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Abstract

Liver fibrosis is associated with lifestyle-related diseases, including diabetes. The identification of diabetic patients with
severe liver fibrosis is important, but a simple and reliable diagnostic procedure remains to be determined. We conducted
an observational study to evaluate the performance of a FIB-4 index-based screening strategy for the diagnosis of advanced
liver fibrosis in patients with diabetes or prediabetes. Two hundred and forty-two patients underwent abdominal imaging
in our Study. According to the abdominal imaging findings, fatty liver, liver cirrhosis, and hepatocellular carcinoma were
defined, and their association with FIB-4 index evaluated. The prevalences of liver cirrhosis and hepatocellular carcinoma in
patients with a high (>2.67; liver cirrhosis: 42.9%, hepatocellular carcinoma: 14.3%) FIB-4 index were significantly higher
than in those with an intermediate (1.3 <FIB-4 <2.67; liver cirrhosis: 1.6%, hepatocellular carcinoma: 0.8%) or low FIB-4
index (< 1.3; liver cirrhosis: 1.2%, hepatocellular carcinoma: 0%). The diagnostic accuracy, specificity, and sensitivity of
the FIB-4 index for the diagnosis of liver cirrhosis or hepatocellular carcinoma were 84.3%, 85.5%, and 89.3%, respectively,
with an optimized cut-off value of 2.96 (sensitivity =0.86, specificity =0.98). Using an optimized cut-off value, FIB-4 index
might be useful to identify liver cirrhosis or hepatocellular carcinoma in diabetes patients with high diagnostic accuracy.
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Introduction

Liver fibrosis is a critical finding in chronic liver disease
and is associated with lifestyle-related diseases, including
diabetes, chronic kidney disease, and cardiovascular disease
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[1-5]. The presence of concurrent chronic liver disease and
another lifestyle-related disease promotes liver fibrosis,
which is associated with the clinical outcome of chronic
liver disease.

Non-alcoholic fatty liver disease (NAFLD) is strongly
associated with obesity, metabolic syndrome, and other
lifestyle-related diseases. The severity of lifestyle-related
diseases is associated with the progression of NAFLD,
including the development of liver cirrhosis (LC) and hepa-
tocellular carcinoma (HCC) [6-8]. In particular, according
to the results of previous epidemiologic studies, abnormal
glucose metabolism and diabetes are common lifestyle-
related comorbidities of NAFLD, and are associated with
the progression of liver fibrosis and the incidence of HCC
[9, 10]. Recent studies have shown that liver fibrosis is an
independent and the most significant risk factor for mortality
in NAFLD patients. Moreover, the severity of liver fibrosis is
associated with both liver-related and non-liver-related mor-
tality, including that due to cardiovascular disease (CVD)
[11,12].
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Therefore, a simple and accurate screening procedure
for liver fibrosis is required in clinical diabetes practice to
identify patients with high-risk NAFLD, as a major diabetic
complication, and especially for diabetologists receiving
referrals from other departments. In addition, it remains to
be determined whether liver fibrosis is indicative of a high
risk of LC or HCC in diabetic patients attending a hospital.
The FIB-4 index is a well-established, non-invasive index
of the severity of liver fibrosis that is calculated using age,
platelet count (PLT), and aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) activities [13]. We con-
ducted an observational study to analyze the performance of
a FIB-4 index-based screening strategy for the diagnosis of
advanced liver fibrosis and HCC in diabetic patients.

Methods
Patients

We analyzed the medical records of 1091 outpatients who
visited Saga University Hospital between April and June
2015, and had a diagnosis of diabetes (type 1 diabetes, type
2 diabetes, steroid-induced diabetes, or pancreatogenic
diabetes) or prediabetes, with a hemoglobin Alc (HbAlc)
value of > 6% (42 mmol/mol) (Supplemental Figure S1). Of
these patients, 364 who had been diagnosed with hepatic
disease, including hepatitis virus infection, autoimmune
hepatitis, primary biliary cholangitis, habitual alcohol
intake > 30 g/day for men and > 20 g/day for women, or
congestive hepatopathy, were excluded. Patients with abnor-
mal endocrine function, including severe hypopituitarism
or abnormal thyroid function, were also excluded, as were
those with hematologic diseases, collagen diseases, multiple
organ failure, shock, or malignancy other than HCC, because
they might affect the measurements made. Finally, 671 dia-
betic patients without indicators of liver dysfunction were
enrolled. The medical records of these participants were
reviewed, including the abdominal imaging findings, for
the 6-month period from their first hospital visit during the
observational period, until December 31, 2015. Entire study
period was from April 2015 to December 2019. Accord-
ing to the imaging findings, fatty liver (FL), LC, and HCC
were defined and their associations with FIB-4 index were
evaluated. The study protocol was approved by the Clinical
Research Ethics Review Committee of Saga University Hos-
pital (approval number; 28-4, Date; May 9. 2016) and the
study was conducted in accordance with the principles of the
1975 Declaration of Helsinki, as revised in 2013. Informa-
tion about the current study was provided on the web-site
and right to reject to be involved in the study was announced
for patients.

