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Abstract:
Background: Type 2 diabetes mellitus (T2DM) is strongly associated with non-alcoholic fatty liver disease
(NAFLD), increasing the risk of progressive liver fibrosis, cirrhosis, and hepatocellular carcinoma. Liver biopsy
remains the gold standard for fibrosis assessment but is invasive and unsuitable for routine clinical practice.
Several serum-based fibrosis scores have been developed as non-invasive alternatives; however, their diagnostic
performance varies across different populations. This study compared the diagnostic accuracy of APRI, FIB-4,
BARD, and NAFLD Fibrosis Score (NFS) using FibroScan as the reference standard in diabetic patients with
NAFLD.
Methods: A prospective cross-sectional study was conducted among 378 adult patients with T2DM and
ultrasonographically diagnosed NAFLD attending a tertiary care centre. Clinical characteristics, anthropometric
measurements, biochemical parameters, and FibroScan findings were recorded. APRI, FIB-4, BARD, and NFS
were calculated using standard formulae. Diagnostic performance was assessed by sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), diagnostic accuracy, and receiver operating
characteristic (ROC) analysis.
Results: Among the 378 patients, 272 (71.96%) were male and 106 (28.04%) were female. The mean HbAlc
was 7.72 £ 1.06%, and most patients had diabetes for 2—5 years. FibroScan demonstrated no fibrosis in 29.36%,
significant fibrosis in 56.35%, and advanced fibrosis in 14.29% of patients. FIB-4 showed the highest diagnostic
performance with an AUC of 0.627, followed by APRI (0.606), NFS (0.572), and BARD (0.468). BARD
demonstrated the highest sensitivity (92.88%) but the lowest specificity (5.45%), whereas FIB-4 showed the
highest specificity (60.00%) and PPV (78.11%).
Conclusion: FIB-4 demonstrated the best overall diagnostic performance among the evaluated non-invasive
fibrosis scores and appears to be the preferred first-line screening tool for diabetic NAFLD patients. APRI may
serve as an acceptable alternative where FibroScan is unavailable. BARD and NFS should not be used as
standalone diagnostic tests because of their limited specificity.
Keywords: Type 2 diabetes mellitus, NAFLD, MASLD, FibroScan, FIB-4, APRI, Liver Fibrosis, Transient
Elastography.
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Introduction

Non-alcoholic fatty liver disease (NAFLD), recently
redefined as metabolic dysfunction-associated stea-
totic liver disease (MASLD), is the most common
chronic liver disease worldwide and affects nearly
one-third of the adult population. Individuals with
type 2 diabetes mellitus (T2DM) are particularly
susceptible, with reported prevalence rates ranging
from 50% to 70%. Diabetes not only increases he-
patic fat accumulation but also accelerates progres-
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sion to steatohepatitis, advanced fibrosis, cirrhosis,
and hepatocellular carcinoma.

The degree of liver fibrosis is the most important de-
terminant of liver-related and overall mortality in
patients with NAFLD. Consequently, early identifi-
cation of significant fibrosis has become a major ob-
jective in the management of patients with metabolic
liver disease.
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Although liver biopsy remains the gold standard for
fibrosis assessment, its invasive nature, sampling
variability, potential complications, and high cost
limit routine clinical use. Therefore, several non-in-
vasive methods have been developed, including se-
rum fibrosis scores such as AST-to-Platelet Ratio In-
dex (APRI), Fibrosis-4 Index (FIB-4), BARD score,
and NAFLD Fibrosis Score (NFS), as well as imag-
ing techniques such as vibration-controlled transient
elastography (FibroScan).

Among these methods, FibroScan has emerged as a
reliable non-invasive modality for evaluating liver
stiffness and has been increasingly recommended by
international liver societies. However, the limited
availability and relatively high cost of FibroScan re-
strict its use in many developing countries. In con-
trast, serum fibrosis scores are inexpensive, readily
available, and can be calculated from routine labor-
atory investigations. Their diagnostic accuracy,
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however, varies among different ethnic and clinical
populations.

India bears one of the world's largest burdens of
T2DM, making early detection of liver fibrosis par-
ticularly important. Comparative studies evaluating
the performance of different fibrosis scores in Indian
diabetic patients remain limited. Identifying the
most reliable screening tool would facilitate timely
referral for FibroScan and optimize resource utiliza-
tion in routine clinical practice.

