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Abstract

Type 2 diabetes mellitus is often associated with cirrhosis as comorbidities,

acute illness, medications, and other conditions profoundly alter glucose

metabolism. Both conditions are closely related in NAFLD, the leading cause

of chronic liver disease, and given its rising burden worldwide, management of

type 2 diabetes mellitus in cirrhosis will be an increasingly common dilemma.

Having diabetes increases cirrhosis-related complications, including HCC as

well as overall mortality. In the absence of effective treatments for cirrhosis,

patients with type 2 diabetes mellitus should be systematically screened as early

as possible for NAFLD-related fibrosis/cirrhosis using noninvasive tools, starting

with a FIB-4 index followed by transient elastography, if available. In people with

cirrhosis, an early diagnosis of diabetes is critical for an optimal management

strategy (ie, nutritional goals, and glycemic targets). Diagnosis of diabetes may

be missed if based on A1C in patients with cirrhosis and impaired liver function

(Child-Pugh B–C) as anemia may turn the test unreliable. Clinicians must also

become aware of their high risk of hypoglycemia, especially in decompensated

cirrhosis where insulin is the only therapy. Care should be within multidisciplinary

teams (nutritionists, obesity management teams, endocrinologists, hepatolo-

gists, and others) and take advantage of novel glucose-monitoring devices.

Clinicians should become familiar with the safety and efficacy of diabetes

medications for patients with advanced fibrosis and compensated cirrhosis.

Management is conditioned by whether the patient has either compensated or

decompensated cirrhosis. This review gives an update on the complex

relationship between cirrhosis and type 2 diabetes mellitus, with a focus on its

diagnosis and treatment, and highlights knowledge gaps and future directions.

INTRODUCTION

In patients with cirrhosis, type 2 diabetes mellitus
(T2DM) occurs frequently, most commonly associated
with NAFLD, the leading cause of chronic liver disease

(CLD).[1] T2DM and cirrhosis account for 5 million and
1.2 million deaths worldwide each year, respectively.[2,3]

Diabetes is an independent factor of poor prognosis
in patients with cirrhosis, associated with the occur-
rence of major complications such as ascites,

Abbreviations: cACLD, compensated advanced chronic liver disease; CGM, continuous glucose monitoring; CKD, chronic kidney disease; CLD, chronic liver
disease; CVD, cardiovascular disease; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; QOL, quality of life; T2DM, type 2 diabetes.
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encephalopathy, and infections.[4] Conversely, the
presence of cirrhosis may affect the diagnosis and
management of T2DM. However, cirrhosis is often
diagnosed at a late stage, that is when complications
occur.[5] Early cirrhosis remains undiagnosed in most
patients with T2DM because of low awareness
regarding CLDs among general practitioners and the
lack of a clear referral pathway between clinicians in
primary care or diabetes clinics and liver specialists.[6]

However, this is rapidly changing based on an
increased awareness brought about by recent studies
showing a high prevalence of NAFLD and advanced
liver disease in people with obesity and T2DM in
primary care and diabetes clinics,[7–10] combined with
recent multidisciplinary consensus statements and
clinical practice guidelines that have simplified the
referral strategy.[11–13] Another challenge in the field is
that the definitions of cirrhosis are highly heteroge-
neous through the literature because of limited
data regarding liver function evaluation (preserved
or not)[14] and of the recent introduc-
tion of noninvasive fibrosis tests to define early
cirrhosis.[15,16] Finally, given the rising burden of
NAFLD worldwide,[17] management of T2DM in
patients with cirrhosis is likely to become an increas-
ingly common issue in clinical practice.

In CLD, the progression of fibrosis is the main
prognostic driver, with stages ranging from no or mild
fibrosis (F0–F1) to significant (F2), advanced (F3)
fibrosis, and ultimately cirrhosis (F4). The compen-
sated advanced chronic liver disease (cACLD or F3–
F4) concept has been introduced by the BAVENO VI
consensus[18] to emphasize the continuity of disease
severity over sharp distinction of stages in the course
of CLD. As cirrhosis is a heterogeneous entity with a
wide clinical spectrum, ranging from asymptomatic
patients with normal liver function to end-stage liver
disease with well-known complications (ascites, HE,
gastrointestinal bleeding, and jaundice), it is important
to clarify for the readers the definitions used in the
present review. “Compensated” cirrhosis corresponds
to patients who have never experienced complica-
tions and with normal liver function. “Decompensated”
cirrhosis encompasses a broader clinical spectrum
occurring through 2 distinct pathways: a non-acute
(NAD) and an acute (AD) pathway.[19] NAD decom-
pensation presents as slow development of
ascites or mild grade 1 or 2 HE, or jaundice, not
requiring hospitalization, whereas AD decompensa-
tion presents as grade 2 or 3 ascites, acute HE,
gastrointestinal bleeding, and any type of acute
bacterial infection in patients, who previously experi-
enced decompensation.

The present review is aimed at providing an update
on the relationships between cirrhosis and diabetes,
with a focus on the diagnosis and management of
diabetes in patients with cirrhosis.

EPIDEMIOLOGY AND IMPACT OF
DIABETES IN PATIENTS WITH
CIRRHOSIS

Prevalence and risk factors of diabetes in
cirrhosis

A recent systematic review, based on 58 studies in 9705
patients with cirrhosis, reported an overall prevalence of
diabetes of 30.7% (95% CI: 27.9–33.5).[20] Interestingly,
the highest prevalence of diabetes was observed in
patients with NAFLD (56%) and cryptogenic cirrhosis
(51%) as compared with those with HCV (32%) or
alcoholic cirrhosis (27%).[20] Factors associated with the
presence of T2DM were age, overweight, and a family
history of T2D.[21]

Prevalence and risk factors for cirrhosis in
diabetes

The data on the prevalence of cirrhosis among patients
with diabetes is limited and mainly based on NAFLD as
the etiology. Among 248 patients with biopsy-proven
NAFLD, a significantly higher prevalence of cirrhosis was
observed in patients with diabetes (28%) compared with
patients without diabetes (6%).[22] In a recent meta-
analysis of 7 studies that included 439 patients with
T2DM and biopsy-proven NAFLD, the prevalence of
advanced fibrosis and cirrhosis was 17% (95% CI:
7.2–34.8).[1] Small sample cohorts and heterogeneity
between studies have made it difficult to extrapolate
these results to other populations. However, these
findings are consistent with several recent reports that
the prevalence of advanced fibrosis in patients with
T2DM is ~15%–20%,[7,9,23–26] as recently reviewed.[27,28]

It should be stressed that with the exception of one
study,[7] liver biopsies were rarely performed to confirm
the presence of advanced fibrosis. More recently, in a
cohort of 713 outpatients with T2DM systematically
screened for NAFLD referred to a hepatologist, of
whom 330 underwent a liver biopsy, bridging fibro-
sis and cirrhosis were found in 28% and 10%, respec-
tively, despite mild liver test abnormalities.[6] Liver lesions
were independently associated with metabolic syndrome.

