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Learning Objectives

1. Discuss the pathogenesis, systemic nature, and epidemiology of
MASLD.

2. Define the subpopulations of patients at high risk of progressive
liver disease who would benefit from screening for liver fibrosis.

3. Describe the appropriate diagnostic approach to screen for liver
disease among patients at high risk of liver disease in the primary
care setting.

(©) CONTINUING EDUCATION COMPANY

1. MASLD as a systemic disease

2. Definitions and magnitude of the problem.
3. The metabolic consequences of MASLD.

4. Diagnostic approach and screening.
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Pathophysiology
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Pathophysiology
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Bril F. Lipotoxicity figure. Zenodo. 2025. doi:10.5281/zenodo.16294108.
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Definitions

Steatotic Liver Disease (SLD)

v v

. . Specific
MASLD and increased alcohol intake* Alcohol- etFi)ology Cryptogenic SLD
Metabolic Dysfunction (MetALD) Associated SLD
Associated Steatotic (Alcohol-
Liver Disease (MASLD) related) Liver
MASLD ALD predominant Disease Drug-
predominant (ALD) induced
Liver injury
i 20/30 30 40 50/60 (DILI)
Average daily alcohol intake (g) _
Metabolic M_onogen:f
Dysfunction Associated diseases

Steatohepatitis (MASH)
Miscellaneous™**

Rinella ME, et al. Hepatology. 2023. 78:1966-1986.
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Definitions

Healthy MASLD
liver fibrosis

- or mild 2F2: clinically significant
\

Y
“At-risk MASH”

Adapted from Godinez-Leiva E and Bril F. Curr Hypertens Rev. 2021;17(2):94-111.
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Epidemiology

~25%
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Epidemiology

~8.5% of world No MASLD

: Isolated steatosis
popul‘;l_tzlgn with ~60% of patients

with advanced
flbrosis have
T2DM

~70% ~25% ‘
...25% ~1 0°/o
World
population Isolated steatosis

k No MASLD )

55°/o

~25%
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Epidemiology
Y

If you saw ELEVEN patients with T2D last
week, and you did not diagnose ONE with
advanced fibrosis, you may have missed it.

\_ v
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Epidemiology

Subjects with diabetes

2017-2020
2021-2023

N
[=]

Prevalence, %
-
o

Clinically Advanced Cirrhosis
significant fibrosis
fibrosis

Bril F, et al. J Endocr Soc 2025;9(8):bvaf110.
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Epidemiology

Probability of Survival (%)
Probability of Survival (%)

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32
Months Months

aHR: adjusted for age, gender, BM|, and LSM
Without diabetes or MASLD (ref)
out MASLD Diabetes without advance
hout diab == Advanced liver fibrosis without d

Diabetes and MASLL (aHR: 2.77 [1.16-6.65], p=0.025) Diabetes and advanced liver fibrosis (aHR: 6.41 [1.03-39.85], p=0.047:)/

Bril F, et al. JAMA Netw Open 2025 (Under review).

Probability of Survival (%)

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32
Months

Low Alc (<8%); Low LSM (<8 kPa) (ref)
High A1c; Low LSM
— Low A1c; High LSM
High LSN (aHR: 11.71 [4.47-30.67], p<0.001)
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Epidemiology

Mortality 453~ Overall
] (x 1000 patients-years) mOI"tallty

237 Liver-related
mortality

0.64
0.3
\ AN n = 1495
' (17.252 py)

Stage 0 Stage 1 Stage 3 Stage 4

Dulai PS, et al. Hepatology. 2017;65:1557—-1565.

+ High IGF-II
/ Changes in immune cells

Insulin clearance Hyperglycemia

MASLD Cytokine dysregulation

Bril F & Elbert A. Metabolism 2025;162:156066.
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Metabolic Consequences

.
Liver Skeletal muscle
100 i 30 -
e z
20
“ Intrahepatic TG o
OfEGP (%) s %) Rd
[ QE——— (mg/kgLBM/min)
20 s
L]
.
1 2 3 4 5 L] T ] ? 10
No NAFLD NARLD 1 2 3 4 S5 & T &8 8 10
Quantiles of Hepatic Triglyceride Content No NAFLD NAFLD
Quantiles of Hepatic Triglyceride Content

Bril et al. Hepatology 2017;65:1132-1144.
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Metabolic Consequences

