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The hidden liver burden
In type 2 diabetes

A call to action for clinical laboratories
By Anna Loh, MD; Shalini Verma, MD, FCAP

ingly recognized as a multisystem

cardiometabolic disease extend-
ing beyond glycemic dysregulation
alone. Contemporary clinical guide-
lines now emphasize comprehensive
assessment of cardiovascular, renal,
and hepatic risk, creating new op-
portunities for the clinical laboratory
to play a central role in early disease
detection and risk stratification.

Among these emerging priorities,
metabolic dysfunction-associated stea-
totic liver disease (MASLD) has become
one of the most common and underrec-
ognized comorbidities in patients with
T2DM,! with the conditions exacerbating
each other.? Driven by insulin resistance,
obesity, and chronic inflammation,
MASLD and T2DM share overlapping
pathophysiologic mechanisms that sig-
nificantly increase cardiovascular and
end-organ risk.?

Reflecting this evolving understand-
ing, clinical management has shifted
from a traditional“glucose-centric”focus
on HbAlc toward a broader, muti-organ

Type 2 diabetes (T2DM) is increas-
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approach to cardiometabolic risk man-
agement. Epidemiologic data show that
more than 60% of people with T2DM
have MASLD, and up to 30% progress
to metabolic dysfunction-associated
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1. Describe the relationship between type 2 diabetes
mellitus (T2DM), metabolic syndrome, and metabolic
dysfunction—associated steatotic liver disease (MASLD).

2. ldentify the major clinical complications and risk factors associated with
advanced liver fibrosis in patients with T2DM.
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4. Evaluate the role of the clinical laboratory in fibrosis risk stratification, guideline-
supported testing workflows, and population-based diabetes care management.
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50% of T2DM patients had severe hepatic
steatosis, while approximately 20%
exhibited advanced fibrosis.* Because
fibrosis is often clinically silent, proac-
tive identification of high-risk patients
has become increasingly important.
For laboratories, this shift represents
an expanded role in identifying patients
at risk before irreversible liver disease
develops. Historically, liver biopsy
served as the primary method for
fibrosis assessment. However, biopsy
has recognized limitations and several
validated non-invasive tests (NITs),
including imaging and blood-based
biomarkers, are now incorporated into
clinical care pathways and guideline
recommendations from organizations
including the American Diabetes As-
sociation (ADA), American Association
of Clinical Endocrinology (AACE),
American Association for the Study of
Liver Diseases (AASLD), and American
Gastroenterological Association (AGA).

Metabolic syndrome and

liver disease: Closing

the awareness gap

Approximately 65% of patients with
T2DM develop metabolic syndrome
(MetS), which frequently precedes or ac-
companies diabetes and is characterized
by central obesity, glucose intolerance,
hyperinsulinemia, low high-density
lipoproteins (HDLs) levels, elevated
triglycerides (TGs), and hypertension.
Insulin resistance is the primary driver
of both MetS and T2DM.?

The combination of MetS and T2DM
creates a prothrombotic (clot-prone) and
pro-inflammatory state that acceler-
ates vascular and end-organ damage,
contributing to both microvascular and
macrovascular complications.>® Key
complications include the following:
¢ Cardiovascular disease and ath-
erosclerosis
Peripheral arterial disease
Nephropathy
Retinopathy
Neuropathy
Dyslipidemia
Sleep apnea
Polycystic ovarian syndrome
(PCOS)

This metabolic environment also ac-
celerates progression of liver disease,
particularly fibrosis, which is the leading
cause of liver-related morbidity and
mortality.” Because advanced fibrosis is
associated with increased liver-related
and cardiometabolic risk, there is
growing interest in incorporating fi-
brosis assessment into broader chronic
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Figure 1. Guideline-Recommended Stepwise Fibrosis Risk Assessment
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disease management strategies. This
shift further expands the importance
of scalable, laboratory-supported risk
stratification approaches.

The clinical impact of
underrecognized liver
fibrosis in T2DM
A major challenge in managing MASLD
and MASH in patients with T2DM is
the silent progression of liver fibrosis.
Unlike acute liver injury, fibrosis often
advances without symptoms and may
remain undetected until irreversible
complications such as cirrhosis, portal
hypertension, or HCC develop. Routine
liver enzyme testing lacks sufficient
sensitivity to reliably identify patients
with advanced fibrosis, and normal
aminotransferase levels do not exclude
clinically significant disease.
Advanced liver fibrosis in patients
with T2DM is associated with substan-
tially increased all-cause mortality,
driven not only by liver-related out-
comes but also by cardiovascular disease
and chronic kidney disease. Unlike ste-
atosis, fibrosis severity is the strongest
predictor of liver-related and all-cause
mortality in MASLD with cardiovascular

being the leading cause of patient death
in this population.

