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Key Messages for Health-care Providers

e Metabolic dysfunction—associated steatotic liver disease
(MASLD) affects around 70% of people living with type 2
diabetes (T2D).

e Liver fibrosis is the primary determinant of the hepatic and

nonhepatic adverse outcomes of people living with MASLD.

Consider screening for MASLD-related liver fibrosis in all

individuals living with prediabetes or type 2 diabetes by using

the Fibrosis-4 Index (FIB-4) score, which can assist in ruling out
the likelihood of advanced liver fibrosis.

o If the FIB-4 score is <1.3, then the management of metabolic
syndrome, especially diabetes and weight, should be done in
the primary care clinic. Additional tests may be required if the
FIB-4 score is between 1.3 and 2.67. If the FIB-4 score is >2.67,
then referral to hepatology is warranted due to the high risk of
advanced fibrosis.

e Sustained weight reduction of at least 5% to 10% is recom-

mended, but, if possible, weight loss of >10% is preferred as it

can assist with reversing liver fibrosis.

Pioglitazone and subcutaneous semaglutide may be considered

to improve glycemia and may reduce the liver fat content and

progression of liver fibrosis.

Cardiovascular protection is crucial in people living with

MASLD, as most people with MASLD have cardiovascular dis-

ease (CVD). Therefore, statins can be maintained unless

decompensated cirrhosis is developed.

Key Messages for People Living With Diabetes

e Liver disease is common in people with diabetes. Many people
living with diabetes also have a liver condition called MASLD,
and many of them have not received a formal diagnosis.

e MASLD affects more than just the liver. Although it can cause
liver damage over time, most people with MASLD are more
likely to have heart disease, which is the leading cause of illness
in this group.

e Simple blood tests can help check the liver. Everyone with
prediabetes or T2D should be checked for liver scarring (also
called fibrosis), which is a key predictor of complications. A
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simple calculation called the FIB-4 score, based on age and
routine blood tests, can help rule out serious damage.

e Weight loss is one of the best treatments. Losing at least 5% to
10% of body weight can reduce fat in the liver. A 10% reduction
in body weight may even help reverse some liver scarring.

e Some diabetes medications may help the liver. Certain treat-

ments for diabetes may also reduce liver fat and slow down

liver damage.

Heart health matters too. Because heart disease is common

in people with MASLD, statins (cholesterol-lowering

medications) are usually safe and should be continued—
except for cases of advanced liver disease like decom-
pensated cirrhosis.

Introduction

MASLD, formerly known as nonalcoholic fatty liver disease
(NAFLD), is the most common liver condition, particularly among
people living with T2D. Despite its prevalence, MASLD remains
underrecognized by health-care providers (HCPs) [1]. Globally,
69% of people with T2D have MASLD, and 37% have metabolic-
associated steatohepatitis (MASH), highlighting the complex
nature of this disease [2,3]. In contrast, MASLD affects approxi-
mately 22% of people living with type 1 diabetes mellitus (T1D)
[4]. The primary drivers of MASLD are T2D and obesity [5]. Most
people living with MASLD are seen in primary care or endocri-
nology settings, where the condition often goes undiagnosed and
untreated [4]. Given its significant impact on health outcomes and
the health-care system, this guideline aims to raise awareness of
MASLD and provide practical recommendations for screening,
diagnosis, and management in people with T2D.

Nomenclature

The terminology surrounding fatty liver disease has evolved
over time. Initially termed nonalcoholic steatohepatitis (NASH)
in 1980 and NAFLD in 1986 [6], this terminology was criticized
for failing to fully capture the condition’s underlying causes
and for their potentially stigmatizing language [7]. Conse-
quently, individuals with significant metabolic conditions, such
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as diabetes, obesity, and hypertension, and with fatty deposi-
tion in the liver (i.e. hepatic steatosis) who drink above the
strict threshold of alcohol consumption (i.e. 30 g/day for men,
20 g/day for women), were typically excluded from this diag-
nosis and related clinical trials. This exclusion hindered
appropriate treatment considerations [7]. In response to these
concerns, the term metabolic dysfunction—associated fatty liver
disease (MAFLD) was introduced. However, resistance to the
inclusion of "fatty" in the nomenclature persisted. A Delphi
consensus involving over 200 international experts led to a
new classification system: NAFLD was renamed MASLD,
whereas NASH became MASH. Both conditions (MASLD and
MASH) now fall under the broader category of steatotic liver
disease [7] (Figure 1). In addition, a new category called
metabolic and alcohol-related liver disease (MetALD) was
introduced for individuals consuming alcohol above MASLD
limits but below alcoholic liver disease (ALD) thresholds (140
to 350 g/week for women, 210 to 420 g/week for men) [7].
MetALD highlights the complex interplay between metabolic
dysfunction and alcohol consumption, which often coexist in
real-world settings. This overlap is particularly relevant because
alcohol use accelerates liver disease progression, significantly
increasing the risk of liver-related events and mortality, which
far exceeds the rates seen in MASLD [8]. This synergistic effect
underscores the need to address both alcohol consumption and
metabolic risk factors in clinical care. The recognition of Met-
ALD also reflects the dynamic nature of liver disease, with the
potential for a continuum between MASLD and ALD. Over time,
either metabolic dysfunction or alcohol use may become the
predominant driver of liver injury, highlighting the importance
of flexible, individualized approaches to management (relevant
MASLD terminologies are listed in Table 1).

Epidemiology

The global population prevalence of MASLD has risen from 25%
in 2016 to 38%, with MASH now affecting 5.27% of the population
[2]. In people with T2D, MASLD prevalence has increased from
55.5% to 69%, driven by rising diabetes and obesity rates worldwide
[2]. Notably, 37% of individuals with T2D have MASH, with 15%
developing advanced fibrosis [2,9]. A meta-analysis found that
MASLD affects 22% of adults with T1D [10]. Among individuals with
both obesity and diabetes, MASLD prevalence reaches 73%, but,

importantly, it also affects 57% of individuals with T2D with normal
body mass index (BMI) [11].

In Canada, MASLD affects 20.8% of the population, making it the
most common liver disease in the country, with MASH at 5.2% [10].
Both rates are projected to increase to 22.9% and 6.5% by 2030,
respectively, although these estimates are likely conservative [10].
MASLD is already the second leading cause of hepatocellular carci-
noma (HCC) and liver transplants in the United States and is on track to
become the primary indication for liver transplantation in Canada[11].
As MASLD prevalence rises, cases of decompensated cirrhosis, HCC,
and liver transplants due to MASLD are expected to increase [10].
Increasing numbers of individuals with T2D are being evaluated for
transplants related to metabolic disease—driven hepatic steatosis [12].

Although only 20% of individuals with MASH develop severe
liver complications, CVD remains their leading cause of death, and
many experts now consider MASLD an independent risk factor for
CVD [2,13]. In addition, MASLD also increases the risk of nonhepatic
gastrointestinal cancers (e.g. stomach, pancreas, esophagus, colo-
rectal) and other malignancies (e.g. breast, lung, gynecologic) by
1.2- to 1.5-fold [13]. T2D consistently emerges as the most impor-
tant risk factor for liver fibrosis, with multiple metabolic syndrome
components and their duration worsening both fibrosis and clinical
outcomes [11]. Therefore, a multidisciplinary care approach is
recommended for managing MASLD when resources allow [14].

