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ABBREVIATIONS

ADA: American Diabetes Association

2h-PG: 2-hour plasma glucose

AUC: area under the concentration-time curve

CGM: continuous glucose monitoring

Cmax: maximum plasma concentration

EASD: European Association for the Study of Diabetes
FPG: fasting plasma glucose

GLP-1 RAs: glucagon-like peptide-1 receptor agonists
HbA1lc: glycated haemoglobin

HCC: hepatocellular carcinoma

NAFLD: non-alcoholic fatty liver disease

NASH: non-alcoholic steatohepatitis

OGTT: oral glucose tolerance test

SGLT2i: sodium-glucose cotransporter 2 inhibitors

T2DM: type 2 diabetes mellitus



SUMMARY

Type 2 diabetes mellitus (T2DM) is a frequent comorbidity in patients with cirrhosis that is projected
to rise in prevalence due to the worldwide burden of obesity, insulin-resistance and non-alcoholic
fatty liver disease. The management of T2DM in patients with cirrhosis is complex given the
requirement for accurate adaptation according to the level of liver function impairment, with lack of
summary of the little evidence available in the literature. Here, we summarise the data available with
respect to the epidemiology and the impact of T2DM in patients with cirrhosis, as well as those on
the management of T2DM in these patients. We provide guidance for the diagnosis of T2DM and the
monitoring of glycaemic control in patients with cirrhosis, and for the management of nutrition and

pharmacological treatments in relation to the level of liver dysfunction.

Key words: Cirrhosis; Diagnosis; Epidemiology; Monitoring; Pharmacological treatment; Type 2

diabetes mellitus



INTRODUCTION

Type 2 diabetes mellitus (T2DM) and liver cirrhosis are two frequent diseases accounting for 5 million
and 1.2 million deaths worldwide each year, respectively [1, 2]. T2DM is highly prevalent in patients
with advanced liver disease, and likewise, advanced liver disease is present in a significant proportion
of patients with T2DM [3, 4]. This relationship can be explained by the fact that non-alcoholic fatty
liver disease (NAFLD), which is considered the hepatic manifestation of the metabolic syndrome, is
now the leading cause of chronic liver diseases [5]. In addition, NAFLD acts as a co-factor for fibrosis
progression in other causes of chronic liver diseases, contributing thus to the development of
cirrhosis. Recent projections estimate that NAFLD-related cirrhosis will increase by 64%—156%
(depending on the country) by 2030 [6]. Therefore, it is anticipated that the management of diabetes
in patients with cirrhosis will become an increasingly frequent clinical situation. Given the strong
relationship between T2DM and cirrhosis, together the French Association for the Study of the Liver
(AFEF) and the Francophone Diabetes Society (SFD) decided to establish a group of experts aimed at
promoting research, education and patient care in the field of liver diseases and diabetes (Table S1;
see supplementary materials associated with this article on line). The first work of this expert panel
was to address T2DM management in the specific context of cirrhosis. The panel identified key
relevant topics requiring focus with respect to T2DM management in patients with cirrhosis.
Following, three—four experts were assigned to each topic to put forward guidance based on a
literature review. All experts met on five occasions to discuss and approve the statement. The final

manuscript was approved by all experts.

DEFINITIONS

Liver cirrhosis corresponds to a heterogeneous entity that encompasses different disease stages,
ranging from asymptomatic patients with normal liver function to end-stage liver disease. Numerous
terms and classifications are used to describe the different stages of cirrhosis, such as "compensated
vs decompensated" cirrhosis, or "preserved versus altered" liver function. The well-known Child-
Pugh score (Table S2; see supplementary materials associated with this article on line) stratifies
cirrhosis into three classes (A, B, C) according to clinical signs of cirrhosis decompensation (ascites,
encephalopathy) and liver function tests (bilirubin, albumin, prothrombin time). The complexity lies
in the fact that the different terms used can correspond to different or overlapping situations.
Therefore, to ensure the correct translation of the present statement for clinical practice, the experts

first decided to agree on definitions and to recapitulate in a single table the different terms generally
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used by physicians. The experts agreed that patients with "compensated" and "Child-Pugh A"
cirrhosis include two distinct patient profiles: those with preserved (i.e., normal) liver function and
those with slightly impaired liver function (i.e., bilirubin higher than the upper limit of normal,
prothrombin time below 80% or patients with a history of cirrhosis decompensation). Finally, four
categories were established and lead to use of the following terms in the present manuscript:
"preserved"”, "slightly impaired", "moderately impaired" and "severely impaired" liver function (Table
1). The term "impaired liver function" encompasses all "slightly impaired", "moderately impaired" and

"severely impaired" liver function.

EPIDEMIOLOGY AND IMPACT OF TYPE 2 DIABETES MELLITUS IN PATIENTS WITH CIRRHOSIS

The presence of liver cirrhosis is associated with significant impairment in glucose homeostasis [7].
The principal mechanism responsible for glucose abnormalities in patients with cirrhosis is a defect in
glucose uptake that produces marked and sustained hyperglycaemia [8]. The reported prevalence of
diabetes in patients with cirrhosis ranges from 14-71 % (Table Il) [9-16], depending on the aetiology,
liver disease severity, as well as the methods used for the diagnosis of diabetes. In patients with
cirrhosis, the main factors associated with the presence of T2DM are age, overweight and a family
history of T2DM [11]. Recently, a systematic review on the prevalence of T2DM in patients with
cirrhosis (58 studies including a total of 9,705 patients) found an overall prevalence of 30.7% (95%
confidence interval 27.9-33.5%) [3]. Interestingly, the highest prevalence of diabetes in this study
was reported in patients with NAFLD (56%) and cryptogenic-cirrhosis (51%), compared to 32% in
patients with hepatitis C infection or 27% in alcoholic cirrhosis [3]. On the other hand, the prevalence
of cirrhosis among patients with diabetes has been primarily investigated in the context of NAFLD. An
Australian retrospective study in 284 patients with biopsy-proven NAFLD found a prevalence of 28%
for cirrhosis in patients with T2DM vs 6% in those without (P < 0.001) [17]. A recent meta-analysis in
patients with T2DM and biopsy-proven NAFLD has estimated the overall prevalence of advanced
fibrosis at 17% (95% Cl: 7.2—34.8) [4]. However, the selection of patients with biopsy-proven NAFLD
and attending diabetic clinics likely overestimated these rates of advanced fibrosis/cirrhosis. Finally,
in a community-based cohort of 705 subjects with diabetes, the prevalence of cirrhosis defined by
liver stiffness >13 kPa was estimated at 2.1% [18]. Daily alcohol intake and metabolic disorders were

associated with increased liver stiffness.

Most clinical studies do not make the distinction between T2DM associated with cirrhosis and

hepatogenous diabetes. Hepatogenous diabetes is considered a consequence of cirrhosis, implying
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that diabetes develops after cirrhosis onset (Table S3; see supplementary materials associated with
this article on line). In a Mexican retrospective study with the aim of distinguishing between these
two types of diabetes in 130 patients with cirrhosis, 40% of patients had diabetes and half had
hepatogenous diabetes [9]. Patients in whom diabetes was identified before cirrhosis had a different
clinical profile to those with hepatogenous diabetes. Indeed, patients with diabetes had a higher
prevalence of cryptogenic cirrhosis, renal impairment, family history of diabetes and
hypertriglyceridaemia when compared to those with hepatogenous diabetes. Patients with
hepatogenous diabetes also seem to have a lower risk of diabetes complications, but this could be
related to increased mortality due to liver disease-related complications [19].

Alternatively, patients with diabetes and cirrhosis could have pancreatic diabetes which is commonly
misdiagnosed as T2DM [20]. A distinguishing feature is concurrent pancreatic exocrine insufficiency
that could be diagnosed by performing faecal elastase 1 test. Chronic alcoholism is a well-known
aetiologic factor associated with chronic pancreatitis and liver cirrhosis, and both diseases could be
associated with diabetes mellitus. Even though the frequency of the association between alcoholic
chronic pancreatitis and liver cirrhosis is low, it is important to rule out diabetes secondary to

alcoholic pancreatitis in people with cirrhosis [21].

Cirrhotic patients with diabetes have a higher incidence of liver disease-related complications,
including death, versus cirrhotic patients without diabetes. Several prospective and retrospective
studies [13, 15, 16, 22-27] have shown that survival was significantly lower in cirrhotic patients with
diabetes compared to those without diabetes (Table Ill). Most of these studies were performed in
patients with either chronic hepatitis C infection or alcoholic cirrhosis, some of them being
decompensated at baseline. For instance, in a prospective cohort of 250 patients with compensated
chronic hepatitis C-related cirrhosis without known diabetes at baseline, overall mortality, liver
transplantation, and hepatic decompensation events were significantly more frequent in patients
with diabetes compared to those without. In this study, diabetes was assessed by the oral glucose
tolerance test (OGTT) [24]. In a prospective community-based cohort of 63,275 subjects in Singapore,
diabetes was associated with an increased risk of cirrhosis-related mortality, especially for cases with
non-viral hepatitis-related cirrhosis [28]. In a very recent international cohort of 299 patients with
Child-Pugh class A cirrhosis due to non-alcoholic steatohepatitis (NASH), T2DM increased the risk of
death (adjusted hazard ratio: 4.23, 95% confidence interval: 1.93-9.29) during a median follow-up of
five years. The presence of T2DM also increased the risk of liver-related outcomes (adjusted hazard
ratio: 2.03, 95% confidence interval: 1.005—-4.11), including hepatocellular carcinoma (HCC) (adjusted
hazard ratio: 5.42; 95% confidence interval: 1.74-16.80) [16]. Thus, although glucose metabolism

abnormalities are not included in the most widely used prognostic tools, including that of the Child-
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Pugh and MELD scoring systems (Table S2; see supplementary materials associated with this article

on line), diabetes appears to be a major predictor of mortality in patients with cirrhosis.

1. Diabetes is highly prevalent in patients with cirrhosis and is an independent risk factor for
poor prognosis. Diabetes is associated with the occurrence of major complications of cirrhosis,
including ascites, encephalopathy, renal dysfunction, bacterial infection and hepatocellular

carcinoma. Therefore, patients with cirrhosis should be systematically screened for diabetes.