Physical examination and serum biochemical
measurements

Body mass and height were measured, and body mass
index (BMI) was calculated as body mass (kg) divided
by the square of height (m?). Venous blood samples were
obtained after overnight fasting and used to measure AST,
ALT, total cholesterol (T-C), triglycerides (TG), high-den-
sity lipoprotein cholesterol (HDL-C), low-density lipopro-
tein cholesterol (LDL-C), PLT, creatinine (Cr), estimated
glomerular filtration rate (eGFR), and HbA 1c, using con-
ventional laboratory techniques. eGFR was calculated
using the following equation: 194 x Cr (mg/dL)~"%*x age
(year)_o'287 for men, and the values obtained for women
were multiplied by 0.739 [14]. FIB-4 Index was calculated
using: Age x AST/PLT x (ALT)"?] (10,11). Low (1.3) and
high (2.67) cut-off values were defined for the analysis of
FIB-4 data [15].

Evaluation of abdominal imaging findings

Abdominal imaging findings were extracted from medical
records, including those from ultrasonography (US), com-
puted tomography (CT), and magnetic resonance imag-
ing (MRI) performed for any purpose. FL was diagnosed
during US examination according to the criteria of the
American Gastroenterology Association, on the basis of
a marked increase in hepatic echogenicity, poor penetra-
tion of the posterior segment of the right lobe of the liver,
and poor-to-no visualization of the hepatic vessels and
diaphragm [16]. The severity of hepatic steatosis was not
graded, because of the potential for errors due to differ-
ences between US equipment and operators. FL was diag-
nosed on CT examination if the liver—spleen attenuation
ratio was < 1.0. On MRI examination, FL. was diagnosed
if the signal intensity of the image obtained with opposed-
phase imaging was lower than that obtained with in-phase
imaging, using chemical shift gradient echo [17-20]. LC
was diagnosed when two or more of liver morphological
abnormality, splenomegaly, and esophageal varix were
identified using US, CT, or MRI imaging, or endoscopic
examination.

For the diagnosis of LC, imaging data were evaluated
with regard to the following five parameters and LC was
diagnosed when two or more of the presence or absence
of an irregular or nodular liver surface, a blunt liver edge,
liver parenchymal abnormalities (coarseness, heterogene-
ity, or regenerative nodules), liver morphologic changes
(including atrophy of the right lobe and the medial seg-
ment, hypertrophy of the lateral segment and the caudate
lobe, or widened pericholecystic space and enlargement
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of the periportal space), or manifestations of portal
hypertension (including splenomegaly, dilatation of the
splenic vein, ascites, or collateral vessels [for example,
gastroesophageal, paraesophageal, paraumbilical, spleno-
renal, retroperitoneal, or perisplenic mesenteric vessels])
were identified [21]. HCC was diagnosed using contrast-
enhanced dynamic CT or MRI [22, 23]. All CT and MRI
images were reviewed by two specialized radiologists (YE
and JN) and all US examinations were reviewed by three
ultrasonographers (HT, SI, and SO).

Statistics

The Mann—Whitney U and Kruskal-Wallis tests were used
to compare quantitative data between the groups, and the
Chi-square test or Fisher exact probability was used to com-
pare categorical data between the groups. The diagnostic
performance of the FIB-4 index was determined using a
receiver operating characteristic (ROC) curve and optimal
cut-off values were chosen to maximize the sum of the sen-
sitivity and specificity in the Youden index [24]. Differences
were considered significant when p <0.05. All analyses were
performed using IBM SPSS Statistics version 21 (IBM, Inc.,
Armonk, NY, USA).

Results
Characteristics of the participants

Of the 671 participants enrolled, there were 324 (48.3%)
with FIB-4 indexes in the intermediate range and 76 (11.3%)
with indexes in the high range (Supplemental Table S1).
Age, body mass, and BMI significantly increased alongside
the FIB-4 index. AST activity also increased with FIB-4
index; whereas, there was no significant trend with regard
to ALT activity. Renal function significantly decreased with
increases in FIB-4 index, and HbA ¢ significantly decreased
with increases in FIB-4 index. There were no significant
relationships between FIB-4 and circulating lipids, except
for triglyceride, which significantly decreased with increases
in FIB-4 index.