Liver-related complications and mortality

Diabetes is associated with the occurrence of major
complications of cirrhosis, including ascites and renal
dysfunction, HE and bacterial infections and higher
mortality.[4] In a prospective community-based cohort of
63,275 patients in Singapore, diabetes was associated
with an increased risk of cirrhosis-related mortality (HR:
2.80; 95%CI: 2.04–3.83), especially for nonviral hepatitis-
related cirrhosis (HR: 3.06; 2.13–4.41).[29] Interestingly, in
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a recent international cohort of 299 patients with biopsy-
proven NASH[30] and compensated cirrhosis followed for
a median of 5 years, having T2DM increased about
twofold the risk of death (adjusted HR: 4.23; 95% CI:
1.93–9.29) and liver-related outcomes (adjusted HR:
2.03; 95% CI: 1.00–4.11), including HCC (adjusted HR:
5.42; 95% CI: 1.74–16.80). Thus, screening these
patients for HCC using abdominal ultrasound every
6 months is particularly important.[31]

Cirrhosis is a key prognostic marker not only for liver-
related outcomes[32] but also overall mortality.[33,34] The
association of steatohepatitis with cancer offers a
pathophysiological link for a long-time observation that
diabetes is associated with a 2-fold higher risk of HCC
and to extrahepatic cancers.[1,34–37] It has been suggested
that patients with NAFLD cirrhosis have predominantly
liver-related events whereas those with bridging fibrosis
have predominantly nonhepatic cancers and vascular
events.[32] In a recent multicenter prospective study where
1773 patients with NAFLD were followed for a median of
4 years, all-cause mortality increased with increasing
fibrosis stages.[25] Compared with patients with stage F0
to F2, patients with stage F4 disease had higher all-cause
mortality (HR: 3.9; 95% CI: 1.8–8.4) and liver-related
mortality (HR: 12.7; 95% CI: 1.8–88.6). However, the
incidence of cardiac events and nonhepatic cancers were
similar across fibrosis stages. The low number of these
outcomes, small sample size, and short duration of follow-
up may have accounted for its discrepancy with the many
reports suggesting an increased risk of cardiovascular
disease (CVD) in people with NAFLD.[38,39]

CVD in patients with NAFLD and cirrhosis

The leading cause of death in patients with NAFLD is
CVD, followed by extrahepatic malignancy (eg, color-
ectal cancer or breast cancer).[34,36,37] NAFLD has been
linked not only to an increased risk of CVD but to arterial
hypertension,[40] heart failure with preserved ejection
fraction,[41] arterial stiffness and subclinical athero-
sclerosis,[42,43] atrial fibrillation and other cardiac
arrhythmias,[44] and arterial stiffness and aortic valvular
sclerosis.[40,45] People with NAFLD may also have more
CVD given their ~2-fold higher risk of developing
T2DM.[43,46] Advanced fibrosis (stage F3–F4), but not
steatohepatitis, has been reported as a risk factor for
CVD.[47] In a recent nationwide study from Sweden,[48]

NAFLD was associated with a higher risk of nonfatal
cardiovascular events but did not affect after CVD
mortality risk. Patients diagnosed with NAFLD had a
lower life expectancy than the general population.

Paradoxically, although patients with NAFLD usually
have more atherogenic dyslipidemia associated with
insulin resistance,[49] this appears to amend in more
advanced liver disease with the development of cirrhosis
(eg, with lower plasma VLDL, triglycerides, LDL particles

and LDL-C, as well as small dense LDL-C).[50–52] In
contrast, plasma HDL-C levels, as well as lipoprotein
composition and function, have been reported to be
significantly decreased in people with cirrhosis,[53,54] and
be a predictor of future liver-related complications and of
mortality, independent of the model for end-stage liver
disease score (MELD).[54] Recent efforts suggest that
lipidomic profiling may also have prognostic value in
terms of survival in patients with acute decompensation
from cirrhosis.[52] In summary, there are many causes for
increased CVD in late stages of liver disease, but the
specific contribution of changes in lipoprotein metabolism
in their dynamic interaction between “protective” (ie,
decreased atherogenic lipoprotein production in late
cirrhosis) versus proatherogenic (ie, lower and dysfunc-
tional HDL-C) remains incompletely understood.

PATHOPHYSIOLOGY:
INTERACTIONS BETWEEN
DIABETES AND CIRRHOSIS

Impact of cirrhosis on glucose homeostasis

Patients with cirrhosis develop diabetes from defects in
insulin action (eg, insulin resistance at the level of the
liver, skeletal muscle, and adipose tissue) and in
pancreatic β-cell function. Figure 1 summarizes the
many factors at play that may lead to diabetes in
people with cirrhosis. A full understanding of the impact
of cirrhosis on glucose and lipid metabolism is clouded by
the broad spectrum of what is defined as cirrhosis, often
with heterogeneous populations in earlier versus more
recent studies, and even within more contemporary
reports. Early studies have highlighted the major role of
insulin resistance associated with cirrhosis,[55–58] and
although the etiology of cirrhosis played no apparent role,
insulin resistance was often worse with the severity of the
Child-Pugh score and in patients with diabetes compared
with those with prediabetes. Muscle insulin resistance
predominates in patients with prediabetes,[56] but as
hepatic insulin resistance worsens it is associated with
increased rates of hepatic glucose production and rising
fasting and postprandial plasma glucose when diabetes
is fully established.[59] Protein metabolism in response to
insulin is not altered in patients with cirrhosis,[57] with
normal insulin suppression of protein degradation and
stimulation of protein synthesis, in a clear-cut dissociation
between the effects of insulin on protein and glucose
metabolism. In NAFLD, insulin resistance and lipotoxicity
already play a central role in the development of
steatohepatitis and possibly fibrosis,[60] although the
pathways leading to cirrhosis remain poorly understood
in humans. Factors at play that lead to abnormal glucose
metabolism in people with cirrhosis (Figure 1) include
chronic hyperinsulinemia,[56,59] which may cause
downregulation of insulin signaling and decreased
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tissue response to insulin, elevated plasma-free
fatty acids and adipose tissue insulin resistance,[56]

glucotoxicity that affects both insulin secretion and
peripheral glucose metabolism,[55] intercurrent illnesses,
and medications that may impair insulin secretion or
worsen insulin resistance. More recent work has
highlighted the role of impaired insulin secretion in the
development of hyperglycemia in cirrhosis.[61] In the end,
diabetes only develops when there is pancreatic β-cell
failure, with hyperglycemia developing initially in the
postprandial state (ie, impaired glucose tolerance). As in
the early stages of T2DM without liver disease, diabetes
associated with early-stage cirrhosis is often char-
acterized by hyperinsulinemia due to insulin resistance
and postprandial hyperglycemia as maintenance of
normal glucose homeostasis is more difficult in the
more dynamic postprandial state.[62] As insulin secretion
declines over time, glucose homeostasis deteriorates
further with not only postprandial but fasting hyper-
glycemia as well. Of note, restoration of normoglycemia
in people with diabetes following liver transplantation
depends fundamentally on their presurgical pancreatic
insulin secretory reserve, and not so much on other
factors such as age, body mass index, family history of

diabetes, immunosuppressive drugs, or the pathogenesis
of cirrhosis.[58]

CLD as a “cause” for diabetes, or “hepatogenous
diabetes,” has been proposed by some as a unique
entity, when altered liver function in cirrhosis presents
with hyperinsulinemia and often near-normal (or normal)
fasting plasma glucose (FPG) or glycosylated hemoglo-
bin (A1c), but an abnormal response to an oral glucose
tolerance test (OGTT).[63,64] Hyperinsulinemia in cirrhosis
was recognized already in early studies,[56] and now
clearly established as secondary to the combined effect
of severe insulin resistance and reduced peripheral
tissue (largely muscle) insulin clearance. The role of
steatohepatitis and fibrosis on hepatic and peripheral
insulin clearance in NAFLD was carefully examined by
Bril et al.[65] in 190 patients across a broad spectrum of
liver disease, including patients without NAFLD (con-
trols), simple steatosis, and biopsy-proven NASH with
different stages of fibrosis. Compared with healthy
controls, patients with steatohepatitis or simple steatosis
had a similar reduction hepatic insulin clearance of
~30%. The reduction of hepatic insulin clearance was not
associated with the severity of inflammation, ballooning,
or fibrosis but rather with hepatic insulin resistance.[65]

