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This cross-sectional study enrolled 267 patients with metabolic risk factors and established non-alcoholic fatty liver disease in the 
prospective cohort. The performance of fibrosis-4 (FIB-4) score (≥1.3) to diagnose advanced fibrosis using transient elastography 
(liver stiffness measurement [LSM] ≥8 kPa) was analyzed. Comparing patients with type 2 diabetes (T2D, n=87) and without 
(n=180), not FIB-4, but LSM was significantly higher in T2D (P=0.026). The prevalence of advanced fibrosis was 17.2% in T2D 
and 12.8% in non-T2D. FIB-4 exhibited higher proportion of false negatives in T2D patients (10.9%) than those without (5.2%). The 
diagnostic performance of FIB-4 was suboptimal in T2D (area under curve [AUC], 0.653; 95% confidence interval [CI], 0.462 to 
0.844) compared to that in non-T2D (AUC, 0.826; 95% CI, 0.724 to 0.927). In conclusion, patients with T2D might be beneficial to 
conduct transient elastography without screening to avoid missing advanced fibrosis.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes 
(T2D) have overlapping pathophysiological conditions, such as 
insulin resistance, and each disease exacerbates its prognosis 
[1]. At least one out of six T2D patients have advanced liver fi-
brosis [2], therefore, proper screening is essential. The fibrosis-4 
(FIB-4) score have been proposed as screening tools for detect-
ing liver fibrosis [3]. According to the European Association for 

the Study of the Liver, in the primary care settings, patients who 
have metabolic risk factors and FIB-4 levels are above 1.3, tran-
sient elastography (TE) is recommended for liver stiffness mea-
surement (LSM) [4]. However, whether to undergo the same 
screening process in tertiary care settings is questionable. In this 
study, we aimed to explore the prevalence of advanced fibrosis 
among NAFLD patients who referred to tertiary care settings 
and analyze the diagnostic performance of FIB-4 for screening 
liver fibrosis in patients with T2D, and without. 
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METHODS

This study conducted a cross-sectional analysis on a cohort of 
294 prospective patients who visited and consulted a hepatolo-
gist or endocrinologist at the Yeungnam University Hospital, 
Daegu, South Korea, between July 2020 and December 2021. 
The inclusion criteria were as follows: (1) patients with meta-
bolic risk factors, including abdominal obesity, elevated triglyc-
eride, reduced high-density lipoprotein cholesterol, elevated 
blood pressure, and elevated fasting glucose (impaired fasting 
glucose or T2D) [5]; and (2) patients with fatty liver diagnosed 
by ultrasound (increased echogenicity of the liver parenchyma 
relative to that of the cortex of the kidneys, unclear visualization 
of the intrahepatic vessels, and/or deep beam attenuation) or TE 
(FibroScan, Echosens, Paris, France; controlled attenuation pa-
rameter ≥248 dB/m). TE was performed in all participants. The 
exclusion criteria were as follows: (1) patients with chronic 
hepatitis B or C; (2) patients with significant alcohol consump-
tion (>20 g/day in women and >30 g/day in men) [6]; and (3) 
patients with incomplete data to assess liver fibrosis using sim-
ple fibrosis scores or TE. A total of 267 patients were included 
in the final analysis (Supplemental Fig. S1). The study protocol 
adhered to the tenets of the Declaration of Helsinki and was re-
viewed and approved by the Institutional Review Board of 
Yeungnam University Hospital (approval no. YUMC 2020-06-
020). The study was conducted after all patients provided writ-
ten informed consent.

Anthropometric and biochemical measurements were taken 
by trained staff members after an 8-hour fast. The T2D was de-
fined as fasting glucose value of ≥126 mg/dL and glycated he-
moglobin (HbA1c) levels of ≥6.5%, or those who were previ-
ously diagnosed as T2D by an endocrinologist and currently on 
antidiabetic medication [7]. The simple fibrosis score, FIB-4, 
was calculated as per equation (1). To rule out advanced fibro-
sis, established cutoffs for FIB-4 score (1.3) were used [8]. LSM 
of ≥8 kPa assessed by TE was defined as having advanced fi-
brosis [4]. 

Statistical analysis was performed using R 4.1.1 for Window 
(R development Core Team, Vienna, Austria). The clinical char-
acteristics between patient with T2D and without were com-
pared using independent sample t tests and chi-square tests. A 

receiver operating characteristic (ROC) curve was performed to 
analyze the area under curve (AUC) of FIB-4 ≥1.3 in predict-
ing advanced fibrosis. AUC above 0.8 is considered as accept-
able diagnostic performance in clinical practice. A P value less 
than 0.05 was considered statistically significant. 

RESULTS

The characteristics of patients with T2D (n=87) and those with-
out (n=180) are presented in Supplemental Table S1. The sex 
distribution, age, body mass index, waist circumference, drink-
ing, smoking status, and liver enzymes did not differ between 
groups. In patients with T2D, compared to those without, the 
prevalence of dyslipidemia and proportions of patients taking 
statin was significantly higher, which might have resulted in 
significantly lower level of low-density lipoprotein cholesterol. 
In addition, the HbA1c, fasting glucose, and homeostasis model 
assessment of insulin resistance levels were significantly higher 
in patients with T2D compared to those without.