Methods

The Clinical Practice Guidelines (CPG) Steering Committee
makes a recommendation for guideline topics at each annual cycle.
A set of criteria are applied, which include scanning of internal and
external guideline documents, current scientific publications,
experts in the field, and emerging priorities from people living with
diabetes. Additional considerations include availability of new
evidence to update previous guideline chapters, the relevance of
the topic to primary care providers, endocrinologists, and other
HCPs involved in diabetes care, as well as overlap with other
Canadian society guidelines. An annual survey of Diabetes Canada
members and people living with diabetes is completed to inform
this process, including suggestions from CPG Steering Committee
members. The pool of potential topics is further refined based on
the previously described criteria. The final curated list goes through
a formal prioritization process by the CPG Steering Committee
members, and the highest ranking topics are selected.
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Figure 1. Steatotic liver disease subclassification [7].
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Relevant definitions of MASLD (adapted with permission from Cusi et al [4])

associated steatohepatitis

MASLD Metabolic dysfunction- Term used for the broad spectrum of the disease, ranging from hepatic steatosis only to metabolic
associated steatotic liver dysfunction-associated steatohepatitis (MASH) to cirrhosis, in the presence of 1 or more cardiometabolic
disease risk factor(s) and in the absence of harmful alcohol intake or in amounts that may not directly lead to liver

disease (<210 g/week for men and <140 g/week for women).

MASH Metabolic dysfunction- Presence of 25% hepatic steatosis with inflammation and hepatocyte injury (also known as hepatocyte

ballooning), with or without evidence of liver fibrosis.

MASH cirrhosis *

Cirrhosis with histologic evidence of steatosis or steatohepatitis in the setting of MASLD.

Fibrosis stage Stage 0 (FO)—None
Stage 1 (F1)—Mild
Stage 2 (F2)—Moderate
Stage 3 (F3)—Severe
Stage 4 (F4)—Cirrhosis
NAS * NAFLD activity score An unweighted composite of steatosis, lobular inflammation, and ballooning scores.

Significant alcohol
consumption

Harmful intake, defined as amounts of alcohol greater than 20 to 50 g/day for females and 30 to 60 g/day for
males.

alcohol-related/associated

FIB-4 Fibrosis-4 index An index to estimate the risk of advanced liver fibrosis calculated from the computation of age, plasma
aminotransferases (AST and ALT), and platelet count. This noninvasive estimate of liver scarring is used to
access the need for biopsy. The score is calculated using a person’s age, AST level, platelet count (PLT), and
ALT level. FIB-4 score = age (years) x AST (U/L)/[PLT (10%/L) x ALT %2 (U/L).

ELF Enhanced liver fibrosis test This blood test measures the levels of tissue inhibitor of metalloproteinases 1, amino-terminal propeptide
of type Il procollagen, and hyaluronic acid and is used to estimate the rate of liver extracellular matrix
metabolism reflecting the severity of liver fibrosis.

NFS NAFLD fibrosis score -1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m?) + 1.13 x (impaired fasting glucose or DM) + 0.99 x (AST/
ALT) - 0.013 x platelet (x 10°/L) = 0.66 x albumin (g/dL) (where impaired fasting glucose/DM had a value of 1
if the participants had impaired fasting glucose and 0 if they did not)

APRI AST-to-platelet ratio index [AST level (IU/L)/AST (upper limit of normal AST range (IU/L) x 100] divided by platelet count (10%/L)

VCTE Vibration-controlled transient A technique for liver stiffness measurement that is correlated with the severity of liver fibrosis on histology

elastography (e.g. Fibroscan™, shear wave elastography).

MetALD Metabolic dysfunction and Person with hepatic steatosis, cardiometabolic risk factors, and alcohol use (at weekly intake of 140-350 g in

women and 210-420 g in men, or an average of 20-50 g/day in women and 30-60 g/day in men.

steatotic liver disease

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BM/, body mass index; DM, diabetes mellitus; EASL, European Association for the Study of the Liver; NAFLD, nonalcoholic fatty liver disease

* Sanyal et al.

" A standard alcoholic drink is defined as a given drink with approximately 14 g of pure alcohol (https://pubs.niaaa.nih.gov/publications/practititioner/pocketguide/pocket_guide2/htm). Accessed on December 10, 2021.

The methods process outlined in the 2018 Methods chapter of the
Diabetes Canada CPG [15] was followed for the literature review,
evidence appraisal, and systematic grading of recommendations.
Based on their expertise, the author group was subdivided into the
following subsections: introduction, including nomenclature and
epidemiology; pathophysiology; diagnosis, prognosis, and
screening; health behaviour interventions; use of antihyperglycemic
medications; trials of MASH-targeted therapies; and vascular
protection.

PICO (population, intervention, control, and outcomes) questions
were developed by the authors and a systematic search of the
literature was performed for relevant articles published until May 23,
2023. These can be obtained from Diabetes Canada upon request.
The search was completed by health science librarians from the
McMaster Evidence Review and Synthesis Team (MERST), using the
MEDLINE and Embase databases. The search generated >500 unique
citations. Any publications that were not found by the search but that
were identified by the authors as being relevant to the topics of
NAFLD, MAFLD, MASLD, and MASH were added at the title and
abstract review stage. MERST reviewed all citations at the title,
abstract, and full-text levels, and citations for the recommendations
were critically appraised by a methodologist from MERST to assist
with grading. In instances where the evidence was lacking, a Grade D
Consensus grading was assigned to the recommendation.

Finally, the chapter was reviewed by a person with lived expe-
rience of T2D and MASLD to ensure it captured the perspective of
individuals living with the disease. The chapter was also externally
reviewed by a hepatologist and an endocrinologist, who are experts
and key opinion leaders on this topic.

Pathophysiology, Risks, and Outcomes

MASLD is strongly associated with metabolic conditions, such as
obesity, insulin resistance, T2D, and dyslipidemia. These conditions
are interconnected through complex mechanisms, with insulin
resistance playing a central role in both MASLD and T2D [16,17]. The
detailed description of pathophysiology is beyond the scope of the
guideline; however, the key features of MASLD pathogenesis
include (Figure 2):

o Insulin resistance: Promotes hepatic steatosis by increasing free
fatty acid (FFA) uptake from adipose tissue, enhancing lipo-
genesis and reducing triglyceride excretion [18—20].

e Progression to MASH: Oxidative stress and mitochondrial
dysfunction lead to the release of inflammatory mediators,
driving the transition from steatosis to metabolic-associated
steatohepatitis [21,22].
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Figure 2. Role of obesity and lipotoxicity in the development of metabolic dysfunction-associated steatohepatitis: pathophysiology and clinical implications. ER, endoplasmic
reticulum; FFA, free fatty acid; TG, triglyceride; VLDL, very-low-density lipoprotein. Adapted with permission from Cusi et al [29].

e Fibrosis: Although not fully understood, lipid peroxidation
activates hepatic stellate cells, resulting in fibrogenesis. This
marks the final stage of MASLD progression [22].