Small, dense LDL
N ApoB
N peroxidation

Insulin

TG-rich
LDL

1 clearance
renal

J HDL

TG-rich
HDL

ApoB to ApoA1 ratio LDL particle size
0.8+ *p for the effect of NAFLD: p=0.05 226+ *p for the effect of NAFLD: p=0.03
(for obesity: p=0.39) =
2244 (for obesity: p=0.15)
0.7- -
* 2224
0.6- & 2204 _
2184
0.54 2164
2144
e NoNAFLD NAFLD No NAFLD 212
NAFLD NoNAFLD NAFLD NoNAFLD NAFLD
Non-Obese Obese
n=188 Non-Obese Obese

Bril F, et al. J Clin Endocrinol Metab 2016; 101:644-52.
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Metabolic Consequences

Healthy Subject

Apo B

Cholesterol
ester

(mol/imol '*N-HisgApoA-)
(mol/mol N-HisgApoA-])

(mol/mol "*N-HisgApoA-)

(molimol '*N-HisgApoA-)
(mmol/imol **N-HisgApoA-)

Bril F, et al. J Clin Endocrinol Metab. 2022;108(1):42-51.
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Metabolic Consequences

Insulin Secretion Hepatic Insulin Clearance
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Bril F, et al. Hepatology 2014;59:2178-2187.
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Metabolic Consequences

Insulin

Hyperinsulinemia

Na*reabsorption Endothelin-1 SNS activation Nitric oxide (NO)
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Diagnosis
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Diagnosis

PreD or T2DM T2DM PreD or T2DM

Obese i
“Medically complicated obesity”. Qbesity with 21 CMRF

22 cardiometabolic RF ;

Patients with hepatic steatosis
or clinically suspected MASLD |

Steatosis by imaging

Elevated liver enzymes
¢ More than mild OH use

First degree relative with

- " NASH CIIThOSIS. ‘
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Diagnosis

Primary Care or Endocrinology clinics

“Exclude clinically significant fibrosis”
— Age (years) x AST (U
-

Platelets (10%L) x

21.30 (22.0 if 65 or older)

O or @ Hepatology clinics

HA, PIINP, TIMP-1  or US elastography Rule out other causes
Additional stratification
ELF<9.2 ELF>9.2 Consider biopsy

or or

VCTE <8 VCTE > 8

-
\ D D {

Diagnosis

Fibrosis-4 (FIB-4) Index for Liver Fibrosis

Platelets: 350,000 Wihen o se pearsPifalls v Wiy tse
AST: 30 U/L (N:<40)
ALT: 17 U/L (N:<40) - R 56
Age: 56y0 e e iy

A 17 un

Platelet count
350 <10/ &

‘ 1.15 points

[T ———y Y
Approximate fibrosis stage: Ishak 0-1 (Sterling et al 2006)

Copy Results @ Next Steps

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

/Non-invasive Diagnosis of Advanced Fibrosis \

1001

754

PRO-C3: 0.90 (0.85 - 0.95)

ific model: 0.86 (0 78-0.94)t
APRI: 0.86 (0.80 - 0.91)
AST: 0.85 (0.80 - 0.91)
FIB-4:0.78 (0.69 - 0.86
¥10.70 (0.59 - 0.81)
— NAFLD fibrosis score: 0.64 (0.54 - 0.75)

N (I) 2I5 5I0 7I5 160
100 - Specificity (%)

Bril F, et al. Diabetes Care. 2020;43:290-297.

Sensitivity (%)

Diagnosis

Non- Non- Non-
Hispanic Hispanic Hispanic Hispanic p value | Entire cohort
White Black Asian
Advanced Fibrosis (F3-4 vs. F0-2; VCTE 29.7 kPa)
0.61 0.51 0.48 0.72 0.55
FIB-4 (0.51-0.70) | (0.43-0.60) | (0.38-0.58) § (0.57-0.86) ek (0.49-0.60)
Non- Non- Non-
Hispanic Hispanic Hispanic Hispanic p value | Entire cohort
White Black Asian
Cirrhosis (F4 vs. F0-3; VCTE 213.6 kPa)
0.70 0.57 0.44 0.88 0.60
FIB-4 | (0.57-0.84) | (0.43-0.71) I (0.26-0.63) I 0.80-096) | S99 | (051069 | n=6.359

Bril F, Gray M. Obesity (Silver Spring). 2024;32(3):612-622.
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Diagnosis

High degree of incongruence between FIB-4 index and transient elastography
(VCTE or Fibroscan®).

