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Increased Prevalence of Advanced Metabolic Dysfunction-
Associated Steatotic Liver Disease Fibrosis in Type 2 
Diabetics Despite Low-Risk Fibrosis-4 Index Scores

Jordan S. Woodarda, b, Gary A. Abramsa

Abstract

Background: The American Gastroenterology Association (AGA) 
guidelines for metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) recommend screening for fibrosis in high-risk sub-
jects with either type 2 diabetes, two or more metabolic risk factors, 
or steatosis on imaging. The 2021 AGA guidelines recommend cal-
culating a fibrosis-4 index (FIB-4) score, and patients with scores 
above low-risk require further workup with FibroScan to assess liver 
stiffness measurement (LSM), a surrogate for liver fibrosis. However, 
FIB-4 scores have been suggested to be less accurate in patients with 
type 2 diabetes. The aim of our study was to identify the prevalence 
of significant to advanced fibrosis in subjects with a low-risk FIB-4 
value with FibroScan’s LSM in type 2 diabetes.

Methods: A total of 1,153 subjects were referred to our liver center 
between August 2019 and September 2022; 1,114 subjects met MA-
SLD criteria with data to calculate FIB-4 values. Subjects were cat-
egorized into age adjusted low-risk FIB-4 groups. Diagnosis of diabe-
tes was determined by medical history.

Results: Low-risk age-adjusted FIB-4 scores were observed in 68.3% 
of older subjects and 73.4% of younger subjects (P = not significant 
(NS)). In the older group and younger cohorts, a LSM ≥ 10 kPa was 
noted in 21% suggesting advanced liver fibrosis. Seventy-one point 
six percent of older diabetic subjects had low FIB-4 values, similar 
to 67.2% of young diabetic subjects with low FIB4 values. Overall, 
72% of subjects would not have been referred for FibroScan per AGA 
criteria. Despite low-risk FIB-4 scores, 257 subjects had LSM greater 
than or equal to 8 kPa and 148 underwent a liver biopsy. Forty-eight 
percent of patients with biopsies had significant fibrosis (F2-4), pre-
dominately affecting subjects with type 2 diabetes.

Conclusions: Diabetic subjects, despite having a low-risk FIB-4 tests, 
were four-fold more likely to demonstrate significant to advanced fi-

brosis, highlighting the limitations of FIB-4 in these individuals.
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Introduction

Metabolic dysfunction-associated steatotic liver disease (MA-
SLD) is the leading cause of chronic liver disease. The world-
wide prevalence has increased from 5.5% to 32% over the past 
30 years [1, 2]. MASLD is an umbrella term that includes a 
spectrum of liver injury including steatosis, metabolic dysfunc-
tion-associated steatohepatitis (MASH), fibrosis, and ultimately 
cirrhosis. MASLD is strongly associated with obesity, insulin 
resistance, metabolic syndrome, and type 2 diabetes. The in-
creasing MASLD prevalence correlates with the current obesity 
epidemic and subsequent increase in metabolic disorders. Within 
the United States, the prevalence of MASLD is nearly two-fold 
greater in men and varies by ethnicity, affecting Hispanics (45%) 
more than White (33%) and Black (25%) individuals [2-4].

Long-term liver complications arise in the setting of 
moderate-to-advanced fibrosis (F2-4) [5]. Subjects with type 
2 diabetes have a 65% prevalence of some fibrosis, and 38% 
have advanced fibrosis (F3-4) [6, 7]. Multiple metabolic risk 
factors increase the risk of fibrosis and cirrhosis. When com-
pared to patients with metabolic trait (0 - 1) (defined as central 
obesity, triglycerides > 150 mg/dL, reduced high-density lipo-
protein (HDL), < 40 mg/dL in men and < 50 mg/dL in women, 
hypertension, and raised fasting glucose), those with two or 
more metabolic traits had nearly two-fold increase in risk for 
progression to cirrhosis [8]. In patients with diabetes, obesity, 
dyslipidemia, and hypertension, the risk of progression to cir-
rhosis was increased by 2.6-fold [8].