DIAGNOSIS OF DIABETES IN PATIENTS WITH CIRRHOSIS

Diabetes can be diagnosed based on plasma glucose criteria, either by fasting plasma glucose (FPG)
or the 2-hour plasma glucose value during a 75-g OGTT (2h-PG), or based on glycated haemoglobin
(HbA1c) criteria [20]. However, cirrhosis is associated with significant modifications in the sensitivity
of these methods of diabetes diagnosis. An FPG cut-off value of 126 mg/dL is associated with weak
performance for the diagnosis of diabetes in patients with cirrhosis. For example, Imano et al.
analysed FPG and 2h-PG in 60 patients with compensated liver cirrhosis due to chronic hepatitis C
[29]. They showed that 21% of patients with cirrhosis presenting with a normal FPG were classified as
having diabetes according to the OGTT with increased 2h-PG [29]. Furthermore, the OGTT performed
in 80 patients with cirrhosis and normal FPG in a Mexican study allowed for the identification of
diabetes in 20.7% of patients [9]. In this light, Nishida et al. even proposed a reduction of the FPG

level to 107 mg/dL for the diagnosis of diabetes in patients with cirrhosis [30].

HbAlc measurement is the gold standard for monitoring blood glycaemic control in diabetes. The
American Diabetes Association (ADA) proposed using HbA1lc values >6.5% (48 mmol/mol) for the
diagnosis of diabetes [20]. In conditions associated with an altered correlation between HbAlc and
glycaemia, such as sickle cell disease, pregnancy (second and third trimesters, and the postpartum
period), glucose-6-phosphate dehydrogenase deficiency, human immunodeficiency virus infection,
haemodialysis, recent blood loss or transfusion, or erythropoietin therapy, the ADA suggests
exclusive use of FPG criteria for diagnosing diabetes. It is also important to consider alcohol
consumption which may decrease HbA1C level independently of blood glucose [31]. Although
cirrhosis is not considered a pathological state requiring the avoidance of using HbAlc to diagnose
diabetes [20], a retrospective study identified liver cirrhosis as a main medical condition that could
potentially explain a decrease in HbAlc levels [32]. In this study, 58% of HbAlc values lower than the

normal range were linked to liver cirrhosis. In addition, Lahousen et al. showed that 40% of patients




with cirrhosis had HbA1lc levels below the non-diabetic reference range [33]. The mean HbAlc values
in patients with cirrhosis and with normal glycaemic control were significantly lower compared to
healthy control individuals [34]. In the same way, it has been reported that HbAlc levels in patients
with comorbid cirrhosis and T2DM were lower than those in patients with T2DM [30]. Interestingly,
using continuous glucose monitoring (CGM), Addepally et al. identified 14% of patients with diabetes
among a group of cirrhotic patients without prior diabetes diagnosis according to both OGTT and
HbA1lc results [35]. HbAlc level is directly proportional to glucose concentration, but also to the
lifespan of red blood cells [36]. In cirrhosis, several factors can affect HbAlc levels, such as anaemia,
hypersplenism, gastrointestinal bleeding or vitamin deficiency. Therefore, HbAlc is not a reliable

marker for the diagnosis of diabetes in patients with cirrhosis and impaired liver function.

2. In patients with cirrhosis and preserved liver function, the diagnosis of diabetes relies on the
same tests (fasting plasma glucose, HbA1c) as used in patients without cirrhosis.

3. In patients with cirrhosis and impaired liver function or anaemia, HbA1lc is not recommended
due to the risk of underestimation leading to false negative results.

4. In patients with cirrhosis and impaired liver function, an oral glucose tolerance test (75g
glucose) with a 2-hour plasma glucose value is recommended for the diagnosis of diabetes in

addition to fasting plasma glucose.

GLUCOSE MONITORING AND THE GLYCAEMIC TARGET IN PATIENTS WITH CIRRHOSIS

How is glycaemic control monitored in patients with diabetes and cirrhosis?

Monitoring glycaemic control using HbAlc levels or fructosamine measurements in patients with
cirrhosis has significant limitations. These limitations must be acknowledged to avoid
misunderstanding of the results that can lead to inappropriate treatment decisions. In a recent study,
Addepally et al. investigated the accuracy of HbAlc levels for monitoring glycaemic control in
patients with cirrhosis compared to actual blood glucose level assessed by CGM over a 12-week
period [35]. This study did not support HbAlc measurement as an accurate method for monitoring
diabetes in patients with cirrhosis given the association between HbAlc and CGM values was altered
in these patients and the relationship between HbA1lc level and plasma glucose level was affected by
the degree of liver dysfunction [35]. Using CGM, another study evaluated the glycaemic variability in
patients with T2DM and with chronic hepatitis compared to patients with T2DM and cirrhosis Child-
Pugh class A or B/C [37]. Although HbA1c levels were significantly lower in the Child-Pugh class B/C




group than in the chronic hepatitis group, the mean blood glucose measured by CGM was
significantly higher in patients with Child-Pugh class B/C cirrhosis [37]. These results confirm that
HbAlc measurement must be used with caution for monitoring glycaemic control in patients with
diabetes and cirrhosis, especially in the case of severe liver disease. Nadelson et al. compared
measured HbA1lc values with HbAlc levels estimated on the ADA calculator website in 200 patients
with decompensated cirrhosis. The authors also concluded a discordance in HbAlc values in patients
with decompensated cirrhosis [38]. Therefore, this study indicates that HbAlc levels are not a
reliable predictor of glycaemic control in patients with decompensated cirrhosis, and especially not in

those with severe anaemia [38].

Fructosamine is a biological marker of plasma glycaemic control that is less standardised and less
frequently used than HbAlc. Patients with cirrhosis frequently have hypoalbuminaemia that is
correlated with liver disease severity. Hypoalbuminaemia leads to impaired degradation of albumin
which results in a significantly increased half-life of albumin in patients with cirrhosis. Increased
albumin half-life is linked to an increase in plasma fructosamine concentration, as previously
described by Trenti et al. [34]. This could explain the findings of Addepally et al. Here, the authors
studied patients with diabetes and cirrhosis and found that the association between fructosamine
and CGM glucose geometric means was even weaker than the aforementioned association observed
between HbAlc and CGM glucose values [35]. Consequently, fructosamine cannot be a valuable

alternative for monitoring glycaemic control in patients with advanced liver disease.

Checking fingerstick capillary blood glucose at different times of the day could be of particular
interest in patients with cirrhosis [39]. Self-monitoring of blood glucose can be an alternative way to
assess glycaemic control in patients with decompensated cirrhosis or anaemia in whom HbAlc or
fructosamine levels are unreliable. Cirrhosis is characterised by reduced hepatic glycogen content
and patients with cirrhosis exhibit increased gluconeogenesis that can contribute to sarcopaenia [40].
Nocturnal hypoglycaemia, induced by some glucose-lowering drugs, also increases gluconeogenesis
and could likewise contribute to sarcopaenia. This encourages the implementation of optimal
glycaemic monitoring for the detection of hypoglycaemic events, which are common in patients with
liver cirrhosis. Using CGM, nocturnal hypoglycaemia was identified in 20% of patients with HbAlc
levels above 7.0% (53 mmol/mol) and in 34% of non-anaemic patients with HbAlc levels below 7.0%
[37]. Temporary or permanent use of CGM systems are thus valuable for estimating glycaemic
control and for detecting nocturnal hypoglycaemia in patients with cirrhosis, especially in patients
treated with anti-hyperglycaemic drugs, such as insulin. Of note, a recent study investigated the

performance of a flash glucose monitoring system and demonstrated the usability of this mode of
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glucose monitoring in patients with diabetes mellitus and liver cirrhosis [41]. Alcohol intake has been
associated with a higher risk of hypoglycaemia in patients with T2DM treated with insulin [42] or

sulphonylureas [43, 44]. Therefore, hypoglycaemia should be closely monitored in these patients.

5. HbA1lc must be used with caution for monitoring glycaemic control in patients with cirrhosis
and diabetes. HbAlc is an unreliable indicator of glycaemic control in patients with cirrhosis
and anaemia and/or impaired liver function.

6. Fructosamine is an unreliable indicator of glycaemic control in patients with cirrhosis and
hypoalbuminaemia.

7. Self-monitoring of capillary blood glucose appears to be a good alternative in patients with
cirrhosis and moderately/severely impaired liver function. Continuous glucose monitoring can
detect nocturnal hypoglycaemia in patients with cirrhosis, especially those treated with anti-

hyperglycaemic drugs, such as sulphonylureas, glinides or insulin.

What is the glycaemic target for patients with cirrhosis?

There is ample evidence, as described above, that diabetes has a negative impact on the survival of
patients with cirrhosis [13, 15, 16, 19, 22-26]. Diabetes increases the incidence of liver-related
complications in patients with cirrhosis. It seems thus important to adapt anti-hyperglycaemic
therapies with the aim to prevent/avoid cirrhosis-related complications rather than classical
diabetes-related complications. Considering the drawbacks of HbAlc evaluation, it would be better
to use glycaemic targets adapted from self-monitoring of blood glucose in patients with cirrhosis and
impaired liver function. In the case of preserved liver function, the current guidelines for T2DM
management (personalised HbAlc targets, self-monitoring of blood glucose in patients treated with
sulphonylureas, glinides or insulin) should be followed for glycaemic target achievement, similar to
patients without cirrhosis [20, 45]. In patients with cirrhosis and impaired liver function, prognosis is
primarily driven by liver-related complications rather than diabetes complications [13, 15, 16, 19, 22-
26]. In these patients, fasting (pre-meal) capillary blood glucose should be maintained between 100
and 200 mg/dL (5.5-11.0 mmol/l), especially in those who require insulin therapy (Table 1V). Indeed,
inappropriate up-titration of insulin doses might lead to increased risk of hypoglycaemia, especially in

the late post-prandial state following rapid acting insulin administration.

8. For patients with cirrhosis and preserved liver function, the current guidelines for T2DM
management should be followed for glycaemic target achievement, similar to patients

without cirrhosis.
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9. In patients with cirrhosis and impaired liver function, prognosis is primarily driven by liver-
related complications rather than diabetes complications.

10. In patients with cirrhosis and moderately/severely impaired liver function, glycaemic targets
under insulin therapy should be adjusted to maintain pre-meal values between 100 and 200

mg/dL (5.5-11.0 mmol/l).