Characteristics of the participants who underwent
imaging

A total of 242 patients (36%) underwent abdominal imag-
ing (Supplemental Table S2). Compared with the partici-
pants who did not undergo imaging, there were significant
differences in age (p =0.03), AST activity (p =0.005),
and PLT (p =0.003). FIB-4 index also differed between
the participants who did or did not undergo imaging: it
was significantly higher in the patients who did undergo
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imaging (p <0.001). However, there were no significant
differences in HbAlc or circulating lipids between these
sets of participants.

Prevalences of FL, LC, and HCC in participants who
underwent abdominal imaging, according to their
FIB-4 index

We compared the characteristics of the participants who
underwent imaging according to their FIB-4 index range
(Table 1). Similar to the findings for the participants as a
whole, the parameters included in the FIB-4 index, such
as age, AST activity, and platelet count, significantly dif-
fered among participants with FIB-4 indexes in the three
ranges of values. According to the imaging findings, FL,
LC, and HCC were identified in 28.6%, 42.9%, and 14.3%
of the participants with FIB-4 indexes in the high range;
19.7%, 1.6%, and 0.8% of the participants with indexes in
the intermediate range; and 47.4%, 1.2%, and 0% of the
participants with indexes in the low range, respectively.
The prevalences of LC or HCC were significantly higher in
participants with FIB-4 indexes in the high range, whereas
the prevalence of FL was significantly higher in partici-
pants with indexes in the low range. We also compared
the FIB-4 index between participants who did or did not
have FL, LC, or HCC (Fig. 1), and found that it was sig-
nificantly higher in participants with LC or HCC than in
those without.

Diagnostic accuracy of FIB-4 index
for the identification of LC or HCC in diabetes
patients

To evaluate the diagnostic accuracy of FIB-4 index for the
identification of LC or HCC, we performed ROC analysis
(Fig. 2). The area under the ROC curve was 0.919. Accord-
ing to the Youden index, the cut-off value was determined to
be 2.96 (sensitivity =0.769, specificity =0.938) and its diag-
nostic accuracy, positive predictive value, and negative pre-
dictive value were 84.3%, 94.1%, and 76.0%, respectively.

Estimate of the prevalence of LC or HCC
in participants who did not undergo imaging

Using the ROC analysis and calculated cut-off value, we
estimated the prevalence of LC or HCC in the participants
who did not undergo imaging (Supplemental Figure S2).
Surprisingly, 7% (28/429) of these participants had a FIB-4
index >2.96, and were, therefore, considered to have LC or
HCC.
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Table 1 Characteristics of the patients with imaging examination according to FIB-4 index range

FIB-4<1.3 (n=178) 1.3<FIB-4<2.67 (n=122) 2.67<FIB-4 (n=42) p value
Male/female 37/41 77145 26/16 0.077
Age (year) 54 [45-60] 69 [65-74] 72 [65-75] <0.001
Body weight (kg) 70.5 [60.5-79.8] 62.0 [53.7-73.7] 63.7 [56.3-74.1] 0.002
BMI 25.9 [23.0-30.8] 24.1[21.9-27.4] 25.6 [23.2-27.9] 0.003
AST (U/) 18 [15-23] 22 [19-29] 34 [23.7-46] <0.001
ALT (U/) 19 [15-34] 21 [15-33.25] 26.5 [16-38.75] 0.223
PLT (10%/pl) 25.5[21.5-28.6] 18.1 [16.07-20.4] 11.8 [8.6-14.0] <0.001
FIB-4 Index 0.91 [0.63-1.04] 1.88 [1.56-2.20] 4.10 [2.94-5.52] <0.001
HbAIc (%) (mmol/mol) 6.8 [6.2-7.6] 6.7 [6.27-7.22] 6.6 [6.2-7.12] 0.304
51 [44-60] 50 [45-55] 49 [44-54]
Cr (mg/dl) 0.75 [0.60-0.97] 0.84 [0.72-0.97] 0.89 [0.76-1.06] <0.001
eGFR (ml/min/1.73) 77.6 [61.9-90.9] 64.15 [54.6-71.5] 56.3 [47.1-71.0] <0.001
T-C (mg/dl) 185 [160-210] 182 [159-208.5] 175 [152-198.5] 0.610
LDL-C (mg/dl) 104 [93-126] 99.9 [79-119] 91 [80-123] 0.114
HDL-C (mg/dl) 49 [42-63] 56 [46-64] 54 [45-68] 0.263
TG (mg/dl) 136 [90-204] 114 [82-168] 122 [70.5-158.5] 0.136
FL (%) 37 (47.4) 24 (19.7) 12 (28.6) <0.001*
LC (%) 1(1.2) 2 (1.6) 18 (42.9) <0.001*
HCC (%) 0 (0) 1(0.8) 6 (14.3) <0.001*

Continuous variables were shown as median (quartile)