There is a bidirectional relationship between MASLD and T2D:

e Hepatic steatosis increases the risk of developing T2D
[23,24].

e T2D accelerates fibrosis progression in MASLD, worsening liver
outcomes over time [23,24].

Individuals with both T2D and MASLD face higher morbidity
and mortality compared to those with T2D alone:
e Increased CVD mortality is observed, even in individuals with
mild fibrosis due to MASLD [25—27].
e The severity of hepatic steatosis correlates with higher risks of
developing diabetes and all-cause mortality [28].

People with T2D and MASLD have significantly elevated risks of
CVD, stroke, chronic kidney disease, and all-cause mortality
compared to individuals with MASLD but without T2D [27,30]. They
also present with heightened risks of coronary artery disease,
hypertension, and diastolic dysfunction—risks that increase with
advanced fibrosis stages [31,32].

CVD risk should be managed according to Diabetes Canada or
American Heart Association guidelines for cardiovascular protec-
tion in people with diabetes.

Fibrosis staging (FO—F4) is critical in determining the prognosis
of MASLD, as all stages, from mild (FO—F1) to significant (F2—F4)
liver fibrosis, have the potential to improve with lifestyle changes.
Persons with significant liver fibrosis stage (F2—F4) have an
increased risk of end-stage complications. The highest risk of
complications come with advanced liver fibrosis stages (F3—F4)
[33] (Figure 3). Risk factors for advanced liver fibrosis include older

MASH: Steatosis + Inflammation

FO—F1 No—Mild
Fibrosis

Healthy Liver Simple Steatosis

F2 F3

| I

F2—F4 Significant Fibrosis

F3—F4 Advanced Fibrosis

Figure 3. Spectrum of metabolic dysfunction—associated steatotic liver disease (MASLD). MASH, metabolic-associated steatohepatitis.
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Figure 4. Algorithm for diagnosis of steatotic liver disease, including MASLD. ALD, alcohol-associated liver disease; DILI, drug-induced liver injury; HCV, hepatitis C virus; MASLD,
metabolic dysfunction—associated steatotic liver disease; MetALD, metabolic dysfunction and alcohol-related/associated steatotic liver disease; SLD, steatotic liver disease.

age, male sex, Hispanic ethnicity, obesity, chronic kidney disease,
and coronary artery disease [34—37]. In addition, T2D increases the
risk of advanced liver fibrosis by 5- to 6-fold compared with the
general population [38] and HCC by 2.5-fold, particularly after >10
years of diabetes duration [39,40]. Although noncirrhotic MASLD
also raises HCC risk, routine screening is not yet recommended for
these individuals [41,42].

Diagnosis

A person with prediabetes or diabetes, with 1 additional car-
diometabolic risk factor listed below, should be considered for
evaluation for MASLD (Figure 4):

1. Overweight or obesity: BMI >25 kg/m? (23 kg/m? in people of
Asian ancestry) OR waist circumference >94 cm (male), 80 cm
(female) OR ethnicity-adjusted equivalent.

2. Hypertension: Blood pressure >130/80 mmHg OR on specific
antihypertensive drug treatment.

3. Dyslipidemia: Plasma triglyceride >1.70 mmol/L, plasma high-
density lipoprotein (HDL) cholesterol <1.0 mmol/L (male),
and <1.3 mmol/L (female) OR on lipid-lowering treatment.

Other causes of hepatic steatosis should be considered in the
absence of cardiometabolic criteria (Table 2).

Although liver biopsy remains the gold standard for diagnosing
MASH and staging liver fibrosis, it is not recommended for routine
use due to its invasiveness, cost, and potential sampling errors [43].
Noninvasive diagnostic tools, such as blood-based algorithms and

imaging, are preferable, although clinicians should be aware that
these tests may have lower performance in people with T2D
[44,45]. Therefore, findings from people without T2D should not be
directly extrapolated to this group.

Screening

Due to the high prevalence of MASLD in T2D, screening for
MASLD using radiologic investigations to detect hepatic steatosis is
not recommended. Therefore, in adults with T2D, clinicians should
prioritize the assessment of advanced liver fibrosis (F3—F4) due to
its strong association with adverse outcomes, such as CVD, malig-
nancy, and liver-related mortality [16,33,43,46]. Clinicians should
follow evidence-based screening strategies for the early identifi-
cation and management of advanced liver fibrosis in T2D to
improve long-term outcomes. We recommend use of the FIB-4
score to screen for advanced liver fibrosis, as it is a simple, nonin-
vasive, and widely available tool. A FIB-4 score is calculated using
readily available clinical data, including age, platelet count, aspar-
tate transaminase (AST) and alanine aminotransaminase (ALT)
levels. Although a minority of Canadian centres may auto-calculate
the FIB-4 score, clinicians can also access it through online calcu-
lators (e.g. https://www.mdcalc.com/calc/2200/fibrosis-4-fib-4-
index-liver-fibrosis) (Figure 5 [47]).

Because MASLD is often asymptomatic and transaminase levels
(i.e. ALT, AST) can remain normal in up to 15% of individuals with
advanced liver fibrosis, screening for advanced liver fibrosis should
be performed regardless of symptoms and transaminase levels
[38,48,49]. Early identification of fibrosis is essential because
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Table 2
Secondary causes of fatty liver (adapted with permission from Cusi et al [4])

Nutritional/intestinal-related causes *#
* Acute weight loss (bariatric surgery, fasting)
* Malnutrition
* Total parenteral nutrition
+ Short bowel syndrome
+ Intestinal failure-associated MASLD *
+ Celiac disease

Environmental toxins **
* Metals
* Herbicides, pesticides
* Polychlorinated biphenyls
* Chloroalkenes

Endocrine disorders
* Hypothyroidism #*
+ Polycystic ovary syndrome #3
» Hypothalamic/pituitary dysfunction
» Growth hormone deficiency *#*

Drug-related *#$
* CART in HIV (e.g. didanosine, stavudine, zidovudine),
amiodarone, methotrexate, chemotherapy (e.g. irinotecan,
5-fluouracil), tamoxifen, corticosteroids, tetracyclines,
valproic acid, amphetamines, acetylsalicylic acid

Chronic hepatitis B and C

CART, combined antiretroviral therapy; HIV, human immunodeficiency virus; MASLD, metabolic dysfunction-associated steatotic liver disease.

* Indicates reported progression of liver disease to fibrosis/cirrhosis.
*# Indicates conditions that may cause secondary MASLD.

