quer par la mobilisation massive des acides gras et des cytokines a partir
du tissu adipeux, notamment de la graisse viscérale. La relation intime
entre la NASH et I'obésité a conduit au concept que la NASH serait une
autre « maladie de I'abondance », tout comme le syndrome d'insulinoré-
sistance dont elle pourrait faire partie intégrante.

Mots-clés : dyslipidémie, gastroplastie, insulinoresistance, foie, stéa-
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he term *“non-alcoholic steatohepatitis”
(NASH) was coined in 1980 to describe
“the pathological and clinical features of
non-alcoholic disease of the liver associ-

liver [15]. Steatosis may theoretically result from at
least one of four processes: 1) increased FFA delivery
to the liver; 2) increased FFA synthesis within the
liver; 3) insufficient beta-oxidation of FFA; and 4)
ated with the pathological features most insufficient very low density lipoprotein synthesis or
commonly seen in alcoholic liver disease itself’ [1]. secretion [2]. Any defect of this multistep process
Analysis of liver biopsy specimens is the cornerstone results in accumulation of triglycerides within the
of diagnosis: hepatic morphological findings range hepatocyte, which presents clinically as fatty infiltra-
from mild fatty degeneration and inflammation to cell tion of the liver. Whether the accumulation of triglyc-
degeneration, fibrosis, and cirrhosis with or without eride in the liver is responsible for the subsequent
the presence of Mallory hyaline bodies. As recently inflammatory cell infiltration characteristic of NASH
recognized [2-6], once hepatitis C has been excludedor whether an inflammatory response in the liver
and heavy alcohol consumption is thought unlikely, evoked by some other stimulus causes sufficient hepa-
the diagnosis of persistent abnormalities of liver tests tocyte dysfunction to result in steatosis has not been
in individuals referred to gastroenterologists and hepa-established yet [2, 16]. It has been recently suggested

tologists in western countries is most probably NASH.
The role of obesity appears to be crucial so that

that the high circulating leptin levels associated with
obesity may contribute to hepatic steatosis in two

NASH is now considered as “another disease of afflu- ways, by worsening insulin resistance and elevated

ence” [7]. A consensus has emerged that, apart from
steatosis, a “second hit” capable of inducing necrosis,
inflammation, and fibrosis is required for the develop-
ment of NASH [7, 8]. Recent studies in animal models

circulating insulin concentrations and/or by altering
insulin signaling in hepatocytes so as to promote in-
creased intracellular accumulation of fatty acids [17].
Furthermore, given the similar intracellular signaling

and human beings suggested that candidates for thipathways stimulated by leptin and several inflamma-

second hit can be grouped into three overlapping cat-
egories: 1) factors contributing to oxidative stress and
subsequent lipid peroxidation; 2) factors associated
with abnormal cytokine production; and 3) factors
associated with disordered fatty-acid metabolism and
insulin resistance (review in 2-8). While in patients
with fatty liver only long-term follow-up suggests a
benign, non-progressive course [9], advanced NASH
may differ substantially in prognosis and lead to obvi-
ous fibrosis and cryptogenic cirrhosis [10].

The present review aims at discussing the role of
obesity and metabolic abnormalities associated with
insulin resistance (especially diabetes mellitus and
dyslipidaemias) in the development of NASH. We will
also consider the influence on NASH of a marked and
sustained weight loss, such as that obtained in mor-
bidly obese patients after gastric reduction anti obesity
surgery.

B ASSOCIATION OF NASH WITH
OBESITY

Obesity is the condition most often associated with
NASH as, in most studies, 69% to 100% of patients
with NASH were also obese (review in 4). Steatosis is
a common observation in obesity and may be associ-
ated with inflammatory signs of non-specific hepatitis
(Fig. 1) [11-13]. In a series of 151 liver biopsies in
morbidly obese subjects, some degree of fatty meta-

tory cytokines, leptin may also be involved in the
progression from hepatic steatosis to steatohepatitis
[17].