ANTI-HYPERGLYCAEMIC TREATMENT

Biguanides

Metformin has limited passive diffusion through the membranes of hepatocytes and does not
undergo hepatic metabolism. Its elimination is essentially renal, and no metabolites or conjugates of
this drug have been identified [46]. Liver impairment should not interfere with the pharmacokinetics
of metformin, but no specific pharmacokinetic studies have been performed in patients with chronic
liver disease [47]. Metformin does not appear to cause or exacerbate liver injury, in contrast it can be
beneficial for patients with NAFLD [48]. Metformin-associated metabolic acidosis in patients with
chronic liver disease is largely represented by case reports in the literature, with most patients
presenting with cirrhosis and some degree of renal impairment [49].

In a recent large nationwide case-control study, the use of metformin was associated with a
decreased risk of HCC in patients with T2DM in a dose-dependent manner. Each incremental year
increase in metformin use resulted in a 7% reduction in the risk of HCC (adjusted odds ratio: 0.93, P <
0.0001), even after adjusting for several confounding factors, including the presence of cirrhosis and
different causes of chronic liver disease. The authors did not find any protective effect in the subset
of patients with hepatitis B or C infection [50]. Another study comprised of matched cohorts of
21,900 ever-users and 21,900 never-users of metformin showed a hazard ratio of 0.76 (0.67-0.85),
suggesting that metformin was associated with a reduced risk of HCC in a dose-response pattern
[51]. Three studies have found a trend between lower all-cause mortality and metformin use in
patients with T2DM and histologically confirmed cirrhosis [52-54]. A positive association between
metformin use and survival was also reported in patients with cirrhosis due to NASH, but not in other
causes, such as alcohol use or viral hepatitis infection [52]. A meta-analysis of ten studies showed a
50% reduction in HCC incidence due to metformin use in a total of 334,307 patients with T2DM,
including 22,650 cases of HCC [55]. Compared to sulphonylureas or insulin treatment, metformin was
associated with a significantly lower risk of HCC in both cirrhosis (odds ratio: 0.16, P = 0.0006) and

control (odds ratio: 0.15; P = 0.005) groups [56]. In this study, poor glycaemic control in the cirrhosis
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group was associated with a significantly higher risk of HCC (odds ratio: 1.51, P = 0.0005). The
observation that a protective effect of metformin was only reported in NASH-related cirrhosis could
be due to the pleiotropic effects of metformin in cell proliferation and differentiation, apoptosis and
inflammation, as well as glucose metabolism and lipid metabolism pathways [57]. A study conducted
in patients with T2DM and biopsy-proven NASH with bridging fibrosis or compensated cirrhosis
recruited 110 users and 81 never-users of metformin [58]. The primary endpoints were transplant-
free survival, development of HCC or a first hepatic decompensation event. The ten-year cumulative
incidence of HCC was significantly lower in metformin users compared to non-users (hazard ratio:
0.25; P < 0.01). The cumulative transplant-free survival rate at ten years was significantly lower in
non-users (35%) than users (65%) of metformin, and the protective effect of metformin remained
similar when adjusted for fibrosis severity, age and sex (hazard ratio: 0.47, P = 0.010). In another
report, metformin use was found to be protective against hepatic encephalopathy in diabetic
cirrhotic patients by a mechanism of inhibition of glutaminase activity in vitro [53].

In summary, epidemiological and clinical studies report that the use of metformin in patients with
T2DM and cirrhosis is associated with an increased rate of survival, reduced all-cause mortality and a
reduction in the risk of HCC development. It seems reasonable to discontinue metformin in patients
with moderately/severely impaired liver function in order to avoid complications of lactic acidosis,

and to consider patients with multiple comorbidities as patients at high risk of lactic acidosis [59].

11. Metformin can be used in patients with cirrhosis and preserved/slightly impaired liver
function. Dosage should be adapted to renal function.

12. Some studies suggest that metformin can reduce HCC occurrence in patients with cirrhosis.

13. Metformin should be discontinued in patients with cirrhosis and moderately/severely

impaired liver function.

Pioglitazone

Thiazolidinediones (pioglitazone and rosiglitazone) are insulin sensitizers, which are ligands for the
peroxisome proliferator-activated receptor (PPAR)-y transcription factor [60]. In many countries,
pioglitazone remains the only drug of this class available for clinical use. In a meta-analysis,
pioglitazone demonstrated its efficacy in the pharmacological management of NASH, with increased
NASH resolution and improved liver fibrosis [61]. However, the clinical use of thiazolidinediones is
limited by the occurrence of several adverse events, including body weight gain, congestive heart
failure and bone fractures [60]. Pioglitazone is metabolised in the liver rather than the kidney, mainly

by CYPC28 and to a lesser extent by CYP3A4 in vitro [62]. There have been no specific
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pharmacokinetic studies reporting on pioglitazone use in patients with impaired liver function or
cirrhosis. However, a report from the United States Food and Drug Administration has stated that
subjects with impaired liver function (Child-Pugh B/C) have a 45% reduction in pioglitazone mean
peak concentrations without changes in mean area under the concentration-time curve (AUC) values
compared to healthy subjects [47].

Among the randomised placebo-controlled trials performed on the evaluation of pioglitazone for the
treatment of NASH, almost all patients included had no liver cirrhosis [63-67]. A post-marketing
surveillance study was performed in Japan between December 1999 and March 2004. It included
25,000 patients with T2DM, among whom it can be assumed were also patients with cirrhosis, from
4,093 institutions. There were no cases of hepatic failure reported, and 19 patients had liver
reactions assessed as serious by the reporting physicians [68]. Very recently, a propensity score
analysis performed in Taiwan’s National Health Insurance Research Database cohort compared
clinical outcomes between patients with T2DM and cirrhosis using or not using thiazolidinediones. In
this study, use of thiazolidinediones was not associated with an increased risk of all-cause mortality,
HCC, or decompensated cirrhosis. It is noteworthy that use of thiazolidinediones was found
associated with a higher risk of cardiovascular events (coronary heart disease, stroke, heart failure),

but this risk was mainly attributable to rosiglitazone, with pioglitazone having a neutral effect [69].

14. Pioglitazone can be used in patients with cirrhosis and preserved/slightly impaired liver
function, in countries where this drug is available for clinical practice.
15. Due to its side effects (fluid retention, heart failure), pioglitazone should be avoided in

patients with cirrhosis and moderately/severely impaired liver function.

Sulphonylureas and glinides

Sulphonylureas (second and third generation)

Sulphonylureas decrease blood glucose levels by stimulating insulin secretion in a glucose-
independent manner. Thus, the inherent and major risk of sulphonylureas is severe hypoglycaemia,
which is a life-threatening complication in patients with T2DM. While sulphonylureas have been used
for over 40 years, studies on the pharmacodynamics and pharmacokinetics of sulphonylureas are
lacking in patients with impaired liver function [47]. Sulphonylureas are metabolised in the liver into
active and inactive metabolites via cytochrome P450 (CYP450) enzymes. Sulphonylureas are
extensively bound to serum proteins and excreted mainly through the renal pathway. Protein binding
of sulphonylureas can be reduced in hypoalbuminaemia, increasing plasma concentrations of

unbound sulphonylureas and resulting in a higher risk of hypoglycaemia. Finally, patients with
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cirrhosis are often malnourished, with a reduced gluconeogenic capacity leading to an impaired
counter-regulatory response to hypoglycaemia. Patients who do not abstain from alcohol should be
very cautious when taking sulphonylureas, as alcohol intake increases the risk of hypoglycaemia in
these patients by inhibiting hepatic gluconeogenesis.

Glibenclamide is inactivated in the liver via CYP3A4 and elimination of the drug appears to be divided
equally between biliary and renal routes [47, 70, 71]. Glimepiride is metabolised by CYP2C9, and it
has been suggested in low-quality studies that its pharmacokinetics are unaltered in patients with
chronic liver disease, with fewer and less severe adverse effects than glibenclamide [47, 72].
Gliclazide is metabolised in the liver via CYP2C9 and CYP2C19 into inactive metabolites which are
eliminated mainly in urine (80%) [73]. There are no data on the pharmacokinetics of gliclazide in
patients with chronic liver disease. Glipizide is metabolised via CYP2C9 and to a lesser extent
CYP2C19 [74]. Glipizide has the shortest half-life (2—4 hours) amongst all sulphonylureas. It has been
suggested that glipizide can be preferred in patients with impaired liver function [75], but adequate
pharmacokinetic studies are lacking. Manufacturer prescribing information for all sulphonylureas
suggests cautious use in patients at higher risk of hypoglycaemia, including with impaired liver
function. The position statement from the ADA and the European Association for the Study of
Diabetes (EASD) also recommends avoiding sulphonylureas in severe liver disease due to the risk of

hypoglycaemia [45].

Glinides

Glinides are glucose-independent insulin secretagogues that produce a rapid and short-lived insulin
output. Compared to sulphonylureas, glinides (repaglinide and nateglinide) are characterised by a
shorter half-life, as well as by the absence of significant renal excretion [76, 77]. Glinides are
completely metabolised by oxidative biotransformation (CYP450) and conjugation with glucuronic
acid in the liver. Importantly, pharmacokinetics differs between repaglinide and nateglinide in
patients with chronic liver disease [47].

The pharmacokinetics of a single 4 mg dose of repaglinide was assessed in an open-label, parallel-
group study on both healthy individuals and patients with chronic liver disease [78]. Repaglinide
clearance was significantly reduced in patients with impaired liver function. Rare case reports of
either acute hepatotoxicity or cholestatic hepatitis have also been reported with repaglinide use [79,
80]. In contrast to repaglinide, no major pharmacokinetic alterations of nateglinide have been
reported in patients with mild to moderate hepatic insufficiency. Indeed, while Tmax and mean ti;
values were comparable to healthy controls, exposure was slightly increased in patients with
cirrhosis: +30% for AUC and +37% for maximum plasma concentration (Cmax) [81]. However, no data

are available in patients with severely impaired liver function [47].
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It should be mentioned here that neither sulphonylureas nor glinides have demonstrated a
cardiovascular benefit in patients with T2DM. They are not recommended as first- or even second-
line therapy for diabetes management according to ADA/EASD guidelines [45] due to their associated

risk of hypoglycaemia.

16. Sulphonylureas and glinides can be used in patients with cirrhosis and preserved liver
function. They should be avoided in patients with high risk of hypoglycaemia.

17. Sulphonylureas can be used with caution in patients with cirrhosis and slightly impaired liver
function, but at lower doses to avoid hypoglycaemia.