$ Indicates conditions that may aggravate primary MASLD (act as co-factors for primary MASLD).
Adapted from Liebe R, Esposito |, Bock HH, et al. Diagnosis and management of secondary causes of steatohepatitis. | Hepatol 2021;74:1455-71.

severity of liver fibrosis—not steatosis—is the primary driver of
adverse outcomes, including cirrhosis, HCC, and liver-related
mortality. Although evidence supports universal screening for
advanced liver fibrosis in all individuals with T2D, those with
additional risk factors, such as obesity or cardiometabolic condi-
tions, warrant particular attention. Noninvasive care models have
been developed to reduce the reliance on liver biopsy and specialist
referrals [50—52]. The FIB-4 is the recommended first-line nonin-
vasive screening tool in primary care and endocrinology settings
(Figure 5). This test, which uses age, AST, ALT, and platelet count, is
cost effective, easy to implement, and has high accuracy to rule out
advanced liver fibrosis [53]. Its widespread adoption among indi-
viduals with prediabetes and T2D significantly reduces the need for
invasive testing in low-risk populations [45,53,54]. A FIB-4 score of
<1.3 suggests a low risk of advanced liver fibrosis, as it has a
negative predictive value of 95% in ruling out advanced liver fibrosis
when the FIB-4 score is <1.3 [53]. These individuals with low risk of
fibrosis should be managed in primary care, focusing on metabolic
syndrome management. For individuals with indeterminate FIB-4
scores (1.30 to 2.67), further evaluation using noninvasive liver
stiffness measurement via transient elastography or enhanced liver
fibrosis (ELF) biomarker testing is recommended to improve diag-
nostic precision [50—52]. In areas where these advanced tests are
unavailable, direct referral to a gastroenterologist or hepatologist
for FIB-4 scores 1.30 to 2.67 may be considered [44]. Individuals

Age (years) AST level (U/L)
@ - @
Platelet count (107L) ALT (U/L)
@D -\y@>

Figure 5. FIB-4 for liver fibrosis calculation. ALT, alanine aminotransaminase; AST,
aspartate transaminase; FIB-4, Fibrosis-4 Index. Adapted from https://www.mdcalc.
com/calc/2200/fibrosis-4-fib-4-index-liver-fibrosis [47].

FIB-4 =

with FIB-4 scores >2.67, liver stiffness measurement >8 kPa, or ELF
>7.7 are classified as high risk of advanced liver fibrosis and should
be referred directly for specialized care due to their increased
likelihood of liver-related complications [55,56] (Figure 6).
Screening should be repeated every 1 to 2 years in individuals with
prediabetes or T2D. Regular monitoring ensures timely detection of
fibrosis progression, which can occur asymptomatically even in
those with normal aminotransferase levels.

Additional blood-based algorithms, such as the NAFLD fibrosis
score and AST-to-platelet ratio index have also been proposed for
assessing liver fibrosis. The NAFLD fibrosis score incorporates age,
BMI, diabetes status, AST, ALT, platelet count, and albumin; a score of
<—1.455 effectively rules out advanced fibrosis with similar accuracy
in individuals with T2D vs those without [53,54]. AST-to-platelet
ratio index uses AST and platelet count but has lower accuracy
than FIB-4 and the NAFLD fibrosis score in detecting advanced
fibrosis in populations with T2D [57]. Despite these alternatives, FIB-
4 remains the most widely used test due to its simplicity, cost-
effectiveness, and validated accuracy in ruling out advanced liver
fibrosis in primary care settings. Hepatic steatosis is highly prevalent
among individuals with prediabetes and T2D. Its evaluation may be
considered during the diagnostic and clinical assessment for
advanced liver fibrosis. Although ultrasound is commonly used due
to its accessibility and affordability, its sensitivity decreases in cases
of mild steatosis or obesity. The controlled attenuation parameter
(CAP), often paired with transient elastography, provides more
accurate point-of-care assessments of steatosis, but it struggles to
differentiate between grades of severity in individuals with T2D
[58,59].

Magnetic resonance imaging proton density fat fraction (MRI-
PDFF) offers higher precision for grading steatosis but is less
accessible; thus, ultrasound and CAP remain practical options for
most clinical settings [53,58]. Detecting steatosis can still help
identify individuals at higher risk for MASLD progression, enabling
early interventions. Managing MASLD, especially those with
advanced liver fibrosis, requires a multidisciplinary approach
involving hepatologists, endocrinologists, and primary care pro-
viders to address both liver health and metabolic comorbidities


https://www.mdcalc.com/calc/2200/fibrosis-4-fib-4-index-liver-fibrosis
https://www.mdcalc.com/calc/2200/fibrosis-4-fib-4-index-liver-fibrosis

228 J. Kim et al. / Can ] Diabetes 49 (2025) 222—-236

{Type 2 diabetes or prediabetes}

=)

1.30-2.67

>2.67

LSM <8 kPa or
ELE=77

No advanced
fibrosis

LSM by transient elastography
or alternative test
(ELF or shear wave elastography)

LSM>8 kPa or
HUFET/

Advanced
fibrosis

Manage MASLD in primary care /
endocrinology clinics

Glycemic management

Treat metabolic syndrome
Weight loss

Reassess FIB-4 in 1-2 years

(if LSM or alternative test not
available, consider direct referral)

Refer to gastroenterologist/hepatologist
Assessment of chronic liver disease
Consideration of MASH-targeted
pharmacotherapy
Consideration for HCC/variceal

surveillance
Multidisciplinary care

Figure 6. Overview of screening for advanced liver fibrosis and MASLD management. ELF, enhanced liver fibrosis; FIB-4, Fibrosis-4 Index; HCC, hepatocellular carcinoma; LSM, liver
stiffness measurement; MASH, metabolic-associated steatohepatitis; MASLD, metabolic dysfunction—associated steatotic liver disease.

comprehensively. In resource-rich settings, multidisciplinary care
optimizes outcomes by reducing liver-related complications. In
resource-limited areas, coordinated care pathways are essential for
effective disease management within local health-care capacities.
In summary, systematic screening for advanced liver fibrosis in
individuals with prediabetes or T2D is essential for early detection
and intervention. FIB-4 serves as the cornerstone of this approach
due to its simplicity and reliability, supported by secondary tests
like transient elastography or ELF, when needed. Ultrasound and
CAP provide additional insights into hepatic steatosis but are sec-
ondary to fibrosis assessment. Regular screening intervals coupled
with a multidisciplinary care model are key to mitigating MASLD-
related risks over time.

Given the rising prevalence of T2D and MASLD in Canada,
standardizing screening practices for advanced liver fibrosis
nationwide is imperative. Studies highlight the cost-effectiveness
of using FIB-4 as a first-line test followed by transient elastog-
raphy or shear wave elastography to reduce reliance on invasive
procedures like liver biopsy [60,61]. Policymakers should prioritize
equitable access to these noninvasive diagnostic tools across
Canadian provinces to improve MASLD detection and management
outcomes effectively.

In people with MASLD cirrhosis, routine surveillance to detect
for the complications of cirrhosis is essential. These individuals
require ultrasonography and serum alpha-fetoprotein level every 6
months to detect HCC, looking for features of clinically significant
portal hypertension to identify the individuals who require upper
gastrointestinal (GI) endoscopy to detect esophageal varices and
clinical signs and symptoms of hepatic decompensation to optimize
liver-related outcomes [62].