F IGURE 1 Factors that lead to type 2 diabetes mellitus (T2DM) in patients with cirrhosis.
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However, those with severe steatohepatitis compared
with those with simple steatosis had worse hyper-
insulinemia, driven by a reduction in whole-body insulin
(extrahepatic) clearance and more severe adipose tissue
insulin resistance. These results align well with our
current understanding of the pathophysiology of T2DM,
where a combination of muscle and liver insulin
resistance, together with inadequate compensatory
pancreatic β-cell insulin secretion, fails to keep normal
glucose homeostasis.[60] Postulating hepatogenous dia-
betes as a separate entity fails to recognize the many
factors at play in CLD, including genetic predisposition,
metabolic conditions, comorbidities and medications
used in cirrhosis (Figure 1) that worsen insulin secre-
tion and insulin resistance. Cirrhosis appears to
simply “unmask” genetically determined, underlying
abnormal pancreatic β-cell function to the point of
overwhelming its capacity to compensate to the higher
insulin demand. Therefore, the term “hepatogenous
diabetes” should be abandoned as we understand
better today the relationship between insulin resistance,
lipotoxicity and NASH,[66] and the mechanisms
underlying the development of T2DM and pancreatic β-
cell failure.[60,62] Indeed, the American Diabetes
Association (ADA) (and all other diabetes societies)
does not recognize diabetes developing in the course of
cirrhosis as an independent entity.[67]

Role of sarcopenia and myosteatosis

Ectopic fat accumulation in skeletal muscle (myostea-
tosis) and lipotoxicity play a key role in the development
of insulin resistance and is closely associated with
hepatic insulin resistance in individuals genetically
predisposed to T2DM,[68] as well as in obesity, T2DM,
and NAFLD.[66,69–71] It interrelates with sarcopenia,
which is the loss of muscle mass and strength or
performance in aging (primary sarcopenia), but that can
also be associated with sedentary lifestyle, be disease-
related such as in organ failure (heart, lung, liver, other),
malignancy or endocrine disease, or associated with
malnutrition (inadequate dietary intake of energy and/or
protein, as with malabsorption, gastrointestinal disor-
ders).[72] Usually insulin resistance and myosteatosis
precede sarcopenia, but in the clinic it is difficult to
separate the pathophysiological pathways and risk
factors contributing to each of them. The strong
interrelationship of sarcopenia and myosteatosis with
NAFLD suggests that their presence is a disease
modifier that leads to worse outcomes.[73] The detri-
mental effects of sarcopenia are magnified in obesity
and T2DM. Skeletal muscle mass and function are key
determinants of the whole-body insulin-mediated glu-
cose metabolism and impact fatty liver oxidation. Insulin
resistance, lipotoxicity, and accumulation of ectopic fat
as observed in NAFLD affects both the liver and the

skeletal muscle function.[66,74–76] Several studies have
correlated myosteatosis with the severity of liver
injury.[73] It is reported in more than half of patients with
cirrhosis, and has been associated with reduced
survival and increased risk of complications.[77] Data
on the mechanisms by which excess lipid accumulates
within the muscle in individuals with cirrhosis remains
limited. In the setting of obesity, T2DM and insulin
resistance, hyperammonemia, protein malnutrition, end-
organ failure (eg, end-stage liver disease), endocrine
diseases (eg, hypogonadism, growth hormone defi-
ciency, other), and age-associated differentiation of
muscle stem cells into adipocytes have all been also
suggested as potential mechanisms contributing to
myosteatosis.[77]

Mechanisms for the impact of diabetes on
fibrosis progression to cirrhosis

There are common mechanisms of liver fibrogenesis that
may lead to fibrosis progression in patients with
NASH.[78] Activated hepatic stellate cells and portal
myofibroblasts are prime effectors of liver fibrogenesis.
They are characterized by increased proliferation,
migration and contractility, and by a relative resistance
to apoptosis. Activated cholangiocytes, which share
common characteristics with fibrogenic progenitor cells,
emerge with increasing hepatocyte lipoapoptosis and
growth arrest. Apart from an upregulation of the synthesis
and deposition of various extracellular matrix compo-
nents, fibrolysis is compromised by an increased syn-
thesis of TIMP-1 and a decreased production of fibrolytic
matrix metalloproteinases, both by hepatic stellate cells/
myofibrobasts and by KCs/macrophages.

Diabetes, through lipotoxicity and glucotoxicity among
other multiple mechanisms, may contribute to fibrosis
progression and cirrhosis independent of NAFLD by
modulating several key processes implicated in fibro-
genesis, including activation of hepatic stellate cells,
inflammation, apoptosis, angiogenesis, and hepatic
sinusoidal capillarization.[4,78]

Role of dysfunctional adipose tissue and
lipotoxicity

Insulin resistancewith overflow of fatty acids to the liver[79]

and ectopic fat deposition have been a hallmark in the
pathophysiology of NAFLD,[69] and is associated with
increased cellular levels of toxic lipids such as diacylgly-
cerols, ceramides, and long-chain fatty acyl-CoA,[80]

which are also involved in multiple pathways altering
insulin signaling and inflammation.[81,82] Lipotoxicity is
also involved in the pathophysiology of T2DM.[60,68]

Excess flow of FFA to the liver, muscle, and other tissues
promotes mitochondrial dysfunction,[83] and in animal
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models of NASH treatment with a GLP-1RA[84] or
pioglitazone[85] decreases liver triglyceride content
together with that of diacylglycerols and ceramides with
a restoration of hepatic insulin sensitivity and mitochon-
drial function. Activation of inflammatory pathways with
lipotoxicity promotes the activation of hepatic stellate
cells[86,87] that can fuel the progression to NASH and
development of cirrhosis.[60] In insulin-resistant states,
adipose tissue is prone to release pro-inflammatory
cytokines (eg, TNF-α, TGF-β, and IL-6),[88] while deficient
in secreting anti-inflammatory adipokines, such as
adiponectin.[89] Pro-inflammatory cytokines can directly
damage the liver, or act indirectly, by increasing oxidative
stress, hepatocellular damage, liver fibrosis, and tumor
development.

Role of glucotoxicity

Glucotoxicity is a concept first highlighted by Unger and
Grundy in 1985,[90] that initially underscored the
deleterious effect of chronic hyperglycemia on pancre-
atic β-cell insulin secretion. This concept has been more
broadly extrapolated to the impairment of glucose
uptake across a number of tissues and of overall
glucose metabolism with increasing hyperglycemia.
This has been studied extensively in T2DM,[60,91,92]

and is closely associated with lipotoxicity, such that
both contribute to worsen insulin resistance and insulin
secretion. We refer the readers to in-depth reviews on
how glucotoxicity and lipotoxicity synergize in CLD and
in NAFLD to provide the pathophysiological basis for
advanced fibrosis and cirrhosis.[69,82,93–95]

SCREENING FOR NAFLD FOR THE
PREVENTION OF CIRRHOSIS

The prevalence of cirrhosis is expected to rise in the
future with the continuous increase of the dual epidemics
of obesity and T2DM. Both conditions promote the
development of NAFLD, soon to be the most common
cause of cirrhosis worldwide.[1,28] There have recently
been “calls to action” for an early diagnosis of NAFLD
and for screening all patients with T2DM, with multi-
disciplinary efforts for a more proactive approach in the
primary care and diabetes clinic settings,[96–99] as well as
from consensus statements.[11–13,100–103] In 2016, the
EASL-EASD-EASO guidelines[100] recommended that
persons with NAFLD be screened for diabetes. Vice
versa, in patients with T2DM, the presence of NAFLD
should be looked for irrespective of ALT levels given their
high risk of fibrosis. A shift in strategy from case finding to
universal screening is supported by recent studies from
Europe,[25,26] Southeast Asia,[23,24] and in the US[7,9,104]

that suggest that, using transient elastography or serum
biomarkers, about 15%–20% of patients with T2DM may

have advanced fibrosis (F3–F4) or cACLD. In that
respect, liver stiffness, using VCTE, has been shown to
have prognostic value in the context of cACLD and
recommended as a surrogate of HVPG for detecting
clinically significant portal hypertension and monitoring
cirrhosis progression.[105]