18. Sulphonylureas are contraindicated in patients with cirrhosis and moderately/severely
impaired liver function.

19. Repaglinide is contraindicated in patients with cirrhosis and impaired liver function.

20. Nateglinide can be used with caution in patients with cirrhosis and slightly/moderately

impaired liver function, but at lower doses to avoid hypoglycaemia.

DPP-4 inhibitors

DPPA-4 inhibitors are glucose-dependent insulin secretagogues. In contrast to sulphonylureas and
glinides, they do not result in a risk of hypoglycaemia. Sitagliptin, primarily excreted by renal
elimination, has shown similar pharmacodynamic parameters (AUC0O-e2, Cmax, time to Cmax) in
patients with cirrhosis and moderately impaired liver function compared to control subjects [82]. The
AUCO-o~ of saxagliptin was 10% and 38% higher in patients with slightly and moderately impaired
liver function, respectively, whereas the AUCO-o< of its active catabolite (5-hydroxy saxagliptin) was
decreased by 22% and 7% in the same patient groups, respectively [83]. Indeed, the increased
exposure of the parent drug, saxagliptin, appears to be compensated by a decreased exposure to its
active metabolite. Another study showed that the AUCO-<= for linagliptin after a seven-day treatment
showed no difference in patients with slightly and moderately impaired liver function compared to
controls [84]. Likewise, in patients with moderately impaired liver function, the AUCO-o= and the
Cmax of alogliptin showed no differences from those in healthy individuals [85]. Finally, in patients
with mild and moderately impaired liver function, the AUCO-o= and Cmax for vildagliptin were slightly
reduced compared to controls [86]. However, it should be noted that vildagliptin prescribing
information stipulates that it should not be used in patients with impaired liver function, including

patients with pre-treatment ALT or AST >3x the upper limit of normal.

21. Vildagliptin should not be used in patients with cirrhosis and impaired liver function.
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22. Sitagliptin, linagliptin, saxagliptin and alogliptin can be used in patients with cirrhosis and
slightly/moderately impaired liver function.
23. DPP-4 inhibitors are not recommended in patients with cirrhosis and severely impaired liver

function.

SGLT2 inhibitors

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are a new class of drugs that reduce blood
glucose levels by increasing urinary glucose excretion. In addition to their glucose-lowering effect
with no risk of hypoglycaemia, SGLT2i offer cardiovascular and renal benefits [87]. SGLT2i are
currently indicated in Europe and the United States as first- or second-line treatments of T2DM in
patients with established cardiovascular disease, high/very high cardiovascular risk, chronic kidney
disease or heart failure according to ADA/EASD guidelines [45]. Accumulated evidence from both
pre-clinical studies and proof-of-concept clinical studies has suggested a potential beneficial effect of
SGLT2i in NAFLD pathogenesis [88]. However, the impact of SGLT2i on liver histology remains to be
determined.

Canagliflozin, dapagliflozin and empagliflozin are available on the market. SGLT2i undergo extensive
hepatic metabolism mainly via glucuronidation, and small amounts of metabolite are eliminated
through the renal route [89]. In a single dose pharmacokinetic study, systemic exposure to
dapagliflozin in subjects with chronic liver disease was increased compared to healthy subjects, and
the increase was correlated with the degree of liver function impairment [90]. This accumulation is
further increased in the case of concomitant renal impairment and caution is recommended in this
situation [47]. Similarly, exposure to empagliflozin progressively but modestly (< 2-fold) increased
with the severity of liver function impairment [91]. While meta-analysis and review reports from
large phase 2-3 trials have shown that SGLT2i do not cause hepatotoxicity, their long-term safety
profile and efficacy have not been studied specifically in patients with cirrhosis. Some risks of
dehydration and hypotension, as well as euglycaemic ketoacidosis (especially in patients with

advanced T2DM under insulin therapy) are associated with SGLT2i use. Hence, caution is required.

24. There are insufficient data on SGLT2 inhibitors in patients with cirrhosis. Pharmacological

studies suggest increasing accumulation with decreasing liver function.

Acarbose
Alpha-glucosidase inhibitors are competitive inhibitors of enzymes required for carbohydrate

digestion, and specifically alpha-glucosidase enzymes in the brush border of the small intestines.
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Acarbose and miglitol, available in many countries, reduce HbAlc to a lesser extent (around -0.5%) vs
other anti-hyperglycaemic drugs and primarily act on post-prandial hyperglycaemia [92]. Thus, it
should be kept in mind that the hypoglycaemic efficacy of alpha-glucosidase inhibitors is modest
compared to other anti-hyperglycaemic therapies and they should not be first intention in the case of
severely uncontrolled T2DM. In a large trial evaluating cardiovascular outcomes, acarbose did not
reduce the risk of major adverse cardiovascular events [93].

Alpha-glucosidase inhibitors are exclusively metabolised within the gastrointestinal tract with low
systemic bioavailability. Although there are no pharmacokinetic or pharmacodynamic studies
specifically dedicated to alpha-glucosidase inhibitors, clinical trials have demonstrated that acarbose
can be safely and effectively used in patients with diabetes and chronic liver disease, alcoholic
cirrhosis, well-compensated non-alcoholic cirrhosis and low-grade hepatic encephalopathy [94-97].
However, some cases of hyperammonaemia have been reported in patients with advanced liver

cirrhosis [47].

25. Acarbose is safe in patients with cirrhosis and slightly/moderately impaired liver function.

26. Acarbose should be avoided in patients with cirrhosis and severely impaired liver function due
to an insufficient benefit-risk ratio.

27. Acarbose should be avoided in patients with cirrhosis and severely uncontrolled diabetes

given its insufficient hypoglycaemic efficacy.

Glucagon-like peptide-1 receptor agonists

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) decrease blood glucose by stimulating insulin
secretion and decreasing glucagon secretion in a glucose-dependent manner, thus avoiding the risk
of hypoglycaemia. GLP-1 RAs also significantly reduce body weight by increasing satiety at the level
of the central nervous system. Some GLP-1 RAs (liraglutide, dulaglutide, semaglutide) reduce major
cardiovascular events and they are recommended as second-line therapy in patients with T2D and
high atherosclerotic cardiovascular disease risk [45]. Note that GLP-1 RAs are contra-indicated in
patients with a history of chronic pancreatitis.

Hepatic metabolism is not the main pathway for the elimination of GLP-1 RAs; exenatide is primarily
eliminated by the kidney, whereas liraglutide and dulaglutide are totally degraded within the body
via the action of DPP-4. Treatment with GLP-1 RAs is often associated with improvement in serum
aminotransferase levels (and hepatic steatosis), making them potential treatments for NAFLD [98,
99]. There are no pharmacokinetic studies on exenatide (either short- or long-acting) or lixisenatide

in patients with impaired liver function found in the literature. A pharmacokinetic study performed
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with a single 0.75 mg dose of liraglutide in patients with slightly, moderately and severely impaired
liver function did not show increased exposure to liraglutide [100]. Although the liraglutide
development programme did not show any hepatotoxicity, clinical experience with liraglutide in
patients with impaired liver function was limited. In a pharmacokinetic study, systemic exposure to
dulaglutide was decreased by 23%, 33% and 21% for slightly, moderately and severely impaired liver
function, respectively, compared to subjects with normal liver function [101]. A pharmacokinetic
study was performed with semaglutide in 19 patients with normal liver function, eight patients with
slightly impaired liver function, ten patients with moderately impaired liver function and seven with
severely impaired liver function [102]. In this work, the pharmacokinetic parameters for semaglutide
(AUCO-o= and Cmax) showed no difference between the four groups. Since licensure, there have

been no published case reports of semaglutide-induced hepatotoxicity.

28. Due to lack of data, exenatide and lixisenatide should not be used in patients with cirrhosis
and impaired liver function.

29. Liraglutide, dulaglutide and semaglutide can be used in patients with cirrhosis and
preserved/slightly impaired liver function.

30. Due to lack of data, liraglutide, dulaglutide and semaglutide should be used with caution in
patients with cirrhosis and moderately impaired liver function, especially in those at risk of
malnutrition.

31. GLP-1receptor agonists are not recommended in patients with cirrhosis and severely impaired
liver function.

32. Nutritional evaluation is recommended in patients with cirrhosis before and a few weeks after
GLP-1 receptor agonist initiation due to the risk of gastrointestinal disorders and malnutrition;

this treatment should be discontinued in the event of severe gastrointestinal side effects.

Insulin

The major site of insulin metabolism is the liver, with close to 40-50% of endogenous insulin
produced by the pancreas being metabolised by the liver. Morphological and functional liver changes
are associated with several disturbances in the metabolic clearance of insulin in patients with chronic
liver disease, and changes in liver function can also affect the glucose-lowering effects of insulin. In
patients with decompensated liver disease, insulin requirement can be decreased due to a reduced
gluconeogenic capacity. However, patients with impaired liver function can also require high insulin
doses due to insulin resistance [47], hyperglucagonaemia [103] and decreased hepatic clearance of

portal glucose [104]. Therefore, trying to optimise glucose control, both in the fasting and post-
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prandial periods, is a real challenge in patients with T2DM and impaired liver function due to
cirrhosis. These specific conditions can lead patients and physicians to up-titrate the insulin doses
inappropriately, resulting in an increased risk of hypoglycaemia, particularly during the late post-
prandial period. In summary, to minimise the incidence of hypoglycaemia in patients with cirrhosis
who require insulin therapy, glycaemic targets must be personalised, and insulin doses (especially
those of rapid acting insulins) must be carefully adjusted on an individual basis according to regular

blood glucose monitoring.

Clinical studies with short-acting insulins

A study assessed insulin aspart metabolism in healthy subjects and non-diabetic patients with varying
degrees of liver function [105]. All the subjects received a 0.06 unit/kg subcutaneous dose of insulin
aspart followed by a standardised meal immediately after injection. There was no correlation
between any of the pharmacokinetic variables analysed and the degree of liver impairment. In
patients with T2DM and compensated chronic liver disease (Child-Pugh A—B), CGM for 12 weeks in a
cross-over protocol was used to compare insulin lispro to regular human insulin [106]. At the end of
each treatment period, a one-week CGM session was performed followed by a standard meal test
with 12 units of regular human insulin (30 min before each meal) or bolus insulin lispro (5 min before
each meal). As expected, insulin peaked higher and earlier with lispro, and glucose excursions and
delta AUC were significantly lower after lispro. However, these pharmacokinetic variables were not
affected by the degree of liver function impairment. The use of continuous subcutaneous insulin
infusion using an insulin pump was also studied in patients with uncontrolled T2DM and cirrhosis.
The authors noted a reduction in daily insulin doses without incidents, including severe
hypoglycaemia, diabetic ketoacidosis or weight gain [107]. In summary, impaired liver function or
chronic liver disease do not influence the pharmacokinetics of lispro and aspart. There are no data

are available regarding glulisine, faster aspart or ultra-rapid lispro.