The present study was undertaken to compare the di-
agnostic accuracy of APRI, FIB-4, BARD score,
and NAFLD Fibrosis Score using FibroScan as the
reference standard in patients with T2DM and
NAFLD. Secondary objectives included comparison
of clinical and biochemical characteristics associ-
ated with liver fibrosis and assessment of the overall
diagnostic performance of these commonly used
non-invasive fibrosis scores.

Table 1: Baseline Characteristics of Study Participants

Variable Value

Total patients 378

Male 272 (71.96%)
Female 106 (28.04%)
Mean HbAlc 7.72 £ 1.06%
Mean duration of diabetes 4.10 + 1.41 years
Grade I NAFLD 222 (58.73%)
Grade II NAFLD 147 (38.89%)
Grade III NAFLD 9 (2.38%)

Materials and Methods

Study design and participants: This prospective
cross-sectional study was conducted in the Depart-
ment of Gastroenterology at a tertiary care teaching
hospital over one year. A total of 378 consecutive
adult patients with Type 2 diabetes mellitus (T2DM)
and ultrasonographically diagnosed non-alcoholic
fatty liver disease (NAFLD) were enrolled after ob-
taining written informed consent. Patients with sig-
nificant alcohol intake, chronic viral hepatitis, auto-
immune liver disease, Wilson's disease, hemochro-
matosis, drug-induced liver disease, hepatic malig-
nancy, pregnancy, or incomplete clinical data were
excluded.

Data Collection

Demographic characteristics, duration of diabetes,
clinical presentation, anthropometric measurements,
laboratory investigations, abdominal ultrasonogra-
phy, Tissue Attenuation Imaging (TAI), and transi-
ent elastography (FibroScan) were recorded. APRI,
FIB-4, BARD, and NAFLD Fibrosis Score (NFS)
were calculated using standard published formulae.

FibroScan served as the reference standard. Diag-
nostic performance of the fibrosis scores was as-
sessed by sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), accu-
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racy, and area under the receiver operating charac-
teristic (ROC) curve.

Results

Patient characteristics: A total of 378 patients
were included. Males constituted 71.96%, while fe-
males accounted for 28.04%. The majority of pa-
tients presented with abdominal pain (76.46%), fol-
lowed by dyspepsia (62.44%) and abdominal disten-
sion (23.28%). Most patients had no documented di-
abetic complications (83%), while urinary tract in-
fection (10%), neuropathy (4%), and nephropathy
(3%) were less common.

The mean HbAlc was 7.72 + 1.06%, and 95.2% of
patients had HbAlc >6.5%. The mean duration of
diabetes was 4.10 = 1.41 years, with 58.2% having
diabetes for 2—5 years. Most patients were over-
weight according to Asian BMI criteria.

Liver steatosis and fibrosis: Ultrasonography
demonstrated Grade I steatosis in 58.73%, Grade 11
in 38.89%, and Grade III in 2.38% of patients. The
mean TAI value was 228.80 + 24.39 dB/m. Fi-
broScan identified no fibrosis in 29.36%, significant
fibrosis in 56.35%, and advanced fibrosis in 14.29%
of patients.
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Performance of non-invasive fibrosis scores:
Among the evaluated scores, FIB-4 demonstrated
the best diagnostic performance, followed by APRI.
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BARD showed excellent sensitivity but poor speci-
ficity, whereas NFS demonstrated moderate sensi-
tivity with limited specificity.

Table 2: Distribution of Fibrosis by Different Non-invasive Methods

Method Low risk (%) Intermediate (%) High risk (%)
FibroScan 29.36 56.35 14.29
APRI 31.74 54.24 14.02
BARD 6.62 49.46 43.92
FIB-4 46.29 37.04 16.67
NFS 20.37 42.59 37.03
Table 3: Diagnostic Performance of Fibrosis Scores
Score Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
APRI 73.41 43.24 75.68 40.34 64.55
FIB-4 58.80 60.00 78.11 37.50 59.15
BARD 92.88 545 70.45 24.00 67.37
NFS 77.53 15.45 69.00 22.08 59.42
Table 4: ROC Analysis
Fibrosis Score Area Under Curve (AUC)
FIB-4 0.627
APRI 0.606
NFS 0.572
BARD 0.468
Table 5: Comparison of Patients with and Without Fibrosis (FibroScan)
Parameter Fibrosis No Fibrosis
HbAlc (%) 7.74 7.68
Platelet count (/mm?) 219,865 206,216
AST/ALT ratio 1.07 1.01
TAI (dB/m) 239.33 203.47
Hemoglobin (g/dL) 11.60 12.66
BMI (kg/m?) 29.58 29.65
Albumin (g/dL) 3.60 3.53
Key findings mance, whereas APRI showed acceptable screening

e FIB-4 had the highest AUC (0.627) and the
highest specificity, making it the most reliable
overall fibrosis score in this study.