A shift from case finding to universal screening is also
supported by the availability of low-cost and widely
available point-of-care tests, such as FIB-4, with high
negative predictive value to rule out cirrhosis[106] and a
strong predictor of future outcomes when elevated.[107,108]

Moreover, a recent elegant study by Noureddin et al.[109]

showed the cost-effectiveness of an approach based on
ALT/AST and transient elastography when combined
with a 1-year lifestyle intervention or pioglitazone treat-
ment. Since 2019, the ADA has recommended that
patients with T2DM (or prediabetes) and elevated ALT or
fatty liver be evaluated for the presence of steatohepatitis
and liver fibrosis and more recently incorporated FIB-4 as
a valuable screening test.[101] With a rapid increase in the
region’s prevalence of diabetes, in 2020 the Latin
American Association for the study of the liver (ALEH)
practice guidance recommended screening for NASH
and liver fibrosis in patients with T2DM.[102] Screening
efforts in primary care have galvanized around clinical
care pathways developed by multidisciplinary teams of
experts from primary care, endocrinology, diabetes,
obesity management, nutritionists, and hepatologists,
aimed at identifying patients for referral to the specialist to
avert future cirrhosis.[12,13,96,99–103,110] Recommendations
supported screening with FIB-4 for all high-risk patients
(ie, with obesity/metabolic syndrome, T2DM, elevated
plasma aminotransferases, and/or steatosis), followed by
transient elastography if the FIB-4 index suggested an
intermediate to high risk of clinically significant fibrosis.
These recommendations are in line with those recently
proposed by the European Association for the Study of
Liver Disease (EASL)[111] and by the first guidelines
tailoring endocrinologists and primary care providers from
the American Association of Clinical Endocrinologists
(AACE).[11] Additional work-up, including commercially
available biomarkers or imaging (ie, MRE, cT1, other),
would be preferably performed by liver specialists
depending on each clinical care setting.[11,16,111]

MANAGEMENT IN CLINICAL
PRACTICE

Diagnosis of diabetes in patients with
compensated cirrhosis

In patients with compensated cirrhosis the diagnosis of
diabetes is similar to people without liver disease
(Figure 2). As discussed earlier, an early diagnosis of
T2DM is needed because it has prognostic
implications[60,61] and gives an opportunity to optimize

DIABETES AND CIRRHOSIS | 2133

Copyright © 2023 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article prohibited.



diabetes care to reduce morbidity and mortality by
preventing or delaying diabetes complications.[3,96]

Irrespective of gender, ethnicity, or geographical location,
studies across the globe suggest that patients having
obesity and diabetes with compensated cirrhosis are on a
path of more rapid disease progression (independent of
the etiology) and the development of liver-related
complications such as bleeding, encephalopathy,
ascites, hospital readmissions, and HCC.[29,112–115]

The ADA classifies diabetes into the following
categories [67]: (a) type 1 diabetes, due to autoimmune
pancreatic β-cell destruction; (b) T2DM, from the
progressive loss of pancreatic β-cell function most often
in the background of IR. As such, what some authors
have called as “hepatogenous” diabetes[63,64] would fall
within this pathophysiological category, in instances
with a “normal” HbA1c due to associated anemia from
hyperesplensim, chronic kidney disease (CKD), or other
comorbidities; (c) gestational diabetes mellitus, devel-
oping in the absence of prior diabetes; and (d) several
widely accepted specific types of diabetes such as
monogenic diabetes syndromes (ie, maturity-onset
diabetes of the young or MODY), exocrine pancreas
diseases (such as cystic fibrosis and chronic pancrea-
titis) and drug-induced diabetes (ie, from glucocorticoids
and other medications, after organ transplantation or
therapy for HIV/AIDS).

As discussed under the pathophysiology of the
disease, patients with cirrhosis develop diabetes from a
combination of insulin resistance and pancreatic β-cell
dysfunction. The diagnosis of T2DM can be done in 4
ways[67]: (a) FPG ≥126 mg/dL or 7.0 mmol/L (fasting
meaning no caloric intake for ≥8 h); (b) 2-hour PG
≥200 mg/dL (11.1 mmol/L) during an OGTT (75 g
anhydrous glucose dissolved in water); (c) A1c ≥6.5%
(48 mmol/mol) using a well-standardized assay; or (d) a
random glucose >200 mg/dL (11.1 mmol/L) with
symptoms of hyperglycemia or hyperglycemic crisis.
The diagnosis of diabetes has its caveats as there may
be discordance between OGTT and A1c, made worse
when there is anemia due to hypersplenism, CKD, or a
host of other comorbidities associated with cirrhosis.[67]

Unless there is a clear clinical diagnosis, the ADA
recommends confirming without delay the diagnosis by
either repeating the initial test or with a different test. All
tests have analytical variability. If discordance, the
abnormal test should be repeated. Consideration should
be given for an A1c assay interference, or that the FPG or
2-hour PG samples remained at room temperature and
not centrifuged promptly, reducing their glucose
concentration.[67] The diagnosis is made on the basis of
the confirmed test. If results are near the normal cutoff,
with no obvious symptoms, testing should be repeated in
3–6 months.

F IGURE 2 Diagnostic and management algorithm for patients with diabetes and cirrhosis. Abbreviations: CKD, chronic kidney disease;
OGTT, oral glucose tolerance test.
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Diabetes will grow as a medical problem so clinicians
must be alert in seeking its diagnosis in the primary care
or liver clinics. In 2017, there were an estimated 451
million people with diabetes worldwide and it is expected
to increase to 693 million by 2045, with about half of all
people living with diabetes being yet undiagnosed.[116] In
Africa, Asia, and South America, the incidence and
prevalence of T2DM are increasing most rapidly.[116]

Diagnosis of diabetes in patients with
decompensated cirrhosis

Moderate to severe anemia in decompensated cirrhosis
with portal hypertension and hypersplenism, often with
CKD and/or hepatorenal syndrome, makes the use of
A1c inadequate as can lead to a falsely lower or “normal”
value. It has been known for a long time that in cirrhosis
there is a state of increased red blood cell turnover from
hypersplenism.[117] Other typical conditions of elevated
red blood cell turnover include hemolytic and other
anemias, recent blood transfusion, glucose-6-phosphate
dehydrogenase deficiency, agents that stimulate eryth-
ropoesis, and CKD. This can give a deceivingly “normal”
A1c level that deserves further investigation. The ADA
recommends that only blood glucose criteria should be
used to diagnose diabetes in patients with conditions
associated with increased red cell turnover.[67,101] In this
clinical setting, an OGTT is considered the optimal test,
although seldom performed in the clinical realm
(Figure 2). Early studies proposed that an OGTT would
allow to better predict the overall prognosis of patients
with liver cirrhosis,[118,119] and even add to the prognostic
value of the Child-Pugh score.[61] However, this awaits to
be systematically tested. It could potentially be of value,
as cirrhosis in people with diabetes has a worse
prognosis, and optimal diabetes management could
improve the quality of life (QOL) or long-term survival.