Recent observations showed that elevated serum
ferritin and iron levels were common findings in pa-
tients with NASH (review in 3) and further character-
ization revealed that about one third of NASH patients
had either one or two copies of the Cys282Tyr muta-
tion in the HFe gene (the genetic defect believed to
cause haemochromatosis) [18]. Furthermore, it has
been demonstrated that increased hepatic iron has the
greatest association with the severity of fibrosis. How-
ever, body weight was not mentioned in that study
[18] and we may speculate that the prevalence of such
a mutation is probably higher in nonobese than in
obese patients with NASH. Finally, endotoxin and
endotoxin-inducible cytokines, including tumor necro-
sis factor-alpha (TNFt) and certain TNF-inducible
cytokines, such a interleukins-6 and -8, have also been
incriminated, at least in some patients, in the patho-
genesis of NASH as in that of alcohol-induced steato-
hepatitis (review in 3). As TNFt gene is overex-
pressed in adipose tissue of obese subjects and in
overweight patients with type 2 diabetes, resulting in
higher local and circulating TNE- levels [19], such
mechanism should be further investigated in the
pathogenesis of NASH associated with obesity and/or
type 2 diabetes.

The observation that some obese individuals pre-

morphosis was found in 94% of cases and in 34% sented a liver disease histologically indistinguishable
over half of the hepatocytes were involved [14]. The from alcoholic liver disease itself had long been rec-
pathogenetic mechanisms leading to the accumulationognized [20, 21]. In the previously mentioned series
of triglycerides and of fatty acids (FFA) in the hepa- of 151 liver biopsies in morbidly obese patients [14],
tocytes can easily be understood from the normal mild inflammation was observed in 58% and slight
cycling of FFA between the adipose tissue and the periportal fibrosis was detected in 28% of cases (in
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addition, early cirrhosis was observed in 4% of the series of liver biopsies in 61 morbidly obese subjects,
biopsies). In a literature survey of 41 original articles a high prevalence of fatty changes (85%) and of slight
comprising information on liver morphology in 1515 parenchymal (33%) or portal (23%) inflammation was
morbidly obese patients, liver biopsy was considered observed, but severe liver damage seemed rare in the
as normal in only 12% of the cases [22]. The most absence of alcoholism or diabetes [24]. Finally, in an
frequent abnormality reported was fatty changes autopsy study, steatohepatitis was found in 18.5% of
present in 80% of the biopsies; portal inflammation markedly obese patients in contrast to only 2.7% of
was also common (33%) while portal or periportal lean patients, while severe fibrosis was found in
fibrosis was observed in 29%. Cirrhosis, however, 13.8% versus 6.6% respectively [25].

involved only 3% of the biopsies. These findings were

confirmed in more recent studies. In a series of 100 We had the opportunity to analyze the liver biop-
consecutive morbidly obese patients undergoingsies in a large series of 528 severely obese subjects
Roux-en-Y gastric bypass, histologically abnormali- (428 females, 100 males; age 36.20.5 years, body
ties were found in almost all of the examined material mass index — BMI — 42.& 6.8 kg/nf — meant SD)
(98%), which ranged from mild fatty infiltration submitted to either a vertical ring gastroplasty or an
through inflammatory change and alcoholic hepatitis- adjustable gastric banding [26]. Subjects with exces-
like change to fibrosis and cirrhosis [23]. In a similar sive alcohol intake were excluded as candidates to
study in 50 non-selected obese subjects, normal liverbariatric surgery. As a whole, 74% of the biopsies
was found in 10%, fatty liver in 48%, fatty hepatitis in showed fatty deposition, estimated as mild in 41% of
26%, fatty fibrosis in 8% and fatty cirrhosis in 8%, the cases, moderate in 32% and severe in 27%. The sever-
two latter abnormalities being, however, associatedity of steatosis was positively associated with BMI (p
with excessive alcohol intake in most cases [12]. In a = 0.002), but not with the known duration of obesity.