The 2021 American Gastroenterology Association (AGA) 
guidelines recommend outpatient screening for all patients with 
type 2 diabetes, two or more metabolic traits, hepatic steatosis on 
imaging or elevated transaminases, because of the increased risk 
for advanced fibrosis and cirrhosis [9]. The suggested algorithm 
for MASLD/fibrosis screening is calculating a fibrosis-4 index 
(FIB-4) score using age, alanine transaminase (ALT), aspartate 
aminotransferase (AST), and platelets to categorize patients at 
higher risk for fibrosis [9]. A FIB-4 < 1.3 is considered low risk 
for advanced fibrosis or cirrhosis and can be managed by prima-
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ry care with repeat noninvasive testing (NIT) every 2 - 3 years; 
however, those with FIB-4 > 2.67 are at high risk and should be 
referred to a hepatologist [9]. Indeterminate risk, FIB-4 between 
1.3 and 2.67, necessitates additional workup with liver stiffness 
measurement (LSM) determined by vibration-controlled tran-
sient elastography (VCTE) to categorize patients into low-, inter-
mediate-, or severe-risk based on LSM < 8 kPa, LSM 8 - 12 kPa, 
and LSM > 12 kPa, respectively [9]. Those with intermediate to 
high risk qualify for hepatology referral for either a liver biopsy, 
or magnetic resonance (MR) elastography, or surveillance every 
2 - 3 years [9]. The lower end FIB-4 cutoff should be age ad-
justed to < 2.0 for patients aged 65 years or older [9, 10].

Recently, the 90% negative predictive value (NPV) of 
FIB-4 for predicting significant to advanced fibrosis has been 
questioned in subjects with type 2 diabetes [11-13]. The pur-
pose of our study was to evaluate MASLD FibroScan referrals 
to our hepatology clinic. Our three aims were to assess their 
FIB-4 scores to 1) determine the prevalence of subjects that 
would not have been referred per 2021 AGA guidelines; 2) de-
termine the prevalence of significant LSMs in subjects with a 
low FIB-4; and 3) compare LSMs, FIB-4 and liver histology in 
patients with type 2 diabetes and without diabetes.

Materials and Methods

Patient selection

This was a retrospective study of 1,153 consecutive adult pa-
tients, who were referred to our liver center for FibroScan be-
tween August 2019 and September 2022 with comparison of 
LSM values, FIB-4 scores, and liver biopsies (if performed). 
Inclusion in the study required a controlled attenuation param-
eter (CAP) score of 250+, 10 LSM values (kPa) with inter-
quartile range (IQR)/med < 30%, and necessary lab work to 
calculate a FIB-4 score (age × AST/platelet count (× 109/L) 
× √ALT). Data collection of demographics, metabolic comor-
bidities including age, weight, liver transaminases, diagnoses 
of type 2 diabetes, hypertension, and dyslipidemia, LSM val-
ues, and liver histology was obtained on manual chart review.

The cohort was distributed into subgroups including age < 
65 (group 1 “young/younger”) and ≥ 65 (group 2 “old/older”) 
years old and age-corrected low, intermediate, and high FIB-
4 scores. We characterized low FIB-4 subjects into five LSM 
categories (< 8 kPa, 8 - 9.99, 10 - 13.99, 14 - 20 and 20+). 
Patients with and without diabetes were further characterized 
according to FIB-4 and LSM categories.

This retrospective chart review study involving human 
participants was in accordance with the ethical standards of 
the institutional and national research committee and with the 
1964 Helsinki Declaration and its later amendments or compa-
rable ethical standards. The Human Investigation Committee 
(IRB) of Prisma Health approved this study.

Liver histology

Patients with low-risk FIB-4 scores and LSM values > 8 kPa 

that underwent a liver biopsy were identified. Liver biopsies 
were considered adequate if ≥ 1 cm and ≥ 10 portal tracts. 
Pathology was reported using the NASH Clinical Research 
system (F0: no fibrosis; F1: perisinusoidal or portal; F2: per-
isinusoidal and portal; F3: bridging; and F4: cirrhosis [14]). 
All biopsies were interpreted primarily, but not exclusively, by 
hepatology trained pathologists. Fibrosis staging ranged from 
0 to 4 (0 to 4: F0 = absence of fibrosis; F1 = portal or perisinu-
soidal fibrosis; F2 = portal/ periportal and perisinusoidal; F3 = 
bridging fibrosis; and F4 = cirrhosis). If fibrosis staging was 
listed as a range, the higher stage was chosen for consistency 
(F2-3 was classified as F3).