An OGTT could also be of value to identify patients
with prediabetes, who also are at an increased risk for
both microvascular and macrovascular disease.[120]

Prediabetes is present long before the development of
cirrhosis and likely contributes to poor outcomes in
cirrhosis, but is often overlooked in patients with
NAFLD. It is difficult to give a precise estimate of the
prevalence of prediabetes (or diabetes) in patients with
cirrhosis as other than in research studies; OGTTs are
rarely performed in the outpatient setting.[121] Results
vary depending on the diagnostic methodology used,
population tested (compensated vs. decompensated
cirrhosis), and clinical setting (secondary or tertiary
medical centers), but is estimated to be ~15%–30%.[64]

Nishida[63] reported on 12 studies in a total of 1747
patients with cirrhosis undergoing an OGTT, finding the
prevalence of diabetes to be a 35% and that of impaired
glucose tolerance to be 28%. The presence of impaired
glucose tolerance is not only important as a risk factor

for future diabetes and worse outcomes in cirrhosis, but
is associated with a 2- to 3-fold higher risk of CVD.[122]

CVD contributes significantly to the overall mortality of
patients with cirrhosis.[39]

In a study in 118 patients with NAFLD systematically
screened with an OGTT,[121] the prevalence of predia-
betes was 3-fold higher (p < 0.001) compared with
matched controls without NAFLD. One in 6 patients with
NAFLD had undiagnosed diabetes. This is consistent
with a recent meta-analysis that reported diabetes to be
2-fold higher in the setting of NAFLD.[46] Muscle and liver
insulin sensitivity are usually impaired in patients with
NAFLD with prediabetes providing the pathophysiolog-
ical basis for their high risk of diabetes. It has been
recently estimated that worldwide there are an estimated
374 million people with impaired glucose tolerance and is
projected to increase ~50% by 2045, most living in
low- and middle-income countries.[116] At least in part, the
prevalence of diabetes increases in people with cirrhosis
because insulin resistance becomes more severe with
liver disease progression,[66,123] and may further deteri-
orate in association with acute illness and decompensa-
tions requiring hospitalization.[64,124]

In summary, many patients with cirrhosis have
normal or near-normal FPG levels or A1c, so clinicians
who rely only on the FPG or the gold-standard
hemoglobin A1c levels may often overlook the presence
of diabetes. In this situation, an OGTT is recommended,
in particular should there be a family history of T2DM,
central obesity or other features of the metabolic
syndrome, or a history of in-hospital hyperglycemia
(also known as “stress hyperglycemia”). A shorter and
more practical 1-hour postprandial glucose or continu-
ous glucose monitoring (CGM) may be novel
approaches to test in the future for the diagnosis of
diabetes in this population.[125,126]

Treatment of diabetes in patients with
cirrhosis

Diabetes treatment goals and prevention of
hypoglycemia

The degree of glycemic control for patients with
diabetes should be individualized balancing QOL
versus treatment intensity and potential side effects of
treatment (ie, risk of hypoglycemia). Another factor to
consider is life expectancy from the associated liver and
diabetes complications. Shared physician-patient deci-
sion-making and the patient’s social network must work
together to set clear management goals. This is best
achieved with the development of multidisciplinary
groups that can satisfy the needs of these complex
patients. Assessment of the nutritional and functional
status is also important, even more in the setting of
diabetes and decompensated cirrhosis (Figure 2).
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Diabetes poses unique challenges to patients with
cirrhosis. A major one is the greater risk of hypoglycemia
of patients with cirrhosis. Hypoglycemia is defined as level
1 when the plasma glucose concentration is <70 mg/dL
(3.9 mmol/L) but ≥54 mg/dL (3.0 mmol/L), level 2 when
the plasma glucose concentration is ≤54 mg/dL
(3.0 mmol/L), and level 3 as a severe event characterized
by altered mental and/or physical status requiring
assistance for the treatment of hypoglycemia.[127]

Figure 3 summarizes the many risk factors and
mechanisms at play for hypoglycemia in patients with
cirrhosis, including (a) chronic malnutrition and cachexia,
in particular in decompensated cirrhosis; (b) decreased
hepatocyte mass for gluconeogenesis, also associated
with reduced glycogen stores (worsened bymalnutrition in
advanced cirrhosis stages); (c) sarcopenia, where a
reduction in muscle mass limits the availability of lactate
and key amino acids to support hepatic gluconeogenic
pathways; (d) concomitant comorbidities, such as CHF,
chronic pancreatitis with glucagon deficiency, and acute
or CKD and hepatorenal syndrome. The presence of CKD
predisposes to hypoglycemia as there is reduced renal
clearance of insulin (ie, prolonging the action of both
endogenous and exogenous insulin) and decreased
clearance of hypoglycemic agents (ie, metformin,
sulfonylureas); (e) advanced age, longstanding diabetes
or ammonia buildup, all are associated with cognitive

dysfunction and diminished alertness to warning
symptoms of hypoglycemia; (f) liver-associated comp-
lications, such as volume overload and ascites, that alter
liver and kidney function and the metabolism of oral
antidiabetic and the clearance of insulin; (g) concomitant
medications, such as beta blockers for portal (or systemic)
hypertension or coronary artery disease, that mitigate
adrenergic symptoms of hypoglycemia; and (h) diabetes
itself with its associated complications, such as
hypoglycemia unawareness or severe diabetic
neuropathy, both known to be associated with severe
hypoglycemia and increased mortality.[127] Needless to
say, patients are often onmultiple pharmacological agents
that are metabolized by the hepatic CYP450 system,
which combined with the many factors listed above
creates the ideal conditions for severe hypoglycemia.

Clinicians should educate the patient about the risk
factors described above (summarized in Figure 3) to
develop strategies to prevent hypoglycemia, including
self-monitoring of blood glucose levels and close
monitoring of all medications, particularly when taking
insulin. CGM is an important tool to assess the
effectiveness and safety of treatment, but is
underutilized in this population. Another often forgotten
but valuable tool is educating the patient’s healthcare
providers in the emergency use of glucagon
administration to treat severe hypoglycemia. Family

F IGURE 3 Mechanisms related to the development of hypoglycemia in patients with cirrhosis. Abbreviations: CKD, chronic kidney disease;
T2DM, type 2 diabetes mellitus.
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TABLE 1 Efficacy and safety of diabetes medications in patients with liver disease

Diabetes
medication

Primary mechanism(s) of
glucose-lowering

Expected range of
glucose-loweringa Liver histological effectsb

Use in compensated cirrhosis
[Child-Pugh A (5–6)]c

Use in decompensated
cirrhosis [Child-Pugh B–C

(≥7)]

Metformin Insulin-sensitizer 0.8%–1.2% No effect Caution, monitor for CKD or
hepatorenal syndrome

Avoid due to high risk of comorbid
conditions and lactic acidosis

Sulfonylureas ↑ insulin secretion 0.8%–1.2% Unknown Caution given higher risk of
hypoglycemia with cirrhosis

Avoid due to high risk of
hypoglycemia

Pioglitazone Insulin sensitizer 0.8%–1.2% Improves steatohepatitis.
May improve fibrosis and halt
fibrosis progression

Limited data, use with caution Avoid due to hepatic metabolism
of pioglitazone. Risk for fluid
retention

DPP-IV inhibitors ↑ insulin secretion,
predominantly after meals

0.5%–0.7% Unknown Overall believed safe Avoid due to limited data

SGLT2 inhibitors ↓ renal reabsorption of glucose.
Cardiorenal benefits

0.7%–1.0% Reduce steatosis Overall safe Avoid due to limited data

GLP-1RA ↑ insulin secretion, induction of
satiety and weight loss.
Cardiorenal benefits

0.8%–2.0% Improves steatohepatitis.
May improve fibrosis and halt
fibrosis progression

Overall safe Avoid due to gastrointestinal side
effects

Insulin Suppression of hepatic glucose
production. Stimulation of
muscle glucose uptake

Dose-dependent Reduces steatosis Adjust dosing carefully and
monitor closely given risk of
hypoglycemia

Carefully adjust dosing given very
high risk of hypoglycemia

aGlucose-lowering range has a great variability depending on agent potency within class, duration of diabetes, patient clinical characteristics, and baseline A1c (greater effect if higher).
bThe effects on liver histology have not been examined in paired-biopsy randomized controlled trials except for metformin, pioglitazone, and GLP-1RA. SGLT2 inhibitors reduce steatosis on imaging.
cLimited information overall in patients with cirrhosis, but most diabetes medications are considered safe in early stages (Child-Pugh A), but best avoided in B–C except for insulin.
Abbreviation: CKD, chronic kidney disease.
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members, coworkers, and people taking care of patients
with diabetes and cirrhosis should learn about emergency
glucagon administration. Traditionally, glucagon has been
given as an i.m. injection, but an intranasal formulation of
glucagon is now available.[128] In summary, cliniciansmust
be extremely thoughtful and set realistic targets for
patients with cirrhosis and diabetes. It should be based
on strong patient and healthcare team engagement,
ideally within a multidisciplinary team that includes a
nutritionist and an endocrinologist, shared agreement on
treatment goals (ie, higher A1c targets may be needed to
prevent hypoglycemia), and the utilization of a spectrum of
novel tools to safely reach the glycemic target.