Clinical studies with long-acting insulins

Patients with severely impaired liver function show a lower bioavailability of insulin determir
compared to healthy controls [47]. Insulin detemir is considered as hepatoselective; it binds to
albumin and is thus unable to pass through the capillary endothelial cell barrier to reach peripheral
adipocytes, whereas the albumin-detemir complex can freely pass through liver sinusoids. This allows
detemir to exert a greater effect on hepatocytes than in peripheral tissues. Hypothetically, the
efficacy of this hepatoselective insulin could be reduced in cirrhosis via reduced hepatic exposure to
insulin (due to increased insulin clearance or portosystemic shunting) or from direct liver

parenchymal cell damage, finally leading to hyperglycaemia. This fact was highlighted in a recent
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paper reporting two different clinical cases of patients treated by detemir for whom insulin detemir
appeared less efficacious [108]. In contrast, Kupcova et al. examined the single-dose (0.4 unit/kg)
pharmacokinetics of insulin degludec in patients with different degrees of liver impairment (normal
liver function, Child-Pugh scores A—C) compared to controls. There were no differences reported in
pharmacokinetic variables (AUC, Cmax and apparent clearance of insulin measured at 120 hours post-
dose) for subjects with impaired liver function compared to patients with preserved liver function
[109]. The effects of impaired liver function on insulin glargine (U-100 and U-300) pharmacokinetics

and pharmacodynamics have not been studied.

In summary, insulin therapy is one of the safest and most efficient agents for the treatment of
diabetes in patients with cirrhosis and is thus often considered as first-line therapy in the case of
moderately to severely impaired liver function. However, the recommendations are to monitor
glucose and to adjust insulin doses regularly to limit the risk of hypo- and hyperglycaemia. The newer
short- and long-acting insulins should be preferred over the older insulins in patients with cirrhosis

because their pharmacokinetic properties are not altered despite impaired liver function [14].

33. Insulin can be used in any patient with cirrhosis regardless of the level of liver function
impairment.

34. Insulin titration needs to be monitored regularly in patients with cirrhosis to reduce the risk of
hypoglycaemia.

35. The recommended insulin regimen in patients with cirrhosis comprises basal insulin alone or
combined with prandial insulin.

36. For prandial insulin, fast-acting insulin analogues have unaltered pharmacokinetic properties
in patients with cirrhosis and should therefore be preferred to regular rapid insulin in order to

reduce the risk of hypoglycaemia.

MANAGEMENT OF OBESITY, MALNUTRITION AND SARCOPAENIA IN PATIENTS WITH CIRRHOSIS
AND TYPE 2 DIABETES MELLITUS

Very few studies have been conducted specifically in patients with T2DM and cirrhosis (particularly in

patients with a cirrhotic NASH) regarding the management of overweight/obesity or malnutrition

(used here with the significance of “undernutrition”).
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Management of obesity in patients with cirrhosis and preserved liver function without
malnutrition or sarcopaenia

In patients with cirrhosis who are overweight/obese, without malnutrition, not sarcopaenic and with
preserved liver function, a management supporting weight loss can be proposed.

Lifestyle modifications. Like what is proposed for patients with NASH, caloric restriction maintaining
carbohydrate intake between 50-65% to avoid iatrogenic hypoglycaemia could be set up. Protein
intake should be carefully monitored to prevent sarcopaenia (at least 1.2-1.5 g/kg/d). The objective
could be to progressively achieve 5-10% loss of total body weight [110]. A Mediterranean diet is
recommended without any alcoholic beverages [111, 112]. Multidisciplinary management is
recommended, combined with physical activity adapted to the patient's capacities, starting with
moderate intensity, and sustained in the long term [113].

Pharmacological approaches. The use of orlistat is not contraindicated in patients with cirrhosis,
however the effects of orlistat on the natural evolution of liver pathology remain to be specified. The
efficacy and tolerance of other treatments remain to be evaluated [114].

Bariatric procedures. Bariatric surgery is an effective treatment for NASH [115]. A French clinical trial
is underway to evaluate its use in patients with advanced liver fibrosis (NCT03472157). Preliminary
data indicate promising results among hyper-selected patients (Child-Pugh score A5, without portal
hypertension proven by invasive portal pressure measurement) [116]. A new and interesting
approach is bariatric endoscopy. Intragastric balloons do not seem to be contraindicated in the
absence of endoscopic signs of severe portal hypertension. However, the specific long-term effects
on the natural evolution of disease remain to be clarified in high-quality studies [117]. The efficacy
and tolerability of other procedures of bariatric endoscopy seem promising but so far unevaluated

[118].

37. In patients with cirrhosis and preserved liver function, the same non-pharmacological
approaches (personalised diet and physical activity) as for those in patients without cirrhosis
could be recommended for reducing overweight/obesity and to control diabetes. Adequate
protein intake (at least 1.2-1.5g protein per kg ideal body weight/day) should be maintained
to achieve weight loss without compromising lean mass.

38. In patients with cirrhosis and preserved liver function and without portal hypertension,
bariatric procedures (surgery and the emerging bariatric endoscopy) seem promising but
further studies are needed. Such procedures for highly selected patients require an expert

multidisciplinary team.
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Diagnosis of malnutrition in patients with cirrhosis

The major challenge in patients with cirrhosis is screening for malnutrition or sarcopaenia (loss of
skeletal muscle mass and strength). Sarcopaenia can be seen even in overweight or obese patients
("sarcopaenic obesity"). Several works have reported an increased prevalence of sarcopaenia in
overweight or obese patients with NASH [119, 120]. Most patients with moderately/severely liver
function, and some with preserved/slightly impaired liver function, suffer from or are at risk of
malnutrition. The prevalence of malnutrition in patients with cirrhosis and hospitalised or awaiting
liver transplantation is close to 50%. It is recommended for malnutrition to be systematically
screened and evaluated at each consultation and hospitalisation, and to be documented in patients’
files (Figure 1). The current assessment of the prognosis of patients with cirrhosis using the Child-
Pugh and MELD scores is incomplete and should also consider nutritional status. The frailty often
associated with malnutrition in patients with cirrhosis can be assessed by simple tests in clinical
practice, such as the Liver Frailty Index (online calculator available at
https://liverfrailtyindex.ucsf.edu/). This test improves the prediction of mortality in patients with

cirrhosis, independently of Child-Pugh and MELD scores [121].

In the absence of specific diagnostic criteria, classical malnutrition screening and diagnostic tests can
be used in patients with cirrhosis. These tests include recent involuntary weight loss, body mass
index <18.5 kg/m? or quantified reduction in muscle mass and/or function assessed by
dynamometer, walking speed, computed tomography assessing the psoas muscle surface area in L3,
impedance analysis or dual-energy X-ray absorptiometry (DEXA) [120, 122]. However, these tests
remain invalidated in patients with cirrhosis and T2DM. Criteria based on weight, body mass index
and serum albumin can be applied in the case of preserved liver function (Figure 1). Such criteria are
much more difficult to interpret in case of impaired liver function, especially due to
hypoalbuminaemia and/or fluid variations related to ascites or oedema [120]. Subjective Global
Assessment is rarely used in routine practice because of its length and complexity, but is used in
clinical research [112]. For routine practice, mid-arm muscle circumference and grip strength appear

to be the best parameters for nutritional assessment and frailty in patients with cirrhosis.

39. Malnutrition is common in patients with cirrhosis and increases with impaired liver function.
Sarcopaenia is an independent prognostic factor of mortality in this population and should
therefore be assessed.

40. There is neither a specific definition for malnutrition nor specific diagnostic tools for

sarcopaenia in patients with cirrhosis and diabetes. Diagnosis of malnutrition may be difficult
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in patients with cirrhosis and impaired liver function because of fluid variations (ascites,
oedema) or in the case of sarcopaenic obesity.

41. Mid-arm muscle circumference and grip test show convincing results for sarcopaenia
screening. Reported dietary intake, frailty scales and global assessment tools can be used to
complete evaluation. Computed tomography assessing the psoas muscle area in L3 seems the
most relevant test for confirming sarcopaenia. However, further validation of these tools in

the specific population of patients with cirrhosis and diabetes is needed.

Nutritional management of patients with cirrhosis and malnutrition or sarcopaenia
Recommendations for the management of patients with cirrhosis, diabetes and malnutrition or
sarcopenia are similar to those for patients suffering from malnutrition in general (Table S4; see
supplementary materials associated with this article on line) [111, 112, 120]. In case of sarcopaenic
obesity, sarcopaenia management is the priority. Nutritional care should be multidisciplinary and
developed after assessment of nutritional status, protein-energy requirements, ingesta and digestive
system functionality, with individualised nutritional goals. Physical activity is recommended. Protein
intakes should not be decreased in cases of hepatic encephalopathy. Fasting periods should be
limited and the consumption of 3-5 food intakes and a "late evening snack" is recommended [123].
Micronutrient and branched-chain amino-acid supplementation can be systematic [124].

Oral nutritional supplements can be proposed for achieving caloric objectives, favouring high energy
density or non-liquid forms. There are currently no studies available on the value of sweetened forms
of oral nutritional supplements in these patients. Enteral nutrition must be initiated in case of
contraindication or insufficiency of oral nutrition. A flexible silicone enteral feeding tube (10 French
gauge) is preferable. The presence of oesophageal varices is not a contraindication for enteral
nutrition [112, 123]. The usual prophylactic measures for avoiding the occurrence of digestive
haemorrhage due to portal hypertension should be applied. Hyper-caloric enteral nutrition mixtures
are preferred. Parenteral nutrition should only be used in case of a non-functioning digestive tract,
administered through a central venous catheter. Its prescription must be limited in time or
forwarded to an expert centre in case of duration >3 months. It must be systematically associated
with an infusion of vitamins and trace elements. Mixtures with the highest concentration of
macronutrients are preferred.