Statistical analysis

Data were analyzed as both continuous and categorical vari-
ables. All continuous variables were expressed as means ± 
standard deviation (SD) and categorical ones as numbers or 
percentages. Categorial variables were analyzed using Chi-
square or Fisher’s exact tests when appropriate. An independ-
ent t-test was used for normally distributed continuous vari-
ables. In all analyses, the P value < 0.05 was significant. All 
statistical analysis was performed using SPSS (SPSS Inc., Chi-
cago, IL, version 25.0 for windows).

Results

Demographics

Of the 1,153 referrals, 1,115 (97%) met MASLD criteria with 
complete data to calculate FIB-4 (Table 1). The average age 
was 53.8 ± 14 years old. Most (74.3%) were young and female 
(68%). Ethnic groups included non-Hispanic White (84%), 
8% Black, 6% Hispanic and other (1%). Metabolic comorbidi-
ties including hypertension, dyslipidemia, and diabetes were 
noted in 57%, 57% and 39%, respectively. Eighty-four percent 
of the patients with diabetes also had hypertension, and 74% 
of patients with dyslipidemia were diabetic. The upper limit 
of normal ALT and AST (IU/L) in our system is 32 and 40, 
respectively. The prevalence of an elevated ALT (67.7% vs. 
48.3%, P < 0.0001) and AST (34.5% vs. 26.6%, P = 0.005) 
were greater in men compared to women, respectively. Ninety 
percent of subjects had CAP scores greater than or equal to 274 
dB/m (74% (300+ dB/m) and 54% (330+ dB/m)).

We compared younger and older age-corrected low-risk 
FIB-4 groups, it was demonstrated that the younger cohort 
had significantly (P < 0.0001) higher body mass index (BMI), 
CAP, ALT, and AST values. The proportion of type 2 diabetes, 
hypertension and dyslipidemia were significantly greater in 
the older cohort.

FIB-4 overview

Overall, 72% (n = 804) of the entire cohort had an age-cor-
rected low FIB-4 score. The age-corrected low FIB-4 scores 
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were similar in the younger group (73.3%) versus older group 
(68.4%, P = 0.112), as well as in the intermediate FIB-4 cat-
egory. FIB-4 > 2.67 was significantly (P = 0.001) noted in the 
older compared to younger group (14% and 5%, respectively).

Low risk FIB-4 and VCTE results

We evaluated the low-risk FIB-4 scores according to VCTE 
categories of LSM. For the entire cohort, 257 (32%) patients 
with low-risk FIB-4 scores had LSM values greater than or 
equal to 8 kPa. Low, intermediate, and high age-corrected FIB-
4 were compared to low, significant, and advanced LSM clas-
sification categories. FIB-4 categories were significantly (P < 
0.01) differentiated in the low and advanced LSM groups in a 
stepwise decrease and increase fashion, respectively (Fig. 1a). 
In the older group, similar significant (P < 0.05) stepwise dif-
ferences were noted in the low and advanced LSM categories 
(Fig. 1b).

Low risk FIB-4 and VCTE with and without diabetes

In our entire cohort, diabetic subjects showed a trend towards 
significantly (P = 0.08) higher LSM compared to non-diabetic 
subjects (Fig. 2a). However, no significant differences were 
noted when young or older diabetic subjects were compared 
with non-diabetic subjects with low FIB-4 values when cat-
egorized according to the five LSM categories (Fig. 2b, c).

NIT and liver histology in subjects with and without 
diabetes

Diabetes was present in 56% of men and 28% of women with 
similar proportions in younger and older groups. However, 
most (64%) individuals with significant fibrosis (F2-4) were 
diabetic women.