Recommendations

1. Consider screening all individuals with prediabetes or T2D,
especially with the features of metabolic syndrome, for
MASLD-related liver fibrosis by measuring ALT, AST, and
platelets to calculate the FIB-4 score to detect advanced liver
fibrosis [Grade B, Level 2] [53], rather than only measuring ALT
and AST [Grade B, Level 2] [53], and identify individuals
requiring further investigation, follow up, or referral (Figure 6),

due to increased morbidity and mortality [Grade C, Level 3]
[26—28,63].

a. In individuals with low probability of advanced liver
fibrosis (FIB-4 score <1.3), manage metabolic syndrome
[Grade C, Level 3] [33,51,52] and consider repeat screening
with FIB-4 score every 1 to 2 years [Grade D, Consensus].

b. In individuals with intermediate probability of advanced
liver fibrosis (FIB-4 1.30 to 2.67), additional testing, such as
liver stiffness measurement (i.e. transient elastography) or
alternative test (i.e. ELF), may be performed to further
stratify risk [Grade B, Level 2] [53,64]. Referral to gastro-
enterology/hepatology may be considered if these tests are
not available [Grade D, Consensus].

c. In individuals with high probability of liver fibrosis (FIB-4
score >2.67), referral to hepatology is recommended [Grade
C, Level 3] [51,65].

2. In people with MASLD cirrhosis (stage F4), routine surveillance
is recommended [Grade D, Level 4] [62].

a. Using ultrasonography and serum alpha-fetoprotein levels
every 6 months to detect HCC.

b. Looking for features of clinically significant portal hyper-
tension to identify individuals who require upper GI
endoscopy to find esophageal varices.

c. Clinical signs and symptoms of hepatic decompensation to
optimize liver-related outcomes.

Health Behaviour Interventions

Health behaviour interventions are foundational in the pre-
vention and management of T2D and MASLD—2 conditions often
linked to poor dietary habits, sedentary lifestyle, and obesity. These
interventions adopt a comprehensive approach that includes die-
tary modifications, physical activity, weight management, and
behaviour change strategies to promote sustainable healthy habits
and improve overall quality of life. An interprofessional team—
comprising nurses, physicians, registered dietitians, and kinesiol-
ogists—collaborates closely with individuals living with T2D and
MASLD to tailor interventions to their needs. For individuals with
T2D, dietary changes, such as adopting a low-glycemic-index diet,
reducing refined carbohydrates and saturated fats, and increasing
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fibre-rich foods, can help manage blood glucose levels and improve
insulin sensitivity [66]. Regular physical activity, including aerobic
exercise and resistance training, has been shown to enhance gly-
cemic management, reduce insulin resistance, and lower cardio-
vascular factors [66]. Similarly, lifestyle modifications are central to
MASLD management. Weight loss through calorie restriction and
physical activity is the cornerstone of treatment, as it reduces liver
fat accumulation, inflammation, and fibrosis [67]. Dietary patterns
emphasizing whole foods—such as fruits, vegetables, lean proteins,
and healthy fats—while limiting processed foods, sugary beverages
(e.g. fructose-sweetened), and alcohol are recommended. Exercise
further improves liver function and reduces liver fat content [67].

Obesity is a common factor in both T2D and MASLD. Weight loss
not only reduces liver fat but also improves glucose regulation and
insulin sensitivity [68]. Current guidelines from Canada, the United
States, and Europe recommend a weight reduction of >5% to decrease
hepatic steatosis; a 10% reduction is associated with reversing liver
fibrosis [69]. For individuals with MASLD who do not have overweight
or obesity, a weight loss of 3% to 5% is encouraged [68,69].

Diet and physical activity

Reducing energy intake is key to achieving weight loss; however,
low-calorie diets can be challenging to sustain long-term. Calorie-
unrestricted diets have emerged as alternatives for maintaining
long-term weight loss. A randomized controlled trial involving
individuals with T2D on a 6-month, calorie-unrestricted, low-car-
bohydrate, high-fat diet (20% carbohydrates, 50% to 60% fats, 25% to
30% proteins) demonstrated significant improvements in glycemic
management and weight compared with those on a high-
carbohydrate, low-fat diet (50% to 60% carbohydrates). However,
these benefits were not sustained 3 months after the intervention
[70]. Another trial showed that a carbohydrate-reduced, high-pro-
tein diet decreased hepatic fat content and improved glycemic
control in participants with well-managed T2D over 6 weeks under
stable body weight conditions. However, the short duration of the
study limited its evaluation of long-term effects [71].

Similarly, an isocaloric dietary regimen rich in monounsaturated
fatty acids combined with supervised exercise reduced hepatic fat
content independent of aerobic training programs. The Look
AHEAD trial demonstrated that a comprehensive 12-month life-
style intervention—including moderate caloric restriction tailored
to individual weight categories (<1,500 kcal/day for individuals
weighing <114 kg, <1,800 kcal/day for those weighing >114 kg)
combined with 175 minutes of moderate-intensity physical activity
weekly—resulted in sustained weight loss over 10 years. This
intervention reduced steatosis incidence and improved MASLD
outcomes compared with standard diabetes education. Partial
diabetes remission was observed in 11.5% of participants vs 2% in
the control group. However, restrictive strategies carry risks, such
as nutrient deficiencies or muscle mass loss, so they should be
approached cautiously [72].

Bariatric surgery

Bariatric surgery has shown significant benefits for individuals
with obesity-related T2D or MASLD when lifestyle modifications
are not possible. Procedures, such as sleeve gastrectomy or Roux-
en-Y gastric bypass, result in substantial weight loss that
improves glucose regulation and reduces hepatic fat content within
1 year postsurgery. However, the short-term impact on fibrosis
remains limited [73]. Although bariatric surgery offers a powerful
therapeutic option for individuals with T2D and a BMI >35 kg/m?
who have not responded to other treatments, it requires careful
patient selection due to risks, such as surgical complications or
nutritional deficiencies. Bariatric surgery is not recommended for

individuals with decompensated cirrhosis until long-term out-
comes are better understood [73].

Nutrition supplementation

Emerging evidence highlights the potential role of supplements
in managing hepatic steatosis in individuals with T2D and MASLD:

e Omega-3 fatty acids: Although omega-3 fatty acids have shown

promise in reducing liver fat content and improving car-

diometabolic risk factors in some trials, their effects on glyce-
mic management remain inconsistent. Until further evidence is
available, omega-3 supplementation cannot be broadly rec-

ommended for treating T2D or MASLD [74,75].

Vitamin D: Despite its association with metabolic disorders like

MASLD, high-dose vitamin D supplementation (2,000 IU/day)

over 24 weeks did not improve hepatic steatosis or metabolic

parameters in clinical trials [76].

e Resveratrol: Although experimental studies suggest resveratrol
may improve insulin sensitivity and reduce obesity-related
complications in MASLD, clinical trials have shown inconclu-
sive effects on hepatic steatosis or CV indices [77,78].

e Nicotinamide: This form of vitamin B3 has demonstrated ben-

efits in improving metabolic abnormalities like liver enzymes

or cholesterol levels but showed no significant impact on

fibrosis or steatosis [79].

Coffee: Epidemiologic studies suggest coffee consumption (>3

cups/day) may reduce MASLD risk; however, randomized trials

found no benefit from caffeine or chlorogenic acid supple-

mentation in reducing hepatic fat or stiffness [80,81].

Dietary patterns

Various dietary patterns—including Mediterranean diets, low-
fat diets, low-carbohydrate diets, DASH diets (Dietary Approaches
to Stop Hypertension), paleo diets, and intermittent fasting—have
been studied for their benefits in managing T2D and MASLD.
Among these approaches:

e The Mediterranean diet, rich in monounsaturated fats from
olive oil alongside plant-based foods like fruits and vegetables,
has shown the most consistent benefits for improving insulin
resistance and reducing liver disease severity without
requiring weight loss [82—84].