From a health system perspective,
delayed diagnosis leads to higher uti-
lization of specialty care, emergency
admissions, and transplant services. In
contrast, early risk stratification enables
targeted lifestyle interventions and phar-
macologic therapies that may slow or
even reverse disease progression.These
realities have shifted the clinical focus
from detection of steatosis to proactive
identification of fibrosis risk, an area
where laboratory-based non-invasive
tests (NITs) play a pivotal role.

Guideline evolution: What's
new from ADA and AACE
Recent guideline updates increasingly
recognize liver disease as a major co-
morbidity in T2DM. In 2025, the ADA
acknowledged that liver health has been
overlooked amongst those with predia-
betes and T2DM despite the substan-
tially increased prevalence of MASLD
and MASH in these populations.
Similarly, the AACE 2026 guidelines
for management of adults with T2DM
elevate MASLD and MASH to the same
level of clinical importance as chronic
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kidney disease and cardiovascular disease when guiding
treatment decisions. This reflects a broader shift away from
glucose management alone toward integrated cardiometabolic
risk reduction.?

Because fibrosis is the strongest predictor of liver-related
and non-liver outcomes in MASLD, both ADA and AACE
now recommend structured fibrosis risk assessment using
non-invasive testing. Note that AACE guidelines were written
in 2022 and use the previous nomenclature of non-alcoholic
fatty liver disease (NAFLD) for MASLD. Current guidance
recommends initial assessment with the Fibrosis-4 (FIB-4)
Index followed by secondary evaluation using the Enhanced
Liver Fibrosis (ELF) test or vibration-controlled transient elas-
tography (VCTE) in patients with indeterminate or elevated
FIB-4 scores (See Figure 1).

Across professional societies, the convergence toward
non-invasive, stepwise fibrosis assessment reflects a shared
recognition that traditional referral-based models are insuf-
ficient to manage the scale of MASLD in patients with T2DM.
Given the high prevalence of disease and limited specialist
capacity, guidelines emphasize risk stratification tools that
are accessible, scalable, and cost-effective.The recommended
two-step approach prioritizes sensitivity to minimize missed
cases while reducing unnecessary referrals.

This approach also aligns with population health strategies
increasingly adopted by healthcare systems, where early iden-
tification of high-risk individuals enables focused intervention.
By embedding fibrosis assessment into routine diabetes care,
guidelines aim to shift liver disease management upstream,
before irreversible damage occurs.

Non-invasive techniques (NITs):

The laboratory perspective

Liver biopsy remains the gold standard for diagnosing MASH,
but its invasive nature, cost, and associated risks limit wide-
spread use. NITs, including blood-based biomarkers and
imaging modalities are now preferred for identifying patients
at low or high risk for advanced fibrosis and are increasingly
replacing biopsy in routine clinical pathways.’

Active fibrosis risk stratification of liver disease in T2DM
typically follows a stepwise NIT-based approach beginning
with simple blood-based screening and progressing to more
specialized testing for intermediate- or high-risk patients. This
strategy helps identify patients at greatest risk for progres-
sion to cirrhosis and associated complications while reducing
unnecessary specialty referrals and healthcare costs.”

These modalities differ in accessibility, cost, and perfor-
mance, allowing their use to be tailored within stepwise
clinical pathways.

FIB-4 index.The FIB-4 index is a widely used, non-invasive,
and inexpensive blood-based calculation, incorporating age,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and platelet count to estimate liver fibrosis risk. Its
primary strength lies in its high negative predictive value
(NPV) for ruling out advanced fibrosis. Of note, it has limited
accuracy in diagnosis and a high rate of false positives. Because
FIB-4 uses routinely available laboratory testing data, it is es-
pecially well suited for automated calculation and large-scale
population screening. However, performance of FIB-4 index
can be affected by comorbidities, and it may not be accurate in
patients over 65 years or in patients with diabetes." Patients
with FIB-4 scores > 1.3 are recommended for secondary as-
sessment, while those with scores > 2.67 should be considered
for hepatology referral.
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Enhanced liver fibrosis (ELF) test.The ELF test is a vali-
dated blood-based test granted FDA De novo marketing
authorization that measures biomarkers associated with
extracellular matrix remodeling and fibrosis progression,
including hyaluronic acid (HA), procollagen III N-terminal
peptide (PIIINP), and tissue inhibitor of metalloproteinase-1
(TIMP-1). ELF scores have demonstrated utility in assessing
the risk of advanced fibrosis and provide prognostic infor-
mation regarding disease progression when interpreted
in conjunction with other clinical and laboratory findings.
Because ELF reflects extracellular matrix remodeling and
active fibrogenesis, it may provide complementary prognostic
information within broader non-invasive fibrosis assessment
strategies and support longitudinal risk evaluation in patients
with chronic liver disease.

Across professional societies, the convergence
toward non-invasive, stepwise fibrosis
assessment reflects a shared recognition

that traditional referral-based models are
insufficient to manage the scale of MASLD in
patients with T2DM.