Totally, 257 subjects who had LSM greater than or equal 
to 8 kPa and 148 (48.6%) underwent a liver biopsy, and 45% 
(n = 67) of the biopsies were from diabetic patients (Fig. 3a). 
Significant fibrosis (F2-4) was identified in 72 (48.6%) indi-
viduals (Fig. 3a). Seventy-six point nine percent of subjects 
with advanced fibrosis and 57.6% with stage 2 fibrosis had 
the diagnosis of type 2 diabetes (Fig. 3b). A significantly (P 
= 0.0001) greater proportion of diabetic (41.8%) compared to 
non-diabetic (13.6%) subjects had advanced fibrosis (Fig. 3c). 
A higher but non-significant (P = 0.11) prevalence of stage 2 
fibrosis was also noted in diabetic (28.4%) compared to non-
diabetic (17.3%) subjects.

Discussion

Based upon AGA guidelines, 30% of our subjects with signifi-
cant LSM (8+ kPa) values did not meet criteria for a FibroScan 
referral resulting in missed opportunities for warranting close 
follow-up, MR elastography and/or a liver biopsy. We did not 
observe any significant differences in low-risk FIB-4 scores 
and LSM in diabetic subjects compared to those without dia-
betes. Liver histology did show a three-fold increase for ad-
vanced fibrosis in diabetic compared to non-diabetic subjects. 
Notably, 77% of individuals with advanced fibrosis and 57% 
with significant fibrosis had type 2 diabetes. Taken together, 
our data are in accordance with the recent algorithm put forth 
by Boursier et al [15], which directly refer MASLD diabetic 
subjects for a FibroScan bypassing FIB-4 evaluation.

Approximately, 72% of our referrals had a low FIB-4 
score not meeting criteria for a FibroScan. A similar result 
(73.8%) was noted in a previous study screening 695 MASLD 
European subjects [16]. Recently, a higher (83%) prevalence 
of low-risk FIB-4 values was demonstrated in a US screening 
population [17]. This difference is likely due to our cohort bi-
ased towards high-risk individuals for significant to advanced 
fibrosis compared to screening the general population. In con-
trast, a lower prevalence (57%) of low FIB-4 was observed 

Table 1.  Demographics of Entire Cohort and Age Adjusted Low-Risk Groups

Entire cohort (n = 1,115) Age < 65 and low risk 
FIB-4 (n = 609)

Age 65+ and low risk 
FIB-4 (n = 195) P value

Sex (%) female 68 66 61 NS
Age (years), Avg (SD) (range) 53.7 (14.0) (18 - 89) 45.6 (11.2) (18 - 64) 70.2 (4.1) (65 - 86) < 0.0001
BMI (kg/m2), Avg (SD) (range) 35.2 (7.2) (10.6 - 72) 36.2 (7.4) (10.6 - 72) 32.5 (6.4) (16.7 - 60.4) < 0.0001
Type 2 diabetes (%) 39 35 43 0.04
HTN (%) 57 54 67 0.001
Dyslipidemia (%) 57 44 57 0.002
AST (IU/L), Avg (SD) (range) 36.9 (26.7) (7 - 302) 30.9 (19.1) (7 - 173) 26.9 (11.8) (8 - 102) 0.006
ALT (IU/L), Avg (SD) (range) 47.8 (36.5) (6 - 335) 47.4 (37.8) (6 - 335) 32.7 (19.6) (7 - 122) < 0.0001
FIB-4, Avg (SD) (range) 1.32 (0.97) (0.18 - 9.65) 0.77 (0.26) (0.18 - 1.29) 1.36 (0.36) (0.3 - 1.99) < 0.0001
LSM (kPa), Avg (SD) (range) 9.7 (8.4) (2.5 - 75) 7.9 (4.7) (2.5 - 33.1) 8.6 (6.9) (2.6 - 75) < 0.0001
CAP (dB/m), Avg (SD) (range) 333.8 (42.8) (250 - 400) 336.9 (42.0) (250 - 400) 321.3 (43.6) (250 - 400) < 0.0001

Avg: average; BMI: body mass index; CAP: controlled attenuation parameter; LSM: liver stiffness measurement; SD: standard deviation.
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in screening 591 type 2 diabetes [6]. African Americans have 
been demonstrated to have a higher mean FIB-4 than non-His-
panic White individuals, and this may explain the discrepancy 
since their study had a greater prevalence (30%) of African 
Americans compared to our cohort (8%) [18].