In TE, 38 patients (14.2%) had advanced fibrosis (LSM ≥8 
kPa). Comparing patients with T2D and those without, the FIB-4 
were not significantly different (Fig. 1A). However, the LSM 
was significantly higher in patients with T2D compared to those 
without (Fig. 1B). The advanced fibrosis accounted for 12.8% in 
patients without T2D and 17.2% in patients with T2D (Table 1). 
The false-negative rate for FIB-4 was 5.2% in patients without 
T2D and 10.9% in patients with T2D. The FIB-4 AUC for 
screening advanced fibrosis was 0.826 in patients without T2D 
(sensitivity 69.6%, specificity 80.9%) (Fig. 1C), and 0.653 in pa-
tients with T2D (sensitivity 53.3%, specificity 79.2%) (Fig. 1D). 

Table 1. Classification by Simple Fibrosis Score and Transient 
Elastography in Patients without Diabetes and with Diabetes 

All
FIB-4 ≥1.3

No Yes

Without T2D (n=180) 134 46

   LSM <8 kPa 157 (87.2) 127 (94.8) 30 (65.2)

   LSM ≥8 kPa 23 (12.8) 7 (5.2) 16 (34.8)

With T2D (n=87) 64 23

   LSM <8 kPa 72 (82.8) 57 (89.1) 15 (65.2)

   LSM ≥8 kPa 15 (17.2) 7 (10.9) 8 (34.8)

Values are expressed as number (%).
FIB-4, fibrosis-4; T2D, type 2 diabetes; LSM, liver stiffness measure-
ment. 
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DISCUSSION

We assessed the diagnostic performance of simple fibrosis 
marker between patients with T2D and those without. In this 
cross-sectional study in a tertiary care setting, the prevalence of 
advanced fibrosis was 14.2%, which was higher than that in 
general population (2.7% to 6.5%) [9,10], and the diagnostic ac-
curacy of FIB-4 was discrepant with TE results especially in 
T2D patients. 

This discrepancy might be attributed to clinical characteristics 
of patients with T2D or limitation of fibrosis score formula. As 
has been noted in earlier reports, the diagnostic performance of 

Fig. 1. (A, B) Fibrosis-4 (FIB-4) score and transient elastography profiles. Box with annotation indicates mean. Bar indicates standard devi-
ation. (C, D) FIB-4 performance for advanced fibrosis (liver stiffness measurement [LSM] ≥8 kPa) according to the diabetes status. Re-
ceiver operating characteristic curve analysis was performed. T2D, type 2 diabetes; AUC, area under curve; CI, confidence interval. 
aP<0.05.
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simple fibrosis scores was suboptimal in T2D patients [11,12] 
which might be due to alteration of liver enzymes. A significant 
proportion of patients with T2D revealed to have advanced liver 
fibrosis despite of normal transaminase levels [13], and simple 
fibrosis scores were less accurate predicting cirrhosis or hepato-
cellular carcinoma [14]. Although liver fibrosis has already pro-
gressed for a long time with T2D, biomarkers can be affected 
by therapeutic factors such as lifestyle modifications, weight 
loss, and glucose-lowering agents [15]. Thiazolidinedione 
(TZD), dipeptidyl peptidase-4 inhibitors, glucagon-like pep-
tide-1 receptor agonist (GLP1-RA), and sodium-glucose co-
transporter-2 inhibitors (SGLT2i) have shown favorable results, 
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especially improvement of transaminases levels, in patients with 
both NAFLD and T2D [16,17]. In our study, approximately 6%, 
8%, and 40% of patients with T2D were administered TZD, 
GLP1-RA, and SGLT2i, respectively (Supplemental Table S2). 
Therefore, simple fibrosis markers using transaminase can be 
affected by these factors, and cause failure of screening ad-
vanced fibrosis. This result was consistent in recent large retro-
spective cohort study which included over 1,000 patients with 
biopsy-proven NAFLD [18]. They suggested a new diagnostic 
algorithm for patients with T2D when suspected advanced fi-
brosis. We agreed with the suggested algorithm—TE is priori-
tized and used in patients with T2D not to miss advanced fibro-
sis, especially when they were prescribed glucose-lowering 
agents known to be beneficial effects on NAFLD.

Our study has several limitations. First, the sample size was 
relatively small to represent T2D. Second, the liver fibrosis was 
not confirmed by liver biopsy. However, the applicability of TE 
as a surrogate for liver fibrosis has been validated [19], and his-
tological assessment might also mislead the diagnosis due to the 
uneven distribution of fibrosis [20]. Lastly, as we used the LSM 
≥8 kPa as an outcome, we could not assess the diagnostic per-
formance of two-step approaches (FIB-4 followed by TE) for 
liver fibrosis. Despite these limitations, the strength of this study 
is that we differentially analyzed the diagnostic performance of 
simple fibrosis score for screening advanced fibrosis according 
to the diabetes statuses using well controlled prospective cohort, 
which was less explored.

Taken together, in patient with T2D, simple fibrosis scores 
could fail to screen liver fibrosis, and these factors may even 
conceal the progression of NAFLD. Therefore, it would be bet-
ter to perform TE first without FIB-4 screening to avoid missing 
advanced fibrosis, especially in patients with T2D.
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