Table 1 summarizes currently available diabetes
agents for the treatment of T2DM, including their safety
and efficacy when used in patients with cirrhosis.
Needless to say, patients with compensated cirrhosis
can bemore safely prescribed oral agents than those with
decompensated disease. For patients with early, stable
cirrhosis, and without anemia or severe comorbidities, the
glycemic targets are the same as for patients without liver
disease. The 2023 ADA guidelines establish as a general
goal an A1C of ≤7.0% (53 mmol/mol) for adults if
achieved without significant hypoglycemia.[127] The A1C
indicates the average glycemia over approximately the
past 3 months. A lower target (≤6.5%) may be
acceptable based on provider judgment and patient
preference, and if it can be achieved safely without
significant hypoglycemia or other adverse effects.
Frequent reassessment and tailoring to changing
clinical situations is needed. A less stringent A1C goals
[such as ≤8.0% (64 mmol/mol)] may be appropriate for
patients with limited life expectancy, or where the harms
of treatment (ie, hypoglycemia-prone diabetes) are
greater than expected benefits. The challenge is that
the liver disease status may be at times difficult to define
precisely. Acute decompensations or intercurrent
illnesses add to the complexity of care. It should be
noted that A1C does not provide a measure of glycemic
variability or hypoglycemia, as is often observed in
patients with cirrhosis with a history of longstanding
T2DM or associated with chronic pancreatitis and severe
insulin deficiency (eg, from alcohol abuse or other
etiologies). In such patients, glycemic control is best
determined by the combination of measuring A1C and
self-monitoring of blood glucose (or use of a CGM).

For patients with decompensated diabetes and
moderate to severe anemia, A1c is not useful (ie, A1c
will appear as “normal” even with significant hyper-
glycemia) and should not be used to monitor therapy.
Plasma fructosamine, a measure of the average plasma
glucose concentration in the past ~3 weeks, may also
underestimate the mean glucose level if liver synthetic
function is impaired.[125] In such clinical setting, therapy
is best guided by the use of preprandial (fasting)
capillary plasma glucose (standard target: 80–130 mg/
dL or 4.4–7.2 mmol/L) and the peak postprandial

capillary plasma glucose (target: ≤ 180 mg/dL or
10.0 mmol/L)[127] together with self-monitoring of blood
glucose or CGM.[125,126]

In the absence of long-term controlled studies, it
remains unclear whether optimal achievement of diabe-
tes glycemic targets may significantly impact the QOL or
improve liver outcomes in CLD, something well estab-
lished to be the case and to reduce diabetic micro-
vascular complications in the general population with
T2DM. The many mechanisms by which hyperglycemia
may alter hepatocyte and stellate cell biology, discussed
above, provides a plausible rationale to seek strict control
of hyperglycemia. The limiting factor remains severe
hypoglycemia. The availability of a number of new agents
to treat diabetes that can be more safely prescribed to
patients is encouraging,[127] although not tested in
decompensated cirrhosis.[11] They have a lower chance
of inducing hypoglycemia than with intensive insulin
therapy, which combined with better means to continu-
ously monitor glycemia in the outpatient setting (ie,
CGMs) make this aspect of care worth testing in future
controlled multicenter trials.

Diet, nutrition, and physical activity

Compensated cirrhosis. The importance of nutrition and
exercise in cirrhosis is increasingly recognized. However,
data regarding the specific management of overweight/
obesity or malnutrition are very limited in patients with
T2DM and cirrhosis. In those with compensated cirrhosis
without malnutrition/sarcopenia, the same lifestyle mod-
ifications can be applied than in patients without cirrhosis.
Alcohol abstinence is encouraged and a 7%–10%weight
loss is the target of most lifestyle interventions associated
with improvement of histology.[11,13,100–103,129] A Medi-
terranean diet without alcohol is the preferred diet with
caloric restriction maintaining carbohydrate intake
between 50% and 65% to avoid iatrogenic hypoglyce-
mia. Protein intake should be carefully monitored to
prevent sarcopenia (at least 1.2–1.5 g/kg/d).[129] As for
physical activity, no clear-cut data is available regarding
the best type of physical exercise (aerobic vs. anaerobic;
endurance vs. resistance/strength training) or its duration
in this population. Like in noncirrhotic patients,
150–200 min/wk of moderate intensity aerobic physical
activities in 3–5 sessions are generally recommended.[11]

Decompensated cirrhosis. Protein energy malnutri-
tion, sarcopenia, and physical inactivity are common in
patients with decompensated cirrhosis and increases
with impaired liver function.[130] Sarcopenia is an inde-
pendent prognostic factor of mortality in decompensated
cirrhosis and should therefore be assessed.[129] Sarco-
penia may be masked by the coexistence of morbid
obesity, which is most notable in patients with NAFLD.
Sarcopenia and obesity have previously been viewed as
separate entities on opposite ends of the spectrum.
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However, sarcopenic obesity, defined as the combina-
tion of sarcopenia and obesity, is observed with increas-
ing frequency in patients with cirrhosis, especially in
those with NASH, because of the coexistence of T2DM
as well as other features of the metabolic syndrome.[131]

Patients with NAFLD and decompensated cirrhosis
should undergo anthropometric measures (handgrip
strength), dry body mass index, and measures of
physical frailty (including muscle function, not just mass)
to enable targeted early interventions. However, lifestyle
interventions and physical activities may be challenging
in patients with decompensated cirrhosis. First, poor
nutritional status contraindicates hypocaloric diets. Sec-
ond, ascites, edema, and fatigue frequently hamper
physical exercise programs.[132] In patients with cirrhosis
and malnutrition or sarcopenia, nutritional supplementa-
tion (oral, enteral, or parenteral) should be initiated by a
multidisciplinary team.[130]

Bariatric surgery

Bariatric surgery is the most effective and durable weight-
loss approach to treat obesity, improve T2DM control,[133]

and reduce major cardiovascular events,[134] including in
patients with NASH.[135] Paired biopsy studies before and
after bariatric surgery have shown substantial improve-
ments in liver histology, including decreased prevalence
of NASH and fibrosis after 1 year[136] and 5 years of
follow-up.[137] Survival benefit with bariatric surgery has
been demonstrated in general patient populations,
although data for improved transplant-free survival in
cirrhosis are lacking.[138] Fibrosis regression may reduce
the risk for complications from CLD, including HCC and
mortality. However, long-term data evaluating the impact
of weight loss–induced improvement in fibrosis and
portal hypertension on liver-related morbidity and mortal-
ity are not currently available.