e APRI showed acceptable sensitivity and can be
used as a practical screening tool.

e BARD had excellent sensitivity but an unac-
ceptably low specificity, leading to many false-
positive results.

e NFS demonstrated only modest diagnostic per-
formance.

e FibroScan identified significant or advanced fi-
brosis in more than 70% of diabetic NAFLD
patients, highlighting the need for routine fibro-
sis assessment in this high-risk population.

Discussion

In this prospective cross-sectional study involving
378 patients with T2DM and NAFLD, we compared
the diagnostic performance of four widely used non-
invasive fibrosis scores using FibroScan as the ref-
erence standard. The principal finding was that FIB-
4 demonstrated the best overall diagnostic perfor-
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utility. Although the BARD score exhibited excel-
lent sensitivity, its extremely low specificity sub-
stantially limited its clinical usefulness. The
NAFLD Fibrosis Score (NFS) showed only modest
diagnostic discrimination.

The majority of patients were middle-aged males,
consistent with previous Indian hospital-based stud-
ies. More than 95% had HbAlc >6.5%, reflecting
poor glycaemic control and emphasizing the close
relationship between diabetes and progression of
NAFLD. Persistent insulin resistance promotes he-
patic fat accumulation, oxidative stress, inflamma-
tion, and progressive fibrosis, making patients with
T2DM a particularly high-risk population.

FibroScan identified significant or advanced fibrosis
in more than 70% of participants, highlighting the
considerable burden of liver fibrosis among diabetic
NAFLD patients attending tertiary care centres. This
finding supports recent recommendations that pa-
tients with T2DM should undergo routine assess-
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ment for advanced fibrosis using validated non-in-
vasive tools.

Among the evaluated scores, FIB-4 achieved the
highest AUC (0.627) together with the highest spec-
ificity and positive predictive value, indicating the
best balance between sensitivity and specificity.
These findings support current international recom-
mendations that advocate FIB-4 as the preferred
first-line fibrosis assessment tool because it is inex-
pensive, easily calculated from routine laboratory
investigations, and suitable for primary care screen-
ing.

APRI demonstrated moderate sensitivity and ac-
ceptable diagnostic accuracy. Although initially de-
veloped for chronic viral hepatitis, our findings in-
dicate that APRI remains a useful screening tool in
diabetic NAFLD, particularly where FibroScan is
unavailable. However, its lower specificity suggests
that positive cases should undergo confirmatory as-
sessment by transient elastography.

The BARD score showed the highest sensitivity but
generated a large number of false-positive results
because of extremely poor specificity. Conse-
quently, BARD should not be used as a standalone
diagnostic test despite its ability to detect most pa-
tients with fibrosis.

Similarly, NFS demonstrated reasonable sensitivity
but limited specificity and only modest overall diag-
nostic performance. Therefore, NFS should be inter-
preted cautiously and preferably in combination
with imaging-based modalities.

Strengths

e Large prospective cohort (378 patients).

e Direct comparison of four commonly used fi-
brosis scores in the same population.

e Use of FibroScan as the reference standard.

e Real-world data from a tertiary care centre in
India.

Limitations

e Single-centre study.

e  Cross-sectional design.

e Liver biopsy was not performed as the reference
standard.

e  External validation in larger multicentre cohorts
is required.

Conclusion

FIB-4 demonstrated the best overall diagnostic per-
formance among the evaluated non-invasive fibrosis
scores for detecting liver fibrosis in patients with
T2DM and NAFLD. APRI may be considered an ac-
ceptable alternative screening tool where FibroScan
is unavailable. BARD and NFS exhibited limited
specificity and should not be used independently for
fibrosis diagnosis. A stepwise approach using FIB-4
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followed by FibroScan may improve early identifi-
cation of clinically significant fibrosis while reduc-
ing unnecessary referrals and healthcare costs.

Highlights

e FIB-4 demonstrated the highest diagnostic ac-
curacy among evaluated fibrosis scores.

e APRI remains a practical screening tool in re-
source-limited settings.

e BARD had high sensitivity but very poor spec-
ificity.

e NFS showed limited standalone diagnostic util-
ity.

e FibroScan confirmed a high burden of liver fi-
brosis among diabetic NAFLD patients.
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