Regarding insulin therapy, the preference in the case of enteral nutrition is subcutaneous insulin with
one injection Neutral Protamine Hagedorn (NPH) or insulin premix per enteral nutrition bag,
depending on the duration of the nutrition bag. In case of parenteral nutrition, rapid insulin should

be injected directly into the parenteral nutrition bag to reduce the risk of hypoglycaemia as much as
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possible. Glycaemic targets during artificial nutrition should be adapted to the patient's condition. A

blood glucose level between 1.5-2.0 g/l is acceptable [125].

42. In patients with cirrhosis and malnutrition or sarcopaenia, nutritional supplementation should
be initiated. The strategy of nutritional supplementation (oral, enteral or parenteral) should
follow the same rules as for patients without cirrhosis.

43. Nocturnal fasting can be reduced by a "late evening snack" to promote protein synthesis and
reduce the state of accelerated starvation.

44. Regular follow-up of blood glucose and insulin titration is recommended to avoid

hyper/hypoglycaemia.

CONCLUSION

T2DM is difficult to manage in patients with cirrhosis and this complex clinical situation will become
increasingly frequent with the rising burden of NAFLD. Minimal information is available in the
literature with respect to how to diagnose T2DM, how to monitor glycaemic control (Table IV) and
which treatments can be used in patients with cirrhosis (Table V). T2DM can be managed in patients
with cirrhosis and preserved liver function in the same way as in non-cirrhotic patients according to
ADA and EASD guidelines. On the other hand, data regarding T2DM management in patients with
cirrhosis and impaired liver function remain sparse. Several issues remain unsolved in this field and

further studies are needed to address these unmet needs (Table VI).

Appendix supplementary material
Supplementary materials (Tables S1-S4) associated with this article can be found at

http://www.scincedirect.com at doi . . .

25




REFERENCES

(1]
(2]
3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]
(14]
[15]

[16]

(17]

Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver diseases in the world. J Hepatol
2019;70:151-71.

Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes mellitus and its
complications. Nat Rev Endocrinol 2018;14:88-98.

Lee WG, Wells Cl, McCall JL, Murphy R, Plank LD. Prevalence of diabetes in liver cirrhosis: A
systematic review and meta-analysis. Diabetes Metab Res Rev 2019;35:e3157.

Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The global
epidemiology of NAFLD and NASH in patients with type 2 diabetes: A systematic review and
meta-analysis. J Hepatol 2019;71:793-801.

Younossi ZM, Stepanova M, Afendy M, Fang Y, Younossi Y, Mir H, et al. Changes in the
prevalence of the most common causes of chronic liver diseases in the United States from
1988 to 2008. Clin Gastroenterol Hepatol 2011;9:524-30.

Estes C, Anstee QM, Arias-Loste MT, Bantel H, Bellentani S, Caballeria J, et al. Modeling
NAFLD disease burden in China, France, Germany, Italy, Japan, Spain, United Kingdom, and
United States for the period 2016-2030. J Hepatol 2018;69:896-904.

Garcia-Compean D, Jaquez-Quintana JO, Gonzalez-Gonzalez JA, Maldonado-Garza H. Liver
cirrhosis and diabetes: risk factors, pathophysiology, clinical implications and management.
World J Gastroenterol 2009;15:280-8.

Nielsen MF, Caumo A, Aagaard NK, Chandramouli V, Schumann WC, Landau BR, et al.
Contribution of defects in glucose uptake to carbohydrate intolerance in liver cirrhosis:
assessment during physiological glucose and insulin concentrations. Am J Physiol
Gastrointest Liver Physiol 2005;288:G1135-43.

Garcia-Compean D, Jaquez-Quintana JO, Lavalle-Gonzalez FJ, Reyes-Cabello E, Gonzalez-
Gonzalez JA, Muiioz-Espinosa LE, et al. The prevalence and clinical characteristics of glucose
metabolism disorders in patients with liver cirrhosis. A prospective study. Ann Hepatol
2012;11:240-8.

Zein NN, Abdulkarim AS, Wiesner RH, Egan KS, Persing DH, et al. Prevalence of diabetes
mellitus in patients with end-stage liver cirrhosis due to hepatitis C, alcohol, or cholestatic
disease. J Hepatol 2000;32:209-17.

Petit JM, Hamza S, Rollot F, Sigoney V, Crevisy E, Duvillard L, et al. Impact of liver disease
severity and etiology on the occurrence of diabetes mellitus in patients with liver cirrhosis.
Acta diabetologica 2014;51:455-60.

Marselli L, De Simone P, Morganti R, Coletti L, Carria P, Catalano G, et al. Frequency and
characteristics of diabetes in 300 pre-liver transplant patients. Nutr Metab Cardiovasc Dis
2016;26:441-2.

Bianchi G, Marchesini G, Zoli M, Bugianesi E, Fabbri A, Pisi E. Prognostic significance of
diabetes in patients with cirrhosis. Hepatology 1994;20(1 Pt 1):119-25.

Holstein A, Hinze S, Thiessen E, Plaschke A, Egberts EH. Clinical implications of hepatogenous
diabetes in liver cirrhosis. ] Gastroenterol Hepatol 2002;17:677-81.

Nishida T, Tsuji S, Tsujii M, Arimitsu S, Haruna Y, Imano E, et al. Oral glucose tolerance test
predicts prognosis of patients with liver cirrhosis. Am J Gastroenterol 2006;101:70-5.
Vilar-Gomez E, Calzadilla-Bertot L, Wong VW, Castellanos M, Aller-de la Fuente R, Eslam M,
et al. Type 2 diabetes and metformin use associate with outcomes of patients with
nonalcoholic steatohepatitis-related, child-pugh a cirrhosis. Clin Gastroenterol Hepatol 2021;
19:136-45.

Bertot LC, Jeffrey GP, de Boer B, MacQuillan G, Garas G, Chin J, et al. Diabetes impacts
prediction of cirrhosis and prognosis by non-invasive fibrosis models in non-alcoholic fatty
liver disease. Liver Int 2018;38:1793-802.

26



(18]

(19]
[20]

[21]

(22]

(23]

(24]

[25]

[26]

(27]
(28]
[29]
(30]
(31]
(32]

(33]

(34]

(35]

(36]

(37]

Roulot D, Roudot-Thoraval F, NKontchou G, Kouacou N, Costes JL, Elourimi G, et al.
Concomitant screening for liver fibrosis and steatosis in French type 2 diabetic patients using
Fibroscan. Liver Int 2017;37:1897-906.

Orsi E, Grancini V, Menini S, Aghemo A, Pugliese G. Hepatogenous diabetes: Is it time to
separate it from type 2 diabetes? Liver Int 2017;37:950-62.

American Diabetes A. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care
in Diabetes-2020. Diabetes Care 2020;43(Suppl 1):514-S31.

Aparisi L, Sabater L, Del-Olmo J, Sastre J, Serra MA, Campello R, et al. Does an association
exist between chronic pancreatitis and liver cirrhosis in alcoholic subjects? World J
Gastroenterol 2008;14:6171-9.

Elkrief L, Chouinard P, Bendersky N, Hajage D, Larroque B, Babany G, et al. Diabetes mellitus
is an independent prognostic factor for major liver-related outcomes in patients with
cirrhosis and chronic hepatitis C. Hepatology 2014;60:823-31.

Garcia-Compean D, Jaquez-Quintana JO, Lavalle-Gonzalez FJ, Gonzalez-Gonzalez JA, Muioz-
Espinosa LE, Villarreal-Perez JZ, et al. Subclinical abnormal glucose tolerance is a predictor of
death in liver cirrhosis. World J Gastroenterol 2014;20:7011-8.

Calzadilla-Bertot L, Vilar-Gomez E, Torres-Gonzalez A, Socias-Lopez M, Diago M, Adams LA, et
al. Impaired glucose metabolism increases risk of hepatic decompensation and death in
patients with compensated hepatitis C virus-related cirrhosis. Dig Liver Dis 2016;48:283-90.
Ahn SB, Powell EE, Russell A, Hartel G, Irvine KM, Moser C, et al. Type 2 diabetes: a risk factor
for hospital readmissions and mortality in Australian patients with cirrhosis. Hepatol
Commun 2020;4:1279-92.

Quintana JO, Garcia-Compean D, Gonzalez JA, Villarreal Pérez JZ, Lavalle Gonzalez FJ, Munoz
Espinosa LE, et al. The impact of diabetes mellitus in mortality of patients with compensated
liver cirrhosis-a prospective study. Ann Hepatol 2011;10:56-62.

Moreau R, Delegue P, Pessione F, Hillaire S, Durand F, Lebrec D, et al. Clinical characteristics
and outcome of patients with cirrhosis and refractory ascites. Liver Int 2004;24:457-64.

Goh GB, Pan A, Chow WC, Yuan JM, Koh WP. Association between diabetes mellitus and
cirrhosis mortality: the Singapore Chinese Health Study. Liver Int 2017;37:251-8.

Imano E, Nishida T, Shibata M, Kanda T. Significance of oral glucose tolerance test for the
diagnosis of diabetes mellitus in patients with liver cirrhosis. Intern Med 1999;38:918.
Nishida T. Diagnosis and clinical implications of diabetes in liver cirrhosis: a focus on the oral
glucose tolerance test. J Endocr Soc 2017;1:886-96.

Inada S, Koga M. Alcohol consumption reduces HbAlc and glycated albumin concentrations
but not 1,5-anhydroglucitol. Ann Clin Biochem 2017;54:631-5.

Bulke C, Gondolf C, Grandhomme F, Allouche S. Which are the significance of low level of
glycated hemoglobin Alc? Ann Biol Clin (PAris) 2018;76:531-6.

Lahousen T, Hegenbarth K, llle R, Lipp RW, Krause R, Little RR, et al. Determination of
glycated hemoglobin in patients with advanced liver disease. World J Gastroenterol
2004;10:2284-6.

Trenti T, Cristani A, Cioni G, Pentore R, Mussini C, Ventura E. Fructosamine and glycated
hemoglobin as indices of glycemic control in patients with liver cirrhosis. Ric Clin Lab
1990;20:261-7.

Addepally NS, George N, Martinez-Macias R, Garcia-Saenz-de-Sicilia M, Kim WR, Duarte-Rojo
A. Hemoglobin Alc has suboptimal performance to diagnose and monitor diabetes mellitus
in patients with cirrhosis. Dig Dis Sci 2018;63:3498-508.