Although bariatric surgery is considered a safe
procedure with low perioperative mortality rates, ranging
between 0.03% and 0.2%, its safety for patients with
cirrhosis is not well established.[139] The mortality risk of
bariatric surgery in compensated cirrhosis has been
suggested to be slightly higher than in patients without
cirrhosis (0.9% vs. 0.3%, respectively), but significantly
higher in decompensated cirrhosis (16.3%).[138] Several
studies[140–142] have suggested that in well-compensated,
carefully selected obese patients with cirrhosis, bariatric
surgery is overall safe and is associated with only a slight
increase in procedure risk. The higher mortality rate with
compensated cirrhosis may be justified because of the
potential benefits that weight loss could offer to these very
ill patients, but this higher procedure risk needs to be
acknowledged and discussed in a shared-decision
process with potential candidates for surgery.[11,103,138]

Also, the presence of clinically significant portal
hypertension should be evaluated before bariatric

surgery in all patients with cirrhosis. There are several
small series reporting feasibility of bariatric surgery
among patients with clinically significant portal hyper-
tension, with low rates of postoperative mortality or portal
hypertension.[141,143,144] Despite relatively low rates of
complications reported in these case series, perform-
ance of bariatric surgery on patients with evidence of
clinically significant portal hypertension should be
restricted to selected medical centers with experience
and resources for managing complications. Clearly,
further long-term, controlled studies are needed. Finally,
there is no consensus on which bariatric modality is best
suited for patients with cirrhosis.[138,145]

In summary, the risk-to-benefit ratio for bariatric
surgery in individuals with cirrhosis is complex to
determine and is hampered by a lack of randomized
controlled trials. Future studies are needed to establish
the type, safety, and efficacy of bariatric surgery in
people with obesity and established cirrhosis. In expe-
rienced surgical centers, bariatric surgery in patients with
compensated cirrhosis from NASH may be considered
but only on a case-by-case basis. It is not recommended
in patients with decompensated cirrhosis.[11,13,101,103]

More studies are needed to assess the impact and risk-
benefit ratio on diabetes and liver outcomes following
bariatric surgery in patients with diabetes and cirrhosis.

Pharmacotherapy

The pharmacological approach should be divided
between treating patients with diabetes with either
compensated or decompensated cirrhosis. In the early
stages of cirrhosis, management should not fundamen-
tally differ from that of patients without CLD. In contrast,
decompensated cirrhosis can become especially chal-
lenging when associated conditions complicate manage-
ment, such as CKD or hepatorenal syndrome, CVD,
CHF with reduced ejection fraction and edema, portal
hypertension with frank ascites, and hypersplenism with
anemia or recurrent SBP, and obesity-related comorbid-
ities, among others. Careful decision-making will allow the
clinician to navigate the changing circumstances. The
A1c targets should be individualized based on associated
complications, QOL, and life expectancy.

Diabetes medications should be used being fully aware
of the pros/cons of each diabetes medication. Insulin has
been the traditional approach to patients with decom-
pensated cirrhosis. Oral agents should be used with
caution due to the limitations imposed by end-stage liver
disease on the metabolism of each agent. Each sulfony-
lurea is cleared differently, depending on the proportion
metabolized by the hepatocyte CYP450 system (primarily
CYP450:2C9 isoenzyme) or renally excreted. Long-acting
sulfonylureas (with a half-life of 9–10 h) such as glyburide
and glimepiride may pose a greater risk of hypoglycemia,
especially if associated with CKD, as they are significantly
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excreted by the kidney (50% and 60%, respectively).[146]

In contrast, glipizide has a shorter half-life (2–5 h) and is
primarily metabolized in the liver to inactive metabolites
with less that 10% of the intact drug detected in the urine,
making it potentially safer in patients with CLD, especially
if CKD is present,[147] although this has not been system-
atically examined. Overall, the prescription of sulfonylur-
eas has declined significantly in the US because of a
greater risk of hypoglycemia compared with other
antidiabetic agents, along with controversy from epide-
miological studies suggesting an increase in major
cardiovascular events and total mortality,[148] although
not in all studies.[146] Glimepiride seems to be the safest
among sulfonylureas from a cardiovascular perspective,
being overall neutral regarding the risk of cardiovascular
events.[148,149] However, given the many factors promoting
hypoglycemia in people with cirrhosis (Figure 3), including
decreased appetite and cachexia, clinical judgment is
needed if prescribed, but in general sulfonylureas should
be avoided.[150] Finally, when the eGFR < 60 mL/min/
1.73 m2 sulfonylurea use should be definitively
discouraged as they may accumulate and add to their
risk of inducing severe hypoglycemia.[147]

Decreased hepatic lactate clearance and the frequent
risk of cardiorenal complications place patients with
cirrhosis at an increased risk of metformin-associated
lactic acidosis. The biguanide should be used with
caution, or best avoided, in people with Child-Pugh class
B cirrhosis and stage eGFR <60 mL/min/1.73 m2,[151]

while contraindicated in decompensated liver disease
independent of renal function. Of note, some studies have
shown improved outcomes of patients with NASH.[152–154]

One retrospective analysis in patients with diabetes and
compensated cirrhosis from NASH compared outcomes
in 110 users of metformin (mean dose =~1 g/d) versus 81
nonusers. Mean follow-up was ~7 years.[153] During this
time, 28 patients developed HCC (metformin users: 7,
nonusers: 21), and 52 died (metformin users: 7, nonusers:
24) or were transplanted (metformin users: 13, non-users:
13). The investigators concluded that long-term metformin
use was associated with a reduction in the risk of all-cause
mortality and HCC in this population. Of note, the mean
dose of metformin of ~1 g per day used in the study was
about 50% of the usual dose of 2 g per day prescribed in
patients with T2DM in the general population. More
recently, the same group studied an international cohort
(from Australia, Cuba, Hong Kong, and Spain) of 212
patients with T2DM and Child-Pugh A cirrhosis reporting a
significant reduction in the risk of death or liver trans-
plantation, hepatic decompensation, and HCC.[154] Taken
together, while we await future controlled trials to fully
establish the benefit of metformin in people with cirrhosis,
any potential benefit must be balanced with the risk of
harm when prescribing the biguanide in this population.

Among other pharmacological agents to treat diabetes,
there is limited evidence about the safety and efficacy of
agents tested in noncirrhotic NASH, such as DPP4

inhibitors, GLP-1RA, SGLT2 inhibitors, or pioglita-
zone.[11,155] However, safety is considered overall good,
at least in compensated cirrhosis, with minimal risk of
hypoglycemia compared with sulfonylureas or insulin.
Another advantage is that pioglitazone, SGLT2 inhibitors,
and GLP-1RA (except exenatide that is not recom-
mended if eGFR <30 mL/min/1.73 m2) are not cleared
by the kidney and may be used in patients with CLD with
or without CKD. While pioglitazone has been incorpo-
rated into clinical practice guidelines for the treatment of
NASH without cirrhosis,[11,13,99,101,103,110] there is limited
data with pioglitazone in patients with cirrhosis and it must
be avoided in the presence of decompensated cirrhosis
(the drug is metabolized mainly by CYPC28 and to a
lesser extent by CYP3A4), preexisting heart failure, and/
or lower extremity edema. However, pioglitazone seems
to be overall safe from the limited data available in
patients with cirrhosis.[156,157] Of interest, a recent study
evaluating incident cirrhosis in adults aged ≥65 years
suggested that pioglitazone use was associated with
lower incidence of cirrhosis compared with DPP-4
inhibitors, SGLT2i or GLP-1RA,[158] but there is a lack of
long-term controlled studies.