Although other dietary patterns show potential benefits
depending on individual preferences or cultural contexts, HCPs
should emphasize common principles: increasing nonstarchy
vegetables; minimizing added sugars; avoiding refined grains;
and prioritizing whole foods over processed options [85].

Health behaviour interventions remain central to managing T2D
and MASLD by addressing modifiable risk factors like obesity or poor
dietary habits. Sustainable lifestyle changes tailored to individual
needs—whether through structured exercise programs or personal-
ized dietary plans—empower individuals to actively participate in
their care while mitigating disease progression. Emerging therapies,
such as nutritional supplements, hold promise but require further
investigation through rigorous clinical trials before widespread
adoption. Ultimately, a multidisciplinary care model that integrates
evidence-based strategies will optimize outcomes for people living
with these complex metabolic disorders.

Recommendations

3. Individuals with T2D and MASLD-related liver fibrosis should
aim for sustained reductions in body weight of 5% to 10% to



230 J. Kim et al. / Can ] Diabetes 49 (2025) 222—-236

improve glycemia, insulin sensitivity, and to decrease hepatic
steatosis. Weight loss of >10% is recommended to increase the
chance to reverse fibrosis [Grade B, Level 2] [72].

4. Individuals with T2D and MASLD-related liver fibrosis should
be supported toward healthy behaviour interventions,
including physical activity and healthy dietary patterns, such as
the Mediterranean diet, that best align with the individual’'s
values, culture, preferences, and treatment goals, allowing
greatest adherence over the long term to achieve optimal gly-
cemia and improve insulin sensitivity and components of
metabolic syndrome [Grade C, Level 3] [86].

Pharmacologic Interventions
Antihyperglycemic agent use in MASH with T2D

No antihyperglycemic agent has been approved by Health
Canada for the treatment of MASH. Among the antihyperglycemic
agents approved for use in T2D in Canada, agents from 2 drug
classes have demonstrated some improvement in MASH outcomes
on paired liver biopsies, albeit in small trials: the thiazolidinedione
(TZD) pioglitazone and the glucagon-like protein 1 receptor ago-
nists (GLP-1 RAs) liraglutide and semaglutide. To date, there are no
known long-term hepatic or mortality outcomes from large ran-
domized controlled trials.

In the longest randomized controlled trial [87] with pioglita-
zone, 101 participants with prediabetes or T2D and biopsy-proven
MASH were prescribed a hypocaloric diet (500-kcal/day deficit)
and then randomly assigned to pioglitazone 45 mg/day or placebo
for 18 months, followed by an 18-month, open-label phase with
pioglitazone treatment. Among those randomly assigned to pio-
glitazone, 58% achieved the primary outcome of reduction of at
least 2 points in NAFLD activity score in 2 histologic categories
without worsening of fibrosis. The secondary outcome of resolution
of MASH was observed in 51% of those randomized to pioglitazone
treatment, which was also associated with improvement in
individual histologic scores, including the fibrosis score. A meta-
analysis [88] including 4 randomized, double-blind, placebo-
controlled trials addressed the effects of pioglitazone in individuals
with prediabetes or T2D combined with MASLD. Compared with
placebo, pioglitazone significantly improved steatosis grade,
inflammation grade, and degree of ballooning, whereas there was
no significant improvement in liver fibrosis stage with pioglitazone
compared with placebo. Low doses of pioglitazone can improve
diabetes management [89] and may also be beneficial in MASH
[90]. Some meta-analyses have confirmed a benefit in steatohe-
patitis and suggested some benefit in fibrosis [91]. Two random-
ized, controlled trials of GLP-1 RAs in biopsy-proven individuals
with MASH have been reported. The LEAN trial [92] randomized 52
individuals with MASH to receive liraglutide 1.8 mg/day or placebo.
At trial end, 45 (87%) participants had paired (baseline, 48-week)
liver biopsies, received treatment, and were included in the
intention-to-treat analysis of the primary outcome. Nine (39%) of
23 participants in the liraglutide group had resolution of definite
MASH with no worsening of fibrosis, whereas 2 (9%) of 22 indi-
viduals on placebo had histologic improvement (relative risk 4.3,
95% confidence interval [CI] 1.04 to 17.74, p=0.019). Similar pro-
portions of individuals with (3 of 8 [38%]) and without (6 of 15
[40%]) T2D achieved the primary outcome with liraglutide treat-
ment, whereas both responders assigned to placebo who achieved
histologic improvement did not have T2D at baseline. A random-
ized, placebo-controlled trial [93] with once-daily subcutaneous
semaglutide over a 72-week treatment period in 320 people with
biopsy-proven MASH (62% with T2D and 70% with F2 or F3 fibrosis
at baseline) reported resolution of steatohepatitis in 59% of

participants randomized to the higher dose (0.4 mg/day semaglu-
tide) compared with 17% in the placebo group (p<0.001). In addi-
tion, those assigned to the higher dose GLP-1 RA had significantly
reduced progression of liver fibrosis (4.9% with semaglutide 0.4 mg/
day compared with 18.8% on placebo). However, semaglutide did
not significantly affect the stage of liver fibrosis. An improvement in
fibrosis stage occurred in 43% of the participants in the 0.4-mg
group and in 33% of those in the placebo group (p=0.48).

It should be noted that the recently published phase 2 trial with
tirzepatide (a dual agonist of glucose-dependent insulinotropic
polypeptide and GLP-1) is not included in the current chapter
recommendations because the publication date was after the
literature search had already been completed. As per the conclusion
of this trial, which involved participants with MASH and moderate
or severe fibrosis, “treatment with tirzepatide for 52 weeks was
more effective than placebo with respect to resolution of MASH
without worsening of fibrosis” [94].

Sodium-glucose cotransporter-2 (SGLT2) inhibitors may
improve hepatic steatosis, but do not have evidence for histologic
improvement of steatohepatitis or fibrosis. The EFFECT-II study [95]
investigated randomization to dapagliflozin and omega-3 carbox-
ylic acids, individually or combined, on liver fat content in people
with T2D and MASLD. In this trial, only the combination treatment
reduced liver MRI-PDFF and total liver fat volume in comparison
with placebo. An study from Egypt that included 240 people [96]
with MASLD and T2D suggested that those randomly allocated to
empagliflozin 25 mg/day had a decrease in liver fat content on MRI-
PDFF compared with placebo.

In conclusion, there is some published evidence with specific
antihyperglycemic agents for the treatment of MASH, but the ben-
efits with pioglitazone and GLP-1 RAs observed to date are limited to
people with MASLD without cirrhosis. Treatment advancement or
adjustment for people with T2D should continue to follow the rec-
ommendations from the Diabetes Canada CPG chapter [97]. A pref-
erential consideration for pioglitazone or subcutaneous semaglutide
may be warranted in people with T2D and MASH (F2 or F3). Com-
bination of pioglitazone and GLP-1 RA improves diabetes manage-
ment and is associated with weight loss [98], and is reported to
reduce hepatic steatosis and may prevent MASH progression [99].
Further information regarding non-MASLD effects, advantages, dis-
advantages, and precautions related to antihyperglycemic agents use
in T2D is available in the Diabetes Canada guideline [97].