L it
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Liver biopsy specimen showing Liver biopsy specimen showing
SEVEre Mmacrovesicular steatosis and 3 sewvers macrovesicular steatosis, ]
F ghycogenated hepatocyte nucle. i " and portal hepatitis. |
(Hematoxylin-sosin stain, magnification x 1200) (Hematoxylin-gosin stain, magnification x 730}

Fic. 1. lllustrations of severe macrovesicular steatosis (left picture) and non-specific steatohepatitis (right picture) in two morbidly obese subjects.
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The prevalence of steatosis was higher in men than in[33]. Besides obesity, elevated blood glucose values
women (91% vs 70%, g 0.001) and in patients with have been noted in 34% to 75% of patients with
impaired glucose tolerance or type 2 diabetes com-NASH (review in 4). In type 2 diabetic patients over
pared to nondiabetics (89% vs 69%<p0.001). The  age 60, the prevalence of fatty liver has been reported
patients with steatosis had increased serum levels ofto be about 45% [34, 35], whereas fatty liver is rare in
alanine aminotransferase (ALT), aspartate aminotrans-subjects with type 1 diabetes. According to several
ferase (AST) and gamma-glutamyl-transpeptidasestudies, no clear correlation seems to exist between
(gGT) (p < 0.001) when compared to obese patients the degree of glucose control or duration of the dis-
without histologically demonstrated steatosis. The ease and the fatty infiltration [15, 34, 35]. However, in
prevalence of abnormal laboratory values progres-all cases, diabetic patients with fatty liver are remark-
sively increased with the severity of steatosis. As an ably insensitive to insulin, as already suggested by a
example, serum ALT levels, the most sensitive liver pioneer work as early as 1950 [36]. The role of dia-
enzyme, were above upper normal limits in 6% of betes in producing liver pathology has been controver-
patients in the absence of steatosis, in 18% of patientssial although “diabetic hepatitis” has been recognized
with mild steatosis, in 24% of patients with moderate as a pathological entity [37]. An autopsy study noted a
steatosis and in 45% of patients with severe steatosigrend toward a higher prevalence of NASH in patients
at liver biopsy (p< 0.001). It is noteworthy that fatty — with type 2 diabetes requiring insulin [25]. Another
liver disease may be observed in obese subjects destudy reported that the distribution of fatty metamor-
spite normal serum liver enzyme levels, as pointed outphosis and fibrosis in the morbidly obese patient cor-
previously [27]. relates in severity with the degree of impaired glycae-
mic status [38]. However, in a recent series, the
presence of diabetes mellitus did not differ among

B ASSOCIATION OF NASH WITH THE patients with either simple fatty liver or more severe
INSULIN RESISTANCE SYNDROME lesions such as steatohepatitis, steatonecrosis or fibro-
AND TYPE 2 DIABETES sis [39]. So the role of diabetes in the occurrence of

NASH remains uncertain.

_ One key-feature of obesity, especially visceral obe- |hgyjin resistance is also associated with various
sity, is the presence of insulin resistance in various metapolic abnormalities, especially dyslipidaemia (hy-
tissues (liver, skeletal muscle, adipose tissue) [28, 29]. pertriglyceridaemia, low HDL cholesterol, high levels
The two metabolic abnormalities most strongly asso- of small dense LDL, postprandial hyperlipidaemia)
ciated with NASH are insulin resistance and an in- [32], leading to the concept of “metabolic syndrome”,
creased supply of fatty acids to the liver. The link 3i5q called *syndrome X” [40]. Hyperinsulinaemia has
between abdominal obesity and liver injury may be peen |ong recognized in hepatic steatosis, irrespective
explained, especially when resistance to antilipolytic of \veight excess, and fatty liver has been considered
action of insulin is present, by the fact that fatty acids o pe “associated with relative insulin resistance to
are mobilized more rapidly from visceral (central) \yhich elevated FFA may contribute [41]. Besides obe-
than from subcutaneous (peripheral) fat and dralnedsity' hyperlipidaemia (hypertriglyceridaemia, hyperc-

directly to the liver via the portal vein [30]. Excessive hgjesterolaemia, or both) has been reported in 20% to
intracellular concentrations of fatty acids may be toxic g1 of patients with NASH (review in 4).

per seor lead to oxidative stress, and thus contribute
to NASH [4]. In addition, such excessive FFA furni-

ture to and presence in the liver play a major role in
the impairement of glucose tolerance leading to type 2
diabetes mellitus [31] and in the high secretion of
very-low-density lipoproteins leading to hypertriglyc-
eridaemia and associated dylipidaemias [32]. Interes