In addition to their well-established cardiorenal bene-
fits and potential to improve steatohepatitis,[98,155] SGLT2
inhibitors may mitigate volume overload and improve
outcomes in patients with advanced cirrhosis.[159] SGLT2
inhibition in the renal proximal tubule promotes both
glycosuria and natriuresis, decreasing renin and angio-
tensin II secretion as well as salt and water retention. This
may restore renal vascular tone (ie, arteriolar dilation and
efferent constriction) and glomerular filtration, eventually
ameliorating renal fibrosis. However, specific renal and
hemodynamic benefits that improve overall survival in
patients with cirrhosis need careful testing. SGLT2
inhibitors seem safe as rates of hepatic decompensation
and mortality were comparable to that expected from
epidemiological studies in a recent observational study in
78 patients with T2DM and predominantly compensated
cirrhosis (50% with NASH) treated for an average
≥2 years.[160] In another observational study, investiga-
tors examined by propensity score-matched intention-to-
treat analysis in 846 patients on metformin who sub-
sequently received either SGLT2i or DPP-4 inhibitors.[161]

Ascites was unchanged, but SGLT2i users had a reduced
risk of death (adjusted HR: 0.33; 95% CI: 0.11–0.99;
p<0.05) compared with DPP-4 inhibitor users. Clearly
long-term controlled studies are needed to assess the
role of SGLT2i in cirrhosis. Finally, while the growing role
of GLP-1RA for the management of NAFLD is evident
from numerous controlled trials,[162] there is limited
evidence for their use in people with cirrhosis. In a recent
preliminary report in 71 patients with T2DM with NASH-
related cirrhosis, although weekly semaglutide at 2.4 mg
for 48 weeks significantly decreased body weight (~9 kg),
plasma aminotransferases and A1c levels (−1.6%), it
failed to improve steatohepatitis or fibrosis compared with
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placebo.[163] However, treatment was well tolerated and
safe, with adverse effects limited to mild-to-moderate
gastrointestinal symptoms.

Insulin is extensively used in patients with cirrhosis but
caution is needed as it is associated with a high risk of
hypoglycemia by means of a number of mechanisms
closely linked to end-stage liver disease (Figure 3), as
discussed earlier. However, long-term studies examining
whether its use improves liver outcomes or survival are
lacking. Indeed, a recent study has suggested a
deleterious effect and questioned the wisdom of using
insulin in people with cirrhosis.[164] The investigators
compared liver-related complications and cardiovascular
events in people with T2DM and compensated liver
cirrhosis followed for a mean of 5.8 years treated with
insulin (n=2047) and propensity score–matched non-
users (n=4094) from Taiwan’s National Health Insurance
Research Database. In addition to hypoglycemia being
3.3-fold greater in users versus nonusers of insulin, HRs
of all-cause mortality, HCC, decompensated cirrhosis,
hepatic failure, and major cardiovascular events were
18%–53% higher. These provocative findings call for
long-term studies in patients with compensated liver
cirrhosis to evaluate major outcomes with intensive insulin
therapy, especially compared with oral agents or
GLP-1RA. It also calls to assess the impact of optimal
glycemic control and better prevention of hypoglycemia
with improved glucose monitoring with newer devices on
liver and cardiovascular outcomes. One should also keep
in mind that although diabetes medications may have had
a modest effect in reversing NASH-related cirrhosis, they
may slow liver fibrosis progression and offer cardiovas-
cular and renal benefit, which may improve patient’s QOL
and overall survival. Finally, vitamin E has been reported
in a small, observational study to improve transplant-free
survival and reduce hepatic decompensation in patients
with NASH and advanced fibrosis.[165]

Statins are considered safe for patients with F2–F3
and Child A or B cirrhosis. A recent meta-analysis
including 121,058 people with CLD reported significant
benefit with statin treatment in those with cirrhosis,
reducing both episodes of hepatic decompensation
and overall mortality, by almost 50%.[166] In studies
including patients with CLD without cirrhosis (n= 5),
statin use was associated with a nonsignificant (but
58% lower) risk of developing cirrhosis or fibrosis
progression. In addition, in a large retrospective cohort
study of patients with newly diagnosed cirrhosis from
the Veterans Health Administration, each cumulative
year of statin exposure to statins was associated with
an independent 8.0%–8.7% decrease of mortality of
patients with cirrhosis of Child-Pugh classes A and B,
but benefit did not extend to patients with Child-Pugh
class C cirrhosis.[167] Data in patients with decom-
pensated cirrhosis remains limited, but it is generally
recommended that use in these patients should be
avoided.

Monitoring diabetes in patients with
cirrhosis

Compensated cirrhosis

Because patients with cirrhosis are prone to developing
T2DM, all patients should be considered at risk and
diabetes screening becomes a routine aspect of their
care. In patients with compensated cirrhosis and
diabetes, monitoring of hyperglycemia should be similar
to those without cirrhosis as long as patients are not
anemic. As reviewed, should anemia be present, testing
by A1c becomes unreliable to assess glycemic control,
so that plasma glucose, fructosamine (if preserved liver
biosynthetic function),[67] or CGM[125,126] are better
options to monitor control.

Decompensated cirrhosis

In this setting, most patients are anemic and the best tests
for the diagnosis are based on the accurate measurement
of plasma glucose, either fasting, or best during an OGTT,
while monitoring relies heavily on self-monitoring of blood
glucose and CGMs (Figure 2).[125,126] The use of CGMs
has beenmodest in this population, but increasing with the
greater access to this technology and the development of
multidisciplinary teams involving endocrinologists. The
medical team must individualize the target A1c for each
patient taking into account the risk of hypoglycemia, QOL,
comorbidities, and cirrhosis-associated complications.

CONCLUSION AND FUTURE
DIRECTIONS

The prevalence of diabetes in patients with cirrhosis is
high, and vice versa. NAFLD-related cirrhosis is common
in patients with T2DM. In both settings the link between
diabetes and cirrhosis remains today underestimated and
inadequately managed by clinicians. Cirrhosis is obvi-
ously a major prognostic driver for liver-related outcomes
and overall mortality in patients with diabetes and
NAFLD. Risk factors for developing cirrhosis are related
to obesity and lipotoxicity, insulin resistance, hyper-
glycemia, as well as comorbidities associated with
metabolic syndrome, but the role of liver disease on
diabetes complications requires further investigation.
Thus, patients with diabetes should be systematically
screened for NAFLD-related fibrosis and cirrhosis using
noninvasive tools.[11,101,103] An early diagnosis would
allow referral to a liver specialist to prevent cirrhosis-
related complications. More work is needed in developing
and fine-tuning effective clinical care pathways between
primary care, diabetes, and liver specialists.

Multidisciplinary teams are needed to deliver optimal
care and encourage lifestyle changes. While the impact
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of lifestyle modification in liver disease is unquestion-
able, the optimal approach for patients with diabetes
and cirrhosis still needs to be established in long-term
randomized controlled trials. A greater use of structured
weight loss programs, anti-obesity medications, and
bariatric surgery should be encouraged. The ideal
bariatric surgery approach in this setting also awaits
carefully designed prospective studies. It also remains
to be better explored if implementation of strict glycemic
control using newer glucose-monitoring tools can
modify the natural history of liver disease and prevent
cirrhosis and its major complications. It may also matter
how we achieve glycemic control. For instance, it may
be of value to perform controlled trials comparing insulin
to newer oral and injectable agents. Diabetes agents
such as pioglitazone, SGLT2 inhibitors, GLP-1RA, and
dual agonists GLP-1/GIP RA (tirzepatide) that improve
steatohepatitis may slow fibrosis progression and
should be investigated in prospective trials in people
with T2DM and cirrhosis. Clearly, there is a need to
address the many knowledge gaps with randomized
controlled trials examining all aspects of care of patients
with diabetes and cirrhosis to improve their QOL and
long-term outcomes. Until then, clinicians should be
proactive in the early diagnosis of liver fibrosis by
screening all people with T2DM (ie, FIB-4) and
intervene before the development of cirrhosis with
multidisciplinary teams that encourage treatment of
obesity with lifestyle changes (and anti-obesity agents
when indicated) and of T2DM with medications of
proven efficacy to reverse steatohepatitis and fibrosis
progression in people with NASH.
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