Recommendation

5. In individuals with T2D and MASLD-related liver fibrosis (F2 or
F3), pioglitazone [Grade A, Level 1A] [87,88,100] or subcu-
taneous semaglutide [Grade D, Level 4] [101] may be consid-
ered over other antihyperglycemic agents to achieve optimal
glycemia, which may reduce steatohepatitis and progression of
fibrosis.

Trials of MASH-targeted therapies

A healthy diet and regular exercise are the cornerstones of
MASLD treatment in people with prediabetes or T2D [33].
Improving diet quality and increasing physical activity supports
both liver health and cardiovascular health, enhancing metabolic
outcomes. Some T2D medications show promise in reducing liver
fat, transaminases, or fibrosis, making them valuable for glycemic
management in MASLD [33].

Clinical trials for MASH have expanded rapidly, with several
promising drugs currently in development. Effective therapies
target hepatic steatosis, inflammation, oxidative stress, and fibrosis
[102]. Strategies include insulin sensitizers, anti-inflammatory
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agents, antioxidants, and antifibrotic therapies, with combination
approaches showing potential for enhanced outcomes [102].

Vitamin E, a liposoluble antioxidant, has demonstrated anti-
inflammatory effects, achieving MASH resolution in adults and
children without T2D in 2 trials, yet showing no benefit for fibrosis
[103,104]. However, its use is not recommended for people with
T2D due to limited efficacy and safety concerns [67,105,106]. The
European Society for Clinical Nutrition and Metabolism guidelines
advise its use only in individuals without diabetes with confirmed
MASH.

Resmetirom, a selective thyroid hormone receptor-beta agonist,
showed significant reductions in liver fat and MASH resolution in
phase 2 trials [107]. In phase 3 trials (MAESTRO-NASH), resmetirom
achieved MASH resolution and fibrosis improvement in people
with T2D and significant fibrosis (F2—F3), leading to US Food and
Drug Administration approval in March 2024 [108]. Resmetirom
has not been approved by Health Canada at time of writing.
Treatment monitoring for thyroid and gonadal function is recom-
mended [109,110].

Several new agents show potential as MASH-targeted therapies.
Peroxisome proliferator—activated receptor agonists, such as
lanifibranor and saroglitazar, show promise for treating MASH in
T2D [111—113]. Lanifibranor targets all 3 peroxisome proliferator—
activated receptor isoforms, improving insulin sensitivity, and
reducing hepatic steatosis, inflammation, and fibrosis. Efrux-
ifermin, a fibroblast growth factor 21 (FGF21) analogue, and alda-
fermin, which targets FGF19, have shown promise in improving
metabolism, reducing hepatic fat, and offering potential thera-
peutic benefits for MASH [114—117]. Other FGF-based therapies,
such as pegozafermin, are under investigation [102,118]. Farnesoid
X receptor agonists, such as tropifexor and vonafexor, modulate
lipid and carbohydrate metabolism, and reduce hepatic inflam-
mation and fibrosis. Tropifexor and vonafexor have shown promise
in phase 2 studies [119—125]. Firsocostat, an acetyl-CoA carbox-
ylase inhibitor under investigation for combination therapy,
reduces liver fat content but increases plasma triglycerides [126].

The MASLD treatment landscape is rapidly evolving, with mul-
tiple agents in development targeting different disease pathways.
Ongoing trials will determine the efficacy and safety of these
therapies, shaping future clinical management.

Therapies for vascular protection in diabetes with MASLD

CVD is the leading cause of mortality in people living with
MASLD [127]. Advanced fibrosis is associated with a higher risk of
CV-related mortality, and more advanced fibrosis is more
commonly found in people living with T2D and MASLD [3]. The
potential pathophysiologic mechanisms linking CVD and MASLD
are complex and include pathways involving insulin resistance,
inflammation, increased thrombosis, microbiome alteration, etc.
However, the details are beyond the scope of these guidelines [127].

1. Statin: Statins have been the cornerstone of CVD prevention and
management for decades. They have been widely used globally
as they improve CV outcomes, especially in people with T2D
who are at risk for CVD [2]. Diabetes Canada recommends the
use of a statin for people with T2D to keep low-density lipo-
protein at <2.0 mmol/L or at 50% reduction from baseline, with
the alternative target being non-HDL cholesterol at <2.6 mmol/L
or apolipoprotein B at <0.8 g/L (with tighter targets in the
presence of atherosclerotic cardiovascular disease (ASCVD) as
per the Canadian Cardiovascular Society lipid guidelines) for CV
protection purposes [128]. We now understand the benefits of
statins beyond their lipid-lowering effects, including anti-
inflammatory and anticoagulation effects [129,130]. The bene-
ficial effect of statins on MASLD is not fully understood, as statins

do not seem to reduce fat content in the liver. However, it has
been postulated that the risk of MASH is mitigated by lipid-
lowering, antioxidant, anti-inflammatory, and antifibrotic
effects [131,132]. Treatment of lipids in people with T2D should
continue to follow the lipid guideline recommendations from
the Canadian Cardiovascular Society (https://ccs.ca/guidelines-
and-clinical-practice-update-library).

Despite the significant benefits of statins, and with multiple
guidelines strongly recommending the use of statins in people with
T2D due to their increased risk of CVD, statins traditionally have
been underutilized. A longitudinal observational study revealed
that only 55.8% of individuals with at least one indication for statin
therapy were actually prescribed a statin, with even lower pre-
scription rates observed among those living with MASLD. Thirty-
seven percent of the people with MASLD and CVD were on a
statin. More advanced liver disease was one of the barriers to statin
prescription, which resonates with the previous research findings
due to the concerns about hepatotoxicity of statins by HCPs and the
people they treat [133]. However, it is essential to note that severe
drug-induced liver injury from statin use is exceedingly rare [134].
Rhabdomyolysis is another side effect that causes concern [134].
Multiple studies have shown the safety of statins in compensated
cirrhosis, and it is widely accepted that statins can be used safely in
the compensated cirrhotic stage [134,135], although doses may
need to be altered and should be discontinued or used with
extreme caution in decompensated cirrhosis [7]. At the time of this
guideline writing, there are no Canadian guidelines specifically
guiding HCPs on discontinuing statins in the context of liver dis-
ease. After reviewing the relevant available data, the authors of this
chapter recommend use of statins in people with T2D and MASLD,
including compensated cirrhosis for cardiovascular risk reduction,
but to discontinue use in people with decompensated cirrhosis.

2. Aspirin (ASA): Platelets are the first group of cells infiltrating the
liver, promoting inflammation. Preclinical studies have shown that
ASA can reduce hepatic steatosis and necroinflammation while
preventing fibrosis and hepatocellular carcinoma[136]. Additional
effects of ASA include anti-inflammatory and antitumour effects
[18]. These findings are consistent with the observational studies
with ASA, which were associated with reduced risk of fibrosis
progression [137] and development of HCC [138]. Most recently, a
small, phase 2, double-blind, randomized controlled trial
demonstrated a reduction in hepatic steatosis in cohorts using ASA
81 mg/day for 6 months [133]. More extensive studies with larger
cohorts are required to identify the full effect of low-dose ASA in
MASLD, especially in fibrosis progression and development of
HCC. Diabetes Canada recommends use of low-dose ASA in certain
populations with T2D (see the “Cardiovascular Protection in Peo-
ple with Diabetes” chapter) [139].