In the recent National Health and Nutrition Exami-
nation Survey (NHANES-3), 2-6% of the US popula-
tion surveyed had raised values of serum ALT for
which no potential cause of chronic liver disease
could be found. Multivariate analysis indicated in-
t.creased ALT concentration to be significantly and in-
dependently associated not only with central obesity

EI[II%E/_aegsug(?ibog\éeﬁéﬂrgs%()sn b:gr? p%%%g(étéogs O;{assessed by increased waist/hip ratio) but also with
simple indices of insulin resistance (fasting plasma

important mechanism of peripheral insulin resistance : X ; .
in obesity and type 2 diabetes [19]. As a potential role INSulin and C-peptide concentrations) and haemoglo-
of TNF-a has also been proposed in the developmentPin Asc Ievels (cited in 7).
of NASH (review in 3), such cytokine might be con- Marceauet al. [42] recently reported on the fre-
sidered as a common link between these two meta-quent association between the metabolic syndrome
bolic abnormalities, especially in subjects with obesity observed in severe obesity and liver pathology. In 551
and/or type 2 diabetes. liver biopsies performed in severely obese patients
Decreased insulin sensitivity plays a crucial role in undergoing antiobesity surgery, steatosis was found in
the pathophysiology of type 2 diabetes so that reduc-86%, fibrosis in 74%, mild inflammation or steato-
ing insulin resistance is now considered as a mainhepatitis in 24%, and unexpected cirrhosis in 2% of
target in the management of the obese diabetic patienthe patients. Interestingly enough, with each addition
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of 1 of the 4 following components of the metabolic
syndrome (elevated waist/hip ratio, impaired glucose
tolerance, hypertension, and dyslipidaemia), the risk
of steatosis increased exponentially from 1- to 99-fold
(p < 0.001) (Table I). Furthermore, patients with im-
paired glucose tolerance or diabetes had a 7-fold in-
creased risk of fibrosis (g 0.0001). Thus, this study
confirmed earlier observations demonstrating that the
severity of NASH in the morbidly obese patient cor-
relates in severity with the degree of impaired glycae-
mic status [38].

Knobler et al. [43] have evaluated 48 consecutive
patients referred to their gastroenterology unit for
chronically & 6 months) raised liver enzyme levels
with clinical, ultrasound, and histological findings
consistent with fatty infiltration of the liver and no
data suggesting any specific cause. Most patient

(81%) were overweight or obese and had increased

waist circumference, which closely relates to visceral
fat and insulin resistance. Type 2 diabetes was found

TaBLE |. Comparison between demographic data, liver biopsy
findings and biological abnormalities in morbidly obese subjects
studied before bariatric surgery by Marceau et al [42] and by our group
[26, 44].

Marceau  Our
etal study

Demographic data
N 531 528
Sex (F/M) 439/112 428/100
Age (years) 36+9 36 £10
BMI (kg/m?) 47+9  43+7
Diabetes (%) 10 17*
Hypertension (%) 41 39
Liver biopsy data
Steatosis (%) 86 74
Steatohepatitis (%) 24 10
Biological data
Elevated liver enzymes (%) 4-20 14-35
Fasting plasma glucose >6 mmol/l 28 34
(%)
Fasting triglycerides >3 mmol/l 14 12
(%)
Cholesterol abnormalities (%)** 46 42

*: Impaired glucose tolerance was included in our study. **: Total
cholesterol/HDL ratic> 5 in Marceau’s study; low HDL choles-
terol in our stuty.

S

in 44% of the subjects, 29% had impaired glucose
tolerance, and 17% were hyperinsulinaemic. Further-
more, 85% had hypertriglyceridaemia, low serum
HDL cholesterol concentration, or both. Dietary inter-
vention resulting in a moderate weight loss (only 3.7
kg), supplemented by oral hypoglycaemic or lipid-
lowering drugs as needed (statins or fibrates have been
used in some patients of this study and were well
tolerated), decreased fasting blood glucose and im-
proved serum lipid profile after a median 24-month
follow-up. A substantial reduction in serum liver en-
zymes was observed in almost all subjects (96%) with
normalization of liver profile in a majority of patients.