Our FIB-4 results were greater (P = 0.04) in patients with 

type 2 diabetes (1.39 ± 0.9) than those without diabetes (1.27 
± 1.0), and this is consistent with other recent studies [15, 19]. 
FIB-4 is most useful for ruling out significant-to-advanced fi-
brosis. Liver stiffness cut-off values of ≥ 8.6 kPa has a 70% 
NPV for F2-4, and a cut-off value of ≥ 9.7 kPa has 80% NPV 
for F3-4 [20, 21]. We also observed similar values of 72% 

Figure 1. Among young adults, 31.4% (a), and among older adults, 34% (b), with a low-risk FIB-4, have significant to advanced 
LSM values. There is a significant stepwise decrease for FIB-4 scores for LSM < 8 kPa and increase in FIB-4 score for LSM 
14+ kPa in both the young and old adult cohorts. The 8 - 13.99 kPa group have an equal distribution of FIB-4 scores in both age 
groups. LSM: liver stiffness measurement; FIB-4: fibrosis-4 index.
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NPV for < 8 kPa and 80% NPV for < 10 kPa.
A recent meta-analysis by Mozes et al [22] demonstrat-

ed that LSM under 8 kPa can rule out advanced fibrosis, and 
values greater than 20 kPa rule in cirrhosis. Our results show 
30% of individuals with low-risk FIB-4 had LSM values of 
8+ kPa thereby inhibiting the ability to rule out advanced fi-
brosis in a significant proportion of the cohort. Our results are 
similar to a European/Asian study that noted a large proportion 
(43%) of subjects with a low FIB-4 also had LMS ≥ 8 kPa [11]. 
Boursier et al [15] also demonstrated a lower area under the 
receiver operating characteristic (ROC) curve (AUC) (0.722) 
for FIB-4 in detecting advanced fibrosis in diabetic subjects 
than non-diabetic subjects (0.819), which is consistent with 
our low-risk FIB-4 inaccuracy for assessing significant liver 
stiffness and fibrosis. In contrast, another European cohort (n 
= 1,799) reported a lower proportion (17.1%) with LSM val-
ues > 9.6 kPa compared to our 25% [12]. We suspect that this 
could be explained by a much lower criteria for MASLD (CAP 
≥ 222 dB/m), and only 38% of their cohort had a CAP ≥ 290 
compared to a CAP ≥ 300 dB/m in 74% of our subjects. Also, 
the prevalence of an elevated ALT as defined by their study 
(men > 30 U/L and women > 19 U/L) was significantly greater 

than that in our cohort (men 67% vs. 30% and women 80% vs. 
21%), consistent with a greater at-risk population for higher 
elevated LSMs [12].

The entire cohort of diabetic individuals compared to non-
diabetic ones had higher LSM values, but this was not observed 
when applying FIB-4 scores to these individuals. Liver stiff-
ness median (IQR) measurements in diabetic subjects 7.3 (5.1 
- 12.1) trended towards significance (P = 0.05) compared to 
non-diabetic subjects 6.7 (5.1 - 10.5). In contrast, a retrospec-
tive European study (n = 1,051) demonstrated a significantly 
higher median kPa in diabetics (10.4) compared to non-diabetic 
patients (6.9) [15]. The higher LSM values can be explained by 
their cohort having significantly more men, patients with type 
2 diabetes, and a greater proportion of biopsy proven signifi-
cant F2-4 (66%) and advanced F3/4 (39%) fibrosis, compared to 
F2-4 (49%) and F3/4 (26%) noted in our study [15].