3. Other potential options in the future: Both angiotensin-
converting enzyme (ACE) inhibitors and angiotensin-receptor
blockers (ARBs) have been associated in prevention of liver-
related events, including liver cancer and cirrhosis, likely due
to their anti-inflammatory, anti-immunomodulatory, and
antifibrotic effects [140]. Of note, Diabetes Canada has made
preferential recommendations for using ACE inhibitors and
ARBs as the choice of antihypertensive agents in the presence
of chronic kidney disease and/or CVD. One systematic review
examining the relationship between obstructive sleep apnea
(0OSA) and MASLD, showed an increased prevalence of OSA in
people living with MASLD, whereas severity of MASLD corre-
lated with the severity of OSA [141]. However, the strength of
evidence in these studies for guideline recommendations was
weak, and larger, randomized controlled trials will be needed
to firmly establish the relationship between ACE inhibitors or
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ARBs with MASLD, and OSA and MASLD. Therefore, we are
unable to make recommendations on the use of ACE inhibitors
and ARBs and actively screening and treating OSA in the
context of MASLD [142].

Recommendation

5. Individuals with T2D and MASLD should be treated with sta-
tins, which can be continued in the absence of decompensated
liver cirrhosis, to reduce their CV risk [Grade D, Level 4] [33].

Conclusion

The high prevalence of MASLD, MASH, and advanced liver fibrosis
among people with T2D highlights the critical need for compre-
hensive screening and management strategies. The staging of liver
fibrosis is crucial as it provides essential prognostic information that
guides treatment decisions and predicts individual outcomes. As
such, it is recommended that all people with T2D undergo screening
for advanced liver fibrosis, with the FIB-4 serving as the first-line
screening tool due to its effectiveness and ease of use. The goal in
primary care settings is to identify people with low risk of having
advanced liver fibrosis, specifically those with an FIB-4 score of
<1.30. These people can be managed by their primary care physician
or endocrinologist. People found to be at risk of advanced liver
fibrosis should be promptly referred to a specialist in gastroenter-
ology or hepatology for further evaluation and management,
ensuring that they receive appropriate and specialized care.

For people with liver cirrhosis resulting from MASLD, periodic
surveillance for liver-related complications, such as HCC and
esophageal varices, is essential to facilitate early detection
and treatment. Therefore, we recommend ultrasonography and
obtaining serum alpha-fetoprotein levels every 6 months to detect
HCC, investigate for features of clinically significant portal hyper-
tension via upper GI endoscopy to find the esophageal varices, and
examine for the clinical signs and symptoms of hepatic decom-
pensation to optimize liver-related outcomes.

Health behavioural interventions are the cornerstone in the
management of MASLD. Promoting weight loss, adherence to a
healthy eating pattern such as the Mediterranean diet, and regular
physical activity can significantly improve liver health and overall
metabolic control.

In addition, selection of antihyperglycemic medications with
benefits for MASLD, such as pioglitazone and GLP-1 RAs, should be
prioritized to enhance both glycemic management and liver out-
comes. Given the increased CV risk associated with T2D and MASLD,
it is imperative to conduct thorough stratification for all affected
individuals. Statin therapy should be administered to all people with
T2D and MASLD to manage this risk, including those with
compensated cirrhosis, irrespective of liver transaminase levels. This
approach ensures that CV health is adequately addressed, which is
crucial for reducing morbidity and mortality in this population.

In summary, the integration of liver disease management with
diabetes care is essential for improving health outcomes. By
implementing comprehensive screening, appropriate referrals,
surveillance of cirrhosis complications, lifestyle interventions, and
targeted pharmacotherapy, HCPs can effectively address the com-
plexities of MASLD in people with T2D, ultimately enhancing their
quality of life and clinical outcomes.

Recommendations
1. Consider screening all individuals with prediabetes or T2D,

especially with regard to the features of metabolic syndrome
for MASLD-related liver fibrosis, by measuring ALT, AST, and

platelets to calculate the FIB-4 score to detect advanced liver
fibrosis (Grade B, Level 2) [53], rather than only measuring ALT
and AST [Grade B, Level 2] [53], and identify individuals
requiring further investigation, follow up, or referral (see
Figure 6) due to increased morbidity and mortality [Grade C,
Level 3] [26—28,63]:

a. In individuals with a low probability of advanced liver
fibrosis (FIB-4 score <1.3), manage metabolic syndrome
[Grade C, Level 3] [33,51,52] and consider repeat screening
with FIB-4 score every 1 to 2 years [Grade D, Consensus].

b. In individuals with intermediate probability of advanced
liver fibrosis (FIB-4 score 1.30 to 2.67), additional testing,
such as liver stiffness measurement (i.e. transient elastog-
raphy) or an alternative test (i.e. ELF), may be performed to
further stratify risk [Grade B, Level 2] [53,64]. Referral to
gastroenterology/hepatology may be considered if these
tests are not available [Grade D, Consensus].

c. In individuals with a high probability of liver fibrosis (FIB-4
score >2.67), referral to hepatology is recommended [Grade
C, Level 3] [51,65].

2. In people with MASLD cirrhosis (stage F4), routine surveillance
is reccommended [Grade D, Level 4] by [62]:

a. Using ultrasonography and serum alpha-fetoprotein levels
every 6 months to detect HCC.

b. Looking for features of clinically significant portal hyper-
tension to identify individuals who require upper GI
endoscopy to find esophageal varices.

c. Clinical signs and symptoms of hepatic decompensation to
optimize liver-related outcomes.

3. Individuals with T2D and MASLD-related liver fibrosis should
aim for sustained reductions in body weight of 5% to 10% to
improve glycemia and insulin sensitivity and decrease hepatic
steatosis. A weight loss of >10% is recommended to increase
the chance to reverse fibrosis [Grade B, Level 2] [72].

4. Individuals with T2D and MASLD-related liver fibrosis should
be supported toward healthy behaviour interventions,
including physical activity and healthy dietary patterns, such as
the Mediterranean diet, that best align with the individual’s
values, culture, preferences, and treatment goals, allowing
greatest adherence over the long term to achieve optimal gly-
cemia and improve insulin sensitivity and components of
metabolic syndrome [Grade C, Level 3] [86].

5. In individuals with T2D and MASLD-related liver fibrosis (F2 or
F3), pioglitazone [Grade A, Level 1A] [88,89,100] or subcu-
taneous semaglutide [Grade D, Level 4] [101] may be consid-
ered over other antihyperglycemic agents to achieve optimal
glycemia, which may reduce steatohepatitis and progression of
fibrosis.

6. Individuals with T2D and MASLD should be treated with sta-
tins, which can be continued in the absence of decompensated
liver cirrhosis, to reduce their CV risk [Grade D, Level 4] [33].
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