In a large series of 505 severely obese subjects
evaluated before gastroplasty, we estimated various
biological parameters classically associated with the
insulin resistance syndrome [44] and we attempted to
correlate biological abnormalities with both presence
and severity of steatosis [26]. When compared with
patients without fatty liver deposition, those with liver
steatosis had significantly higher fasting plasma glu-
cose (5.5 mmol/l vs 5.1 mmo)/pb = 0.007), insulin
(244 pmol/l vs 90 pmol{l p = 0.003), triglycerides
(2.8 mmol/l vs 1.3 mmol/lp = 0.002) and ALT (28
Ul/l vs 17 Ul/l, p = 0.001) levels. The severity of the
steatosis was positively correlated, not only to BMI (p
= 0.002), but also to fasting plasma glucose <{p
0.001), insulin (p< 0.01) and triglycerides (g 0.001)
concentrations as well as to serum ALT €p0.001),
AST (p < 0.001) and gamma-GT (g 0.005) levels
(Fig. 2) . Thus, our observations confirmed those of
Marceauet al. [42] (Table 1) and suggested a close
relationship between liver steatosis and insulin resis-
tance syndrome in morbidly obese subjects.

B INFLUENCE OF WEIGHT LOSS ON
BOTH NASH AND INSULIN
RESISTANCE SYNDROME

Because obesity is the condition most commonly
associated with NASH, weight loss is frequently ad-
vocated [4]. However, weight loss is difficult to evalu-
ate because obese patients with NASH rarely achieve
or maintain sustained reductions in weight. Moreover,
the effect of weight loss on liver disease is not consis-
tent (review in 3-5). While histological lesions of
steatohepatitis deteriorates after rapid weight loss [45,
46], improvement generally occurs after gradual
weight reduction [47, 48]. The effects of losing weight
on liver function and morphology may also vary ac-
cording to the way of obtaining weight reduction. In
obese patients treated by prolonged fasting or low-
calorie dieting, a transient increase in the degree of
hepatocellular degeneration and focal necrosis along
with progressive diminution of fatty infiltration was
observed during acute weight loss, but late biopsies
revealed histologically normal livers [49]. In contrast,
in obese patients treated by intestinal bypass surgery,
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GLUCOSE (%) INSULIN (%) TRIGLYCERIDES (%)
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Fic.2. Relationships between the degree of steatosis (grade O: no steatosis; grade 1: mild steatosis; grade 2: moderate steatosis; grade 3: severe
steatosis) and the prevalence (%) of high levels of three markers of insulin resistance (fasting plasma glucose, plasma insulin, and serum
triglycerides) and of three serum liver enzymes (ALT, AST and gamma-GT) in a large cohort of severely obese subjects (reference 26).