Panzer S, Kronik G, Lechner K, Bettelheim P, Neumann E, Dudczak R. Glycosylated
hemoglobins (GHb): an index of red cell survival. Blood 1982;59:1348-50.

Honda F, Hiramatsu A, Hyogo H, Aikata H, Daijo K, Teraoka Y, et al. Evaluation of glycemic
variability in chronic liver disease patients with type 2 diabetes mellitus using continuous
glucose monitoring. PLoS One 2018;13:e0195028.

27



(38]
(39]
[40]

[41]

[42]

(43]

[44]

[45]

[46]
[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

(56]

Nadelson J, Satapathy SK, Nair S. Glycated hemoglobin levels in patients with
decompensated cirrhosis. Int J Endocrinol 2016;2016:8390210.

Blendea MC, Thompson MJ, Malkani S. Diabetes and chronic liver disease: etiology and
pitfalls in monitoring. Clin Diabetes 2010;28:139-44.

Owen OE, Trapp VE, Reichard GA, Mozzoli MA,Moctezuma J, Paul P, et al. Nature and
quantity of fuels consumed in patients with alcoholic cirrhosis. J Clin Invest 1983;72:1821-32.
Costa D, Lourenco J, Monteiro AM, Castro B, Oliveira P, Tinoco MC, et al. Clinical
performance of flash glucose monitoring system in patients with liver cirrhosis and diabetes
mellitus. Sci Rep 2020;10:7460.

Sonoda N, Morimoto A, Ugi S, Morino K, Sekine O, Nemoto KI, et al. Predictors for mild and
severe hypoglycemia in insulin-treated Japanese diabetic patients. PLoS One
2015;10:e0130584.

Burge MR, Zeise TM, Sobhy TA, Rassam AG, Shade DS. Low-dose ethanol predisposes elderly
fasted patients with type 2 diabetes to sulfonylurea-induced low blood glucose. Diabetes
Care 1999;22:2037-43.

Pietraszek A, Gregersen S, Hermansen K. Alcohol and type 2 diabetes. A review. Nutr Metab
Cardiovasc Dis 2010;20:366-75.

Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, et al. 2019 Update to:
management of hyperglycemia in type 2 diabetes, 2018. A Consensus Report by the
American Diabetes Association (ADA) and the European Association for the Study of Diabetes
(EASD). Diabetes Care 2020;43:487-93.

Graham GG, Punt J, Arora M, Day RO, Doogue MP, Duong JK, et al. Clinical pharmacokinetics
of metformin. Clin Pharmacokinet 2011;50:81-98.

Scheen AJ. Pharmacokinetic and toxicological considerations for the treatment of diabetes in
patients with liver disease. Expert Opin Drug Metab Toxicol 2014;10:839-57.

Barbero-Becerra VJ, Santiago-Hernandez JJ, Villegas-Lopez FA, Mendez-Sanchez N, Uribe M,
chavez-Tapia NC. Mechanisms involved in the protective effects of metformin against
nonalcoholic fatty liver disease. Curr Med Chem 2012;19:2918-23.

Lalau JD. Lactic acidosis induced by metformin: incidence, management and prevention. Drug
Saf 2010;33:727-40.

Chen HP, Shieh JJ, Chang CC, Chen TT, Lin JT, Wu MS, et al. Metformin decreases
hepatocellular carcinoma risk in a dose-dependent manner: population-based and in vitro
studies. Gut 2013;62:606-15.

Tseng CH. Metformin and risk of hepatocellular carcinoma in patients with type 2 diabetes.
Liver Int 2018;38:2018-27.

Zhang X, Harmsen WS, Mettler TA, Kim WR, Roberts RO, Therneau TM, et al. Continuation of
metformin use after a diagnosis of cirrhosis significantly improves survival of patients with
diabetes. Hepatology 2014;60:2008-16.

Ampuero J, Ranchal I, Nunez D, Diaz-Herrero M, Maraver M, del Campo JA, et al. Metformin
inhibits glutaminase activity and protects against hepatic encephalopathy. PLoS One
2012;7:e49279.

Nkontchou G, Cosson E, Aout M, Mahmoudi A, Bourcier V, Charif I, et al. Impact of
metformin on the prognosis of cirrhosis induced by viral hepatitis C in diabetic patients. J Clin
Endocrinol Metab 2011;96:2601-8.

Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Anti-diabetic medications and the risk of
hepatocellular cancer: a systematic review and meta-analysis. Am J Gastroenterol
2013;108:881-91; quiz 92.

Donadon V, Balbi M, Mas MD, Casarin P, Zanette G. Metformin and reduced risk of
hepatocellular carcinoma in diabetic patients with chronic liver disease. Liver Int
2010;30:750-8.

28



(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

[70]
[71]
[72]

(73]

[74]
[75]

[76]

Loomba R. Rationale for conducting a randomized trial to examine the efficacy of metformin
in improving survival in cirrhosis: pleiotropic effects hypothesis. Hepatology 2014;60:1818-
22,

Vilar-Gomez E, Vuppalanchi R, Desai AP, Gawrieh S, Ghabril M, Saxena R, et al. Long-term
metformin use may improve clinical outcomes in diabetic patients with non-alcoholic
steatohepatitis and bridging fibrosis or compensated cirrhosis. Aliment Pharmacol Ther
2019;50:317-28.

Gangopadhyay KK, Singh P. Consensus statement on dose modifications of antidiabetic
agents in patients with hepatic impairment. Indian J Endocrinol Metab 2017;21:341-54.
Cariou B, Charbonnel B, Staels B. Thiazolidinediones and PPARgamma agonists: time for a
reassessment. Trends Endocrinol Metab 2012;23:205-15.

Musso G, Cassader M, Paschetta E, Gambino R. Thiazolidinediones and advanced liver
fibrosis in nonalcoholic steatohepatitis: a meta-analysis. JAMA Intern Med 2017;177:633-40.
Jaakkola T, Laitila J, Neuvonen PJ, Backman JT. Pioglitazone is metabolised by CYP2C8 and
CYP3A4 in vitro: potential for interactions with CYP2C8 inhibitors. Basic Clin Pharmacol
Toxicol 2006;99:44-51.

Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-Lopez C, et al. Long-term pioglitazone
treatment for patients with nonalcoholic steatohepatitis and prediabetes or type 2 diabetes
mellitus: a randomized trial. Ann Intern Med 2016;165:305-15.

Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM, et al. Pioglitazone,
vitamin E, or placebo for nonalcoholic steatohepatitis. N Engl ] Med 2010;362:1675-85.

Aithal GP, Thomas JA, Kaye PV, Lawson A, Ryder SD, Spendlove |, et al. Randomized, placebo-
controlled trial of pioglitazone in nondiabetic subjects with nonalcoholic steatohepatitis.
Gastroenterology 2008;135:1176-84.

Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, et al. A placebo-controlled trial
of pioglitazone in subjects with nonalcoholic steatohepatitis. N Engl J Med 2006;355:2297-
307.

Sanyal AJ, Mofrad PS, Contos MJ, Sargeant C, Luketic VA, Sterling RK, et al. A pilot study of
vitamin E versus vitamin E and pioglitazone for the treatment of nonalcoholic steatohepatitis.
Clin Gastroenterol Hepatol 2004;2:1107-15.

Kawamori R, Kadowaki T, Onji M, Seino Y, Akanuma Y, Practical Study Group. Hepatic safety
profile and glycemic control of pioglitazone in more than 20,000 patients with type 2
diabetes mellitus: postmarketing surveillance study in Japan. Diabetes Res Clin Pract
2007;76:229-35.

Yen FS, Wei JC, Chiu LT, Hsu CC, Hou MC, Hwu CM. Thiazolidinediones were associated with
higher risk of cardiovascular events in patients with type 2 diabetes and cirrhosis. Liver Int
2021;41:110-22.

Pearson JG. Pharmacokinetics of glyburide. Am J Med 1985;79:67-71.

Feldman JM. Glyburide: a second-generation sulfonylurea hypoglycemic agent. History,
chemistry, metabolism, pharmacokinetics, clinical use and adverse effects. Pharmacotherapy
1985;5:43-62.

Rosenkranz B. Pharmacokinetic basis for the safety of glimepiride in risk groups of NIDDM
patients. Horm Metab Res 1996;28:434-9.

Elliot DJ, Suharjono, Lewis BC, Gillam EMJ, Birkett DJ, Gross AS, et al. Identification of the
human cytochromes P450 catalysing the rate-limiting pathways of gliclazide elimination. Brit
J Clin Pharmacol 2007;64:450-7.

Lebovitz HE. Glipizide: a second-generation sulfonylurea hypoglycemic agent. Pharmacology,
pharmacokinetics and clinical use. Pharmacotherapy 1985;5(:63-77.

Tolman KG, Fonseca V, Dalpiaz A, Tan MH. Spectrum of liver disease in type 2 diabetes and
management of patients with diabetes and liver disease. Diabetes Care 2007;30:734-43.
Scott LJ. Repaglinide: a review of its use in type 2 diabetes mellitus. Drugs 2012;72:249-72.

29



[77]
(78]
[79]
(80]
(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

(90]

[91]

[92]

(93]

[94]

[95]

[96]

McLeod JF. Clinical pharmacokinetics of nateglinide: a rapidly-absorbed, short-acting
insulinotropic agent. Clin Pharmacokinet 2004;43:97-120.

Hatorp V, Walther KH, Christensen MS, Haug-Pihale G. Single-dose pharmacokinetics of
repaglinide in subjects with chronic liver disease. J Clin Pharmacol 2000;40:142-52.

Nan DN, Hernandez JL, Fernandez-Ayala M, Carrascosa M. Acute hepatotoxicity caused by
repaglinide. Ann Intern Med 2004;141:823.

Lopez-Garcia F, Borras J, Verdu C, Salazar VR, Ruiz JA, Sales J, et al. Cholestatic hepatitis
associated with repaglinide. Diabetes Care 2005;28:752-3.

Choudhury S, Hirschberg Y, Filipek R, Lasseter K, McLeod JF. Single-dose pharmacokinetics of
nateglinide in subjects with hepatic cirrhosis. J Clin Pharmacol 2000;40:634-40.