The positive predictive value (PPV) for F3-4 fibrosis 
ranges from 45% to 75% and for F2-4 fibrosis 53-90%, us-
ing various FibroScan kilopascal cut-offs [13]. Approximately 
50% (n = 148) of our subjects with LSM 8+ kPa underwent 
liver biopsy and the PPV was 49% for F2-4 fibrosis. Similarly, 
several prior studies that focused on solely diabetic patients 

Figure 2. (a) In the entire cohort of subjects (n = 1,115) with and without diabetes and significant LSM (8+ kPa), no statistical 
differences were noted in either the total (P = 0.08) or any of the individual LSM categories. (b) Thirty-one point four percent of 
young adults with a low-risk FIB-4 (n = 609) have significant to advanced LSM values, and the proportion was similar to older 
group. There was no significant difference between LSM measurements for younger diabetic and non-diabetic patients. (c) One 
hundred ninety-five older patients had low risk FIB-4 scores, and 34% of older subjects with a low-risk FIB-4 have significant to 
advanced LSM values. Older diabetic patients were more likely to have 14+ kPa despite a low risk FIB4 score. LSM: liver stiffness 
measurement; FIB-4: fibrosis-4 index.
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have identified VCTE as a successful initial screening tool for 
fibrosis in diabetes as 13-18% of patients had elevated VCTE 
measurements, and about 50% of patients undergoing biopsy 
revealed advanced fibrosis [12, 23].

Overall, our diabetic subjects were 3- and 1.6-fold more 
likely than non-diabetic subjects to demonstrate advanced and 
significant fibrosis, respectively. Although FIB-4 adequately 
eliminates most individuals with significant to advanced fi-
brosis, diabetic individuals are significantly over-represented. 
As suggested by several authors, diabetic MASLD subjects 
are best served with FibroScan as a noninvasive, safe, and 
relatively inexpensive screening tool primarily to exclude ad-
vanced liver fibrosis [15, 24-26]. Additional serology such as 

the enhanced liver fibrosis (ELF) test or FibroMeter VCTE can 
be an additional noninvasive step after VCTE to minimize bi-
opsies [15, 27]. Although noninvasive tests are primarily used 
to screen for advanced fibrosis, significant (F2) fibrosis is im-
portant to identify in diabetic subjects due to a recent MASH 
Clinical Research Network study that demonstrated a greater 
proportion of diabetic (26%) than non-diabetic subjects (14%) 
will progress from F0-2 to F3-4 over a shorter timeframe, fur-
ther supporting VCTE referrals for diabetic individuals [19]. 
Finally, our data are in line with the 2023 AGA Clinical Prac-
tice Update in MASLD subjects with pre-diabetes/type 2 dia-
betes, or two metabolic risk factors stating that either Fibro-
Scan or ELF test should be the initial screening test for liver 

Figure 3. (a) Seventy-two subjects underwent liver biopsy had F2+. (b) The majority of both F2 and F3-4 subjects had type 2 
diabetes. (c) Diabetic patients were significantly more likely to have F3 and F4 on biopsy despite low risk FIB4 score compared 
to non-diabetic patients. F2: significant fibrosis; F3: advanced fibrosis; F4: cirrhosis.
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fibrosis, in lieu of FIB-4 testing [28].

Strengths and limitations

The overall sample size is large and represents referrals from 
primary care and specialists to a tertiary integrated hospital 
system; however, our cohort may not be representative of the 
general population. Our liver center has years of experience 
performing FibroScan, and subjects were identified from a 
prospectively established MASLD database. The data were 
retrospectively analyzed, and disadvantages include propen-
sity for inconsistencies, lack of controlled conditions, and 
measurements under different conditions. Liver biopsy sam-
pling variability could limit staging fibrosis. Clinical indica-
tions for obtaining a liver biopsy were from subjects interested 
in participating in a clinical trial or standard of care. Biopsies 
were interpreted by several pathologists and although this lim-
its consistency, it is representative of pathologic interpretations 
in the general community.

Conclusions

Primary care providers should be aware of the increased risk 
of liver fibrosis in MASLD patients with diabetes. Ongoing 
community education of the 2023 AGA MASLD guidelines is 
necessary to mitigate unnecessary referrals, as well as correct-
ly utilize the noninvasive tests for diabetic individuals. Fibro-
Scan cost and availability can be limiting factors for patients 
therefore, increasing point of care FibroScan access within 
primary and specialty offices (endocrine, gastrointestinal (GI)) 
can provide convenient point of care service and is relatively 
inexpensive.
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