major morphological changes may occur with massive very-low-calorie formula diet resulted in a significant
fatty changes, cholestasis, polynuclear inflammatory improvement of fatty change 0.001), but 24% of
infiltrates, diffuse fibrosis, bile-duct proliferation and the patients developed slight portal inflammation or
fatal hepatic necrosis [49]. During the 1970s, NASH fibrosis [46]. Interestingly, patients developing portal
was encountered as a common complication of je-fibrosis had a higher degree of fatty change before
junoileal bypass (JIB) surgery for morbid obesity [50, dieting, a more pronouced reduction of fatty change
51]. Liver dysfunction occurred in 40% of obese pa- and a faster weight loss. Early studies demonstrated
tients who underwent jejunal bypass surgery for that weight reduction due to fasting or low calorie
weight reduction [52], and in 2.2% to 6% of these diets are associated with reduced steatosis [55, 56]. In
patients, evidence of liver failure appeared during the overweight patients without primary liver disease, a
first 12 to 18 months, when weight loss was most weight reduction of 10% corrected abnormal hepatic
rapid [4]. Several studies pointed out that derangedtest results, decreased hepatosplenomegaly, and re-
architecture is similar to that of the alcoholic liver solved some stigmata of liver disease [57]. In a pilot
lesions, which suggests common pathogenetic mechastudy where livers of morbidly obese subjects were
nisms [53, 54]. In fact, the pathogenesis of NASH examined after gastric bypass as well as beforehand,
after jejunal bypass in morbidly obese patients appearsthere was a decrease in the degree of steatosis 12 to 18
to be multifactorial: potential mechanisms include ab- months afterwards [58]. In a small series of 15 obese
sorption of bacterial products or bile acids from the subjects, the occurrence of steatosis decreased from
blind loop, severe protein malnutrition and massive 73 to 40% one year after gastroplasty or gastric bypass
mobilization of FFAs during weight loss (review in 4). together with a marked decrease in individual grad-
Besides this specific toxic effect of intestinal by- ings of fatty changes and a disappearance of initial
pass, the effect of weight loss on liver function and discrete inflammatory or granulomatous changes [59].
morpholgy appears more favourable, although it re- In a larger series of 91 patients followed from 2 to 61
mains controversial. It is still considered that sudden months after gastric bypass with gastrojejunostomy,
weight loss or weight cycling — increasingly encoun- liver biopsies showed that 65 patients had reduced
tered because of dieting — may predispose to NASH steatosis, 18 patients with no or only minimal steatosis
(cited in 7). A rapid weight loss of 3# 9 kg with a had no change, and 3 patients had increased steatosis.
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Pre-gastric bypass biopsies showed perisinusoidal fi-surgery, in the course of a mandatory surgical proce-
brosis in 13 patients which disappeared afterwards indure (complications of initial surgical procedure or
10 patients, was reduced in one patient and remainectholecystectomy) [26]. After a mean weight loss of 32
unchanged in two patients; only one patient developed+ 19 kg, a remarkable decrement in liver fatty scores
such abnormal histological findings after gastric by- was observed: 45% of the biopsies were considered as
pass [60]. Thus, in contrast to what was reported with normal (vs 13% at baseline,  0.001) while pure
jejunoileal bypass, gastric bypass resulted in a reduc-fatty change was still observed in only 38% of the
tion or elimination of most hepatic fatty change and patients (vs 83% before, g 0.001) (Table Il). In
some perisinusoidal fibrosis after a major weight loss. addition, the severity of the steatosis was significantly
In our lar hort of severel ; _(p < 0.001) reduced (mild: 62% vs 21%; moderate:
it U 115 Sobort of severely obcse Sbets U+, vo 3704 severe: 155 ve 4206) Ths reducion
was organized after bariatric surgery [44]. Body e prevalence and severity of liver steatosis was as-
weight measurements and biological data were ob-sociated V!Ith a significant diminution of serum ALT
tained in 505 patients (419 females, 86 males; agel€VelS (P = 0.02) [26]. Such regression of steatosis
36+ 11 years; BMI 42.% 6.9 kg/nf) with a mean occurred even in absence of weight normalization.
follow-up of 26+ 14 months. At baseline, the popu- Thus, our observations demonstrated a parallel revers-

lation was characterized by a high prevalence of bio- IPility Of biological disturbances related to the meta-
logical abnormalities linked to the metabolic syn- bolic syndrome and liver steatosis after gastroplasty-

drome. After a mean weight loss of 32 16 kg, a induced weight loss in severe obesity, suggesting a
remarkable improvement in the biological profile was causal refationship or, at least, a common feature be-

observed, with significant reductions in mean plasmat"l‘.’eﬁn these tV‘.’f‘:" abnqrmallt|es_[63,h 64]. HO\INever, ?
glucose, insulin and fibrinogen levels, as well as in >'9 t but significant increase in the prevalence o

serum triglycerides and uric acid concentrations; con- Nepatitis was observed after pronounced weight reduc-

comitantly, a significant increase in mean serum HDL
cholesterol levels was noticed [44]. Mean serum ALT