Vibration-controlled transient elastography (VCTE).VCTE
(Fibroscan) is a non-invasive imaging technology used to
measure liver stiffness and fat content (steatosis). It provides
arapid and painless alternative to liver biopsy and is widely
used in MASLD assessment, although performance may be
limited in patients with ascites, severe obesity, or severe
narrow ribs® (if the probe cannot reach the liver), and it can
have significant intra- and inter-operator variability.

Magnetic resonance elastography (MRE).MRE is an ad-
vanced, non-invasive imaging modality that uses MRI-based
technology to quantitively assess liver stiffness as a surrogate
for fibrosis. It provides a highly reproducible and accurate
measure of fibrosis across the full disease spectrum and has
demonstrated strong diagnostic performance for detecting
both significant and advanced fibrosis. Compared with
ultrasound-based elastography techniques, MRE offers
high diagnostic accuracy and lower operator dependence.
However, its use is limited by cost, availability, and the need
for specialized imaging infrastructure, which can restrict
access in routine clinical practice.”

Practical considerations for clinical laboratories
Some laboratories have implemented automated fibrosis
risk workflows in which FIB-4 calculations are generated
directly within laboratory information systems and paired
with standardized interpretive comments. In selected care
models, elevated or indeterminate results may trigger reflex
pathways for secondary assessment using imaging or spe-
cialized blood-based fibrosis testing, helping support more
consistent risk stratification across large patient populations.

Clinical laboratories support fibrosis risk assessment
through their central role in generating the test results
used in initial evaluation. Routine metabolic panels already
include key analytes used in calculating FIB-4, enabling
laboratories to facilitate access to these assessments and
support identification of patients who may benefit from
further evaluation.
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In clinical practice, patients with
indeterminate or elevated fibrosis
risk scores may undergo additional
non-invasive testing to further
inform risk stratification and clini-
cal decision-making, consistent with
published guideline approaches. Labo-
ratories may support these workflows
by enabling access to additional testing
and by standardizing reporting formats
to improve clarity and consistency of results. Such approaches
can help reduce variability in ordering practices and support
timely clinical evaluation. Laboratories that have adopted
reflex workflows report improved identification of low-risk
patients who can be safely managed in primary care, alongside
more efficient triage of patients requiring specialty referral.™

Effective implementation requires collaboration with
clinical stakeholders to align reporting practices, interpreta-
tive language, and integration into existing care pathways.
Electronic health record integration is particularly important
to ensure fibrosis risk results are clearly displayed and inter-
preted within the appropriate clinical context. Interpretative
comments accompanying calculated scores or biomarker
results may further support clinicians by providing context
consistent with current clinical guidance.

From a value-based care perspective, laboratory-supported
approaches to fibrosis risk assessment may contribute to more
efficient patient identification and appropriate care escalation,
with the goal of improving clinical outcomes through earlier
evaluation. As new therapeutics for MASH become available,
the demand for scalable and clinically integrated approaches
to fibrosis assessment is expected to increase, further expand-
ing the laboratory’s role in metabolic disease management.

Looking ahead, the integration of MASLD and MASH into
diabetes care pathways is expected to further expand the role
of the clinical laboratory in population health management
and preventative care. Continued advances in laboratory
diagnostics, including novel biomarkers, molecular assays,
and digital risk stratification tools, are likely to further refine
fibrosis assessment and disease monitoring. Ensuring stan-
dardization, appropriate test utilization, and integration
into clinical workflows will be essential to realizing the full
potential of these approaches in routine diabetes care.
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Conclusion

Management of T2DM has evolved beyond HbAlc control
toward comprehensive assessment of cardiometabolic risk,
including liver disease. As recognition of MASLD and MASH
continues to grow, non-invasive fibrosis assessment is be-
coming an increasingly important component of diabetes
care pathways.

This evolution presents a significant opportunity for clinical
laboratories. Through implementation of automated fibrosis
scoring, coordinated use of non-invasive testing, and stan-
dardized reporting practices, laboratories can help support
earlier identification of patients at risk for advanced fibrosis
and facilitate timely clinical evaluation.

As clinical guidelines increasingly integrate liver fibrosis
assessment into routine diabetes management, collaboration
among laboratories, primary care providers, endocrinologists,
and hepatology specialists will become increasingly impor-
tant. Clinical laboratories are uniquely positioned to support
scalable population-level fibrosis risk stratification through
automated workflows, standardized reporting, and integration
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of non-invasive testing into routine cardiometabolic care path-
ways. As metabolic disease management continues to evolve
toward multi-organ risk assessment, the laboratory will play
an increasingly central role in early disease identification and
coordinated patient care. &

This article is intended solely for educational and scientific
exchange purposes and is not intended as medical advice or to
promote any specific product, service, or commercial activity.
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