Migoya EM, Stevens CH, Bergman AJ, Wuo VL, Lasseter KC, Dilzer SC, et al. Effect of
moderate hepatic insufficiency on the pharmacokinetics of sitagliptin. Can J Clin Pharmacol
2009;16:e165-70.

Boulton DW, Li L, Frevert EU, Tang A, Castaneda L, Vachharajani NN, et al. Influence of renal
or hepatic impairment on the pharmacokinetics of saxagliptin. Clin Pharmacokinet
2011;50:253-65.

Graefe-Mody U, Rose P, Retlich S, Ring A, Waldhauser L, Cinca R, et al. Pharmacokinetics of
linagliptin in subjects with hepatic impairment. Br J Clin Pharmacol 2012;74:75-85.

Scheen AJ. Alogliptin: concern about hepatotoxicity? Clin Pharmacokinet 2014;53:1057-9.

He YL, Sabo R, Campestrini J, Wang Y, Ligueros-Saylan M, Lasseter KC, et al. The influence of
hepatic impairment on the pharmacokinetics of the dipeptidyl peptidase IV (DPP-4) inhibitor
vildagliptin. Eur J Clin Pharmacol 2007;63:677-86.

Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2 inhibitors for
primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: a
systematic review and meta-analysis of cardiovascular outcome trials. Lancet 2019;393:31-9.
Scheen AJ. Beneficial effects of SGLT2 inhibitors on fatty liver in type 2 diabetes: A common
comorbidity associated with severe complications. Diabetes Metab 2019;45:213-23.

Scheen AJ. Pharmacokinetics, pharmacodynamics and clinical use of SGLT2 inhibitors in
patients with type 2 diabetes mellitus and chronic kidney disease. Clin Pharmacokinet
2015;54:691-708.

Kasichayanula S, Liu X, Zhang W, Pfister M, LaCreta FP, Boulton DW. Influence of hepatic
impairment on the pharmacokinetics and safety profile of dapagliflozin: an open-label,
parallel-group, single-dose study. Clin Ther 2011;33:1798-808.

Macha S, Rose P, Mattheus M, Cinca R, Pinnetti S, Broedl UC, et al. Pharmacokinetics, safety
and tolerability of empagliflozin, a sodium glucose cotransporter 2 inhibitor, in patients with
hepatic impairment. Diabetes Obes Metab 2014;16:118-23.

Derosa G, Maffioli P. Efficacy and safety profile evaluation of acarbose alone and in
association with other antidiabetic drugs: a systematic review. Clin Ther 2012;34:1221-36.
Holman RR, Coleman RL, Chan JCN, Chiasson JL, Feng H, Ge J, et al. Effects of acarbose on
cardiovascular and diabetes outcomes in patients with coronary heart disease and impaired
glucose tolerance (ACE): a randomised, double-blind, placebo-controlled trial. Lancet
Diabetes Endocrinol 2017;5:877-86.

Zillikens MC, Swart GR, van den Berg JW, Wilson JH. Effects of the glucosidase inhibitor
acarbose in patients with liver cirrhosis. Aliment Pharmacol Ther 1989;3:453-9.

Kihara Y, Ogami Y, Tabaru A, Unoki H, Otsuki M. Safe and effective treatment of diabetes
mellitus associated with chronic liver diseases with an alpha-glucosidase inhibitor, acarbose.
J Gastroenterol 1997;32:777-82.

Gentile S, Turco S, Guarino G, Oliviero B, Annunziata S, Cozzolino D, et al. Effect of treatment
with acarbose and insulin in patients with non-insulin-dependent diabetes mellitus
associated with non-alcoholic liver cirrhosis. Diabetes Obes Metab 2001;3:33-40.

30



[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]
[112]

[113]

[114]

[115]

[116]

Gentile S, Guarino G, Romano M, Alagia IA, Fierro M, Annunziata S, et al. A randomized
controlled trial of acarbose in hepatic encephalopathy. Clin Gastroenterol Hepatol
2005;3:184-91.

Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al. Liraglutide safety and
efficacy in patients with non-alcoholic steatohepatitis (LEAN): a multicentre, double-blind,
randomised, placebo-controlled phase 2 study. Lancet 2016;387:679-90.

Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu V, et al. A placebo-controlled
trial of subcutaneous semaglutide in nonalcoholic steatohepatitis. N Engl J Med 2021;
384:1113-24.

Flint A, Nazzal K, Jagielski P, Hindsberger C, Zdravkovic M. Influence of hepatic impairment on
pharmacokinetics of the human GLP-1 analogue, liraglutide. Br J Clin Pharmacol 2010;70:807-
14,

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/1254690rig1s000Lbl.pdf.
Jensen L, Kupcova V, Arold G, Pettersson J, Hjerpsted JB. Pharmacokinetics and tolerability of
semaglutide in people with hepatic impairment. Diabetes Obes Metab 2018;20:998-1005.
Yoshida T, Ninomiya K, Matsumoto T, Baatar D, Bandoh T, Kitano S. Glucagon and insulin
metabolism in cirrhotic patients. Hepatogastroenterology 1998;45:468-71.

Elkrief L, Rautou PE, Sarin S, Valla D, Paradis V, Moreau R. Diabetes mellitus in patients with
cirrhosis: clinical implications and management. Liver Int 2016;36:936-48.

Holmes G, Galitz L, Hu P, Lyness W. Pharmacokinetics of insulin aspart in obesity, renal
impairment, or hepatic impairment. Br J Clin Pharmacol 2005;60:469-76.

Gentile S, Guarino G, Strollo F, Romano M, Genovese S, Masarone M, et al. Lispro insulin in
people with non-alcoholic liver cirrhosis and type 2 diabetes mellitus. Diabetes Res Clin Pract
2016;113:179-86.

Kannampilly JJ. Role of continuous subcutaneous insulin infusion (insulin pump) in reducing
blood glucose in four patients with type 2 diabetes and cirrhosis: a case series. Diabetes
Technol Ther 2010;12:543-5.

Whyte M, Quaglia A, Hopkins D. Insulin detemir may be less efficacious in patients with
nonalcoholic fatty liver disease and hypertriglyceridemia. Clin Case Rep 2016;4:83-6.

Kupcova V, Arold G, Roepstorff C, Hgjberre M, Klim S, Haahr H. Insulin degludec:
pharmacokinetic properties in subjects with hepatic impairment. Clin Drug Investig
2014;34:127-33.

Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-Oramas B,
Gonzalez-Fabian L, et al. Weight loss through lifestyle modification significantly reduces
features of nonalcoholic steatohepatitis. Gastroenterology 2015;149:367-78 e5; quiz e14-5.
Bischoff SC, Bernal W, Dasarathy S, Merli M, Plank LD, Schiitz T, et al. ESPEN practical
guideline: Clinical nutrition in liver disease. Clin Nutr 2020;39:3533-62.

Plauth M, Bernal W, Dasarathy S, Merli M, Plank LD, Schiitz T, et al. ESPEN guideline on
clinical nutrition in liver disease. Clin Nutr 2019;38:485-521.

Berzigotti A, Albillos A, Villanueva C, Genesca J, Ardevol A, Augustin S, et al. Effects of an
intensive lifestyle intervention program on portal hypertension in patients with cirrhosis and
obesity: The SportDiet study. Hepatology 2017;65:1293-305.

Singh AK, Singh R. Pharmacotherapy in obesity: a systematic review and meta-analysis of
randomized controlled trials of anti-obesity drugs. Expert Rev Clin Pharmacol 2020;13:53-64.
Lassailly G, Caiazzo R, Buob D, Pigeyre M, Verkindt H, Labreuche J, et al. Bariatric surgery
reduces features of nonalcoholic steatohepatitis in  morbidly obese patients.
Gastroenterology 2015;149:379-88; quiz e15-6.

Pais R, Aron Wisnewsky J, Bedossa P, Oppert JM, Siksik JM, Genser L, et al. Persistence of
severe liver fibrosis depsite substantial weight loss with bariatric surgery. Hepatology
2019;70:44A.

31



[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Popov VB, Ou A, Schulman AR, Thomson CC. The impact of intragastric balloons on obesity-
related co-morbidities: a systematic review and meta-analysis. Am J Gastroenterol
2017;112:429-39.

Hajifathalian K, Mehta A, Ang B, Skaf D, Shah SL, Saumoy M, et al. Improvement in insulin
resistance and estimated hepatic steatosis and fibrosis after endoscopic sleeve gastroplasty.
Gastrointest Endosc 2021; 93:1110-8.

Petta S, Ciminnisi S, Di Marco V, Cabibi D, Camma C, Licata A, et al. Sarcopenia is associated
with severe liver fibrosis in patients with non-alcoholic fatty liver disease. Aliment Pharmacol
Ther 2017;45:510-8.

European Association for the Study of the Liver. Electronic address eee, European
Association for the Study of the L. EASL Clinical Practice Guidelines on nutrition in chronic
liver disease. J Hepatol 2019;70:172-93.

Lai JC, Covinsky KE, Dodge JL, Boscardin WJ, Segev DL, Roberts JP, et al. Development of a
novel frailty index to predict mortality in patients with end-stage liver disease. Hepatology
2017;66:564-74.

Kim G, Kang SH, Kim MY, Baik SK. Prognostic value of sarcopenia in patients with liver
cirrhosis: A systematic review and meta-analysis. PLoS One 2017;12:e0186990.

Guo YJ, Tian ZB, Jiang N, Ding XL, Mao T, Jing X. Effects of late evening snack on cirrhotic
patients: a systematic review and meta-analysis. Gastroenterol Res Pract
2018;2018:9189062.

Bunchorntavakul C, Reddy KR. Review article: malnutrition/sarcopenia and frailty in patients
with cirrhosis. Aliment Pharmacol Ther 2020;51:64-77.

Quilliot D, Thibault R, Bachmann P, Guess E, Zéanardin G, Coti-Bertrand P. Traité de Nutrition
Clinique a tous les ages de la vie. 4éme ed Editions de la SNFEP 2016.

32



Figure legend

Figure 1: Nutritional screening and assessment in patients with cirrhosis

Adapted from EASL Clinical Practice Guidelines on nutrition in chronic liver disease. J Hepatol
2019;70:172-193

BMI: body mass index; CT: computed tomographic; DEXA: dual-energy X-ray absorptiometry; BIA:
bioelectrical impedance analysis

*Best screening tools (such as mid-arm muscle circumference and grip test) and their optimal

thresholds must be validated.
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