TS o
levels _also dlmmIShed by 14% (‘90-01) [26]' These TABLE Il.  Prevalence (%) of abnormal biological values related to the
reductions in mean values were accompanied by ametabolic syndrome in 505 obese subjects and of abnormal liver
significant diminution in the prevalence of all these biopsies in a subgroup of 69 obese subjects before and about 2 years
biological abnormalities as shown Table Il. Interest- after gastropasty and a substantial weight loss of about 30 kg (adapted
. . . ) from references 26 and 44).
ingly enough, especially regarding the recent specula-
tion about a potential role of leptin in obesity-

associated liver disease [17], hyperleptinaemia was Before  After

also markedly reduced after weight loss (from 44.7 Parameters weight weight p
ng/ml at a mean BMI of 40.7 kg/fnbefore gastro- '0055 '0055

plasty to 21.7 ng/ml at a mean BMI of 32.5 kg/m () (%)

6 months after gastroplasty = 38, p< 0.001). Thus, Biological markers (n = 505)

the drastic weight loss associated with gastroplasty

induced a remarkable reduction in the prevalence and Hyperinsulinaemia 58 32 0.004

severity of all biological abnormalities classically con-

sidered as markers of syndrome X and cardiovascular YPerglycaemia 35 21 0004
risk factors. In addition, we could demonstrate in a Hypertriglyceridaemia 44 24 0.005
subset of 8 severely obese women that the recovery of

ideal body weight following gastroplasty resulted in'a Low HDL cholesterol 44 35 0.05

full normalization of the abnormalities in insulin se-
cretion, clearance and action on glucose metabolism,
and thus in a complete reversal of insulin resistance Hyperuricaemia 15 9 0.04
and compensatory hyperinsulinaemia [61]. Finally, we

showed in a subgroup of 24 morbidly obese patients Elevated serum ALT
with type 2 diabetes that glucose control was signifi- ~jver biopsies @ (n = 69)
cantly improved after gastroplasty-associated weight

reduction: HbA. levels were almost normalized de- Normal 13 45 0.001
spite a significant reduction of antidiabetic oral agents :

o? insuling doses [62]. All these metabolic imprgve- SICEEHE e S
ments related to weight reduction may favourably —Hepatitis 14 26 0.05
influence NASH of obese subjects.

Interestingly enough, 69 patients of the initial co-
hort submitted to a first biopsy before gastroplasty had “some liver biopsies may present several abnormalities, espe-
a second liver biopsy 2% 15 months after bariatric  cially hepatitis in addition to steatosis.

Hyperfibrinogenaemia 43 20 0.003

5 21 0.01

Fibrosis or cirrhosis 1.5 1.5 NS
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tion (26% of the biopsies after gastroplasty vs 14%
before, p< 0.05) [26]. Considering the potential del-
eterious effect of fatty acids [7, 8, 16], our data may
suggest that the rapid mobilization of intra- and extra-
hepatic stores induced by drastic weight loss follow-
ing bariatric surgery, perhaps in association with some
deficient protein intake, may be toxic for the liver and
result in mild lobular hepatitis in some patients. As
already discussed, a potential toxic role of cytokines,
especially TNFe. which is overexpressed and pro-
duced in excess by adipocytes of obese subjects, de
serves also further investigations [7].

Bl CONCLUSIONS

Liver steatosis is a common feature in severely

obese subjects and is especially associated with vis-

ceral adiposity and diabetic status. A positive relation-
ship is observed with classical biological markers of
the metabolic syndrome, such as hyperinsulinaemia
and hypertriglyceridaemia. Most importantly, we dem-

onstrated that post-gastroplasty weight loss results in a

significant improvement of both insulin sensitivity and

biological abnormalities of the metabolic syndrome

and, in a parallel fashion, is associated with a marked
reduction in both prevalence and severity of liver
steatosis, but in some cases, at the expense of steat
hepatitis. However, the latter histological abnormality
observed after drastic weight loss following gastro-
plasty (or gastric bypass) is mild and not comparable
at all with the severe and sometimes fatal hepatic
complications reported after jejunoileal bypass. Re-
cent data of the literature and personal observations
led to the new concept that NASH should be consid-
ered as being part of the insulin resistance syndrome.
Thus, both NASH and metabolic syndrome associated
with severe obesity are common markers of a so-
called disease of affluence.
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