Among 162 patients with advanced fibrosis, Among 166 patients with advanced fibrosis,
FIB-4 index missed ] FIB-4 index missed

Patients without
diabetes (n=4,954)

FIB-4 and TE

FIB-4 false + negative

. . (30.8%) (54.7%) FIB-4 and TE

Patients with negative
diabetes (75.9%)

(n=1,120)

Bril F, et al. Presented at ADA 2024.

Diagnosis

A

Hey! | have really
good non-invasive
tests here
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Diagnosis

AST &

§ AT

Steatosis/MASH Fibrosis

Time

Current cut-offs are too high: 30 U/L for men, 19 U/L for female (ALT); 20U/L for AST?

Diagnosis

* Assess for excessive alcohol use (e.g., AUDIT-C & follow up questions?)

* Consider medications (e.g., estrogen, steroids, amiodarone, methotrexate, etc.)
* HCV antibody with reflex testing of HCV RNA

* Consider HBsAg, HBsAb, HBcAb?

* Consider ANA, AMA, ASMA, immunoglobulins

* Ferritin and transferrin saturation

* Ceruloplasmin

* A1AT

40
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Diagnosis

Number of NASH and clinically significant fibrosis* Advanced fibrosist
participants with
biomarker data ['saved 10 s v )
Number of AUC formarker  AUC for FIB-4. Number of AUC for marker  AUC for FIB-4
participants with participants with
target condition target condition
(K-18M30 795 280(35%) 0-69 (0-65-0-73) 070 (0-66-0-73) | 224 (28%) 070(0-66-074) 079 (0:75-0-82)
CK-18M65 817 281 (34%) 070(0-66-074) 069 (0-65-073) | 228 (28%) 070(0-66-074) 079 (075-0-82)
PRO-C3 444 160 (36%) 068(063-074) 073(068-078) | 126 (28%) 075(070-0.80) 0.76(0.71-0.81)
PRO-C6 229 95 (41%) 0.68(061-075) 070(0-63-077) 82 (36%) 071(063-078) 073 (0-66-0-80)
PRO-C4 391 155 (40%) 063(057-068) 072(067-077) | 123(31%) 066 (0-60-071) 075 (0-70-0.81)
NFS 933 327 (35%) 066 (0-62-0-69) 0-69 (0-66-073) 265 (28%) 075(072-079) 077 (0-74-0-81)
APRI 966 335 (35%) 068(064-071) 069 (066-073) | 273 (28%) 072(0-68-075) 077 (0.74-0-81)
ELF 919 306 (33%) 067 (0-63-071) 068 (0-65-072) 249 (27%) 0-80(0-76-0-83) 077 (0-74-0-81)
SomaSignal 264 122 (46%) 0.81(0.75-0-86) 0-66 (0-60-0-73) 95 (36%) 0-90 (0-86-0-94) 072 (0-66-0.79)
MACK-3 538 185 (34%) 076(071-0-80) 069 (0-64-073)  131(24%) | 074 (0-69-079) 076 (071-0-80) ]
Ca02013 635 236 (37%) [ 067(0-63-072) 069 (0-65-073) ] 189 (30%) 068 (0-64-073) 079 (075-0-83)
ADAPT 444 160 (36%) 077(073-081) 073(068-078) 126 (28%) 085(081-0.89) 076(071-0-81)
FIBC3 440 159 (36%) 074(069-079) 073 (0-68-078) | 124 (28%) 0.82(0.78-0-87) 076(071-081)
ABC3D 440 159 (36%) 074(069-079) 073 (0-68-0-78) 124 (28%) 0-81(0-76-0-85) 076 (0:71-0-81)
LSM-VCTE 632 249 (40%) 074(070-0-78) 066 (0-62-071) 190 (30%) 0-83(0-80-0-86) 073 (0-70-0-78)

Vali VY, et al. Lancet Gastroenterol Hepatol. 2023;8(8):714-725.

Fibroscan \

GO
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Diagnosis

New Scores /

I+

Multiparametric resonance

(cT1 mapping) biomarkers

Agile3+
Agile4
FAST

. R NIS2+

— PRO-C3

2
Shear Stiffness (kPa)

MRE

43

1. MASLD is a systemic disease; mostly a metabolic
condition.

2. Highly prevalent; progressive.
3. Early diagnosis is key.

4. Primary care providers are at center stage in
diagnosing (and treating) these patients.

(©) CONTINUING EDUCATION COMPANY
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