AST aspartate aminotransferase, ALT alanine aminotransferase, 7-C total cholesterol, 7G triglycerides, HDL-C HDL cholesterol, LDL-C LDL
cholesterol, PLT platelet count, HbAIc hemoglobin Alc, Cr creatinine, eGFR estimated glomerular filtration rate, FL fatty liver, LC liver cirrho-
sis, HCC hepatocellular carcinoma

p values were obtained by Chi-Square test, *Fisher exact probability test or Kruskal-Wallis test

Fig. 1 Distribution of FIB-4
Index according to the presence

or absence of FL, LC, and

HCC. The bold line in each

box represents the median and
the error bars the first and third
quartiles. FL fatty liver, LC liver
cirrhosis, HCC hepatocellular
carcinoma. *p <0.05, according
to the Mann—Whitney U test

Discussion

We have shown that FIB-4 index is capable of identifying
LC or HCC in diabetic patients visiting a hospital who do
not have viral hepatitis, alcoholic liver disease, or autoim-
mune liver disease. Using a cut-off value for the FIB-4

257
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index of 2.96, LC or HCC can be diagnosed in diabetic
patients with high sensitivity and specificity. According to

a previous study, HCC and LC are major causes of death
in diabetes patients [25]. Moreover, several meta-analyses
have shown that diabetes increases the risk of mortality
from liver cancer [26—28]. Diabetes is also associated with

liver fibrosis and LC. Previous longitudinal studies have
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Fig.2 Receiver-operating characteristic curves for the diagnosis of
LC and HCC in diabetes patients using FIB-4 Index. LC, liver cirrho-
sis; HCC, hepatocellular carcinoma

shown that insulin resistance is a predictor of the progres-
sion of liver fibrosis in NAFLD [29, 30]. On the other
hand, a reduction in HbAlc is associated with the progres-
sion of liver fibrosis, independent of age, sex, and BMI, in
diabetes patients with NAFLD [31].

The significant associations between diabetes, and LC
and HCC, imply that an efficient screening strategy for the
identification of liver fibrosis in diabetes patients, especially
in those who may have NAFLD, is required. However, a
practical and detailed screening algorithm for the identifi-
cation of severe liver fibrosis or high-risk NAFLD patients
with diabetes has not been provided by previously published
guidelines for the management of diabetes. In the latest
guidelines, published by the American Diabetes Associa-
tion (ADA) in 2019, US was recommended for the first time
for the identification of NAFLD in patients with type 2 dia-
betes or prediabetes [31, 32]. In 2016, the Clinical Practice
Guidance published by the EASL, EASD, and EASO recom-
mended abdominal US or the assessment of biomarkers of
steatosis, including Fatty Liver Index, SteatoTest, or NAFLD
Fat score, in the first instance for patients with metabolic risk
factors, to diagnose liver steatosis [33]. If steatosis is present,
the algorithm within these guidelines recommends further
stratification of the diagnosis using non-invasive markers
of fibrosis, including the NAFLD fibrosis score, Enhanced
Liver Fibrosis, or FIB-4 index. This guidance indicates the
importance of liver fibrosis, which is the strongest predic-
tor of the risk of mortality, including from CVD and HCC
[11, 12, 34]. The main recommendation in these guidelines
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is that liver steatosis should be identified first, and then the
severity of liver fibrosis should be determined. However, it
is important to be able to identify patients with advanced
liver fibrosis or HCC in the wider population, such as among
patients in a hospital; therefore, a simple, accurate, and cost-
effective strategy is required that can be pursued as part of
a routine health check. Because the number of patients with
type 2 diabetes or prediabetes is very large and the cost of
imaging is high [33], it is not feasible to perform imaging
examinations in clinical practice on all patients. Consistent
with this, we found that 63.9% of the diabetes patients did
not undergo imaging, but 7% of these patients might have
LC or HCC (Supplemental Figure S1).

There are a number of non-invasive procedures that
can be used to diagnose liver fibrosis, but the advantage of
the FIB-4 index is its simplicity: it is calculated using the
patient’s age, AST and ALT activities, and platelet counts,
which are frequently measured in routine clinical practice
[13, 16]. The FIB-4 index has been well validated for the
prediction of hepatic fibrosis and for determining the prog-
nosis of NAFLD in numerous previous studies. According
to previous reports, the appropriate FIB-4 cut-off values for
the diagnosis of advanced fibrosis (stage >3 in the Brunt
classification) are 1.30 as the lower cut-off value (nega-
tive predictive value 90-95%) and 2.67 (positive predictive
value 80%) or 3.25 (positive predictive value 75%) as the
higher cut-off value [13, 35-37]. In a longitudinal epide-
miologic study of 4,083 patients with NAFLD, conducted
in the USA, the hazard ratio for CVD-related mortality was
1.75 in NAFLD patients with FIB-4 indexes in the inter-
mediate range (1.30-2.67) and 2.68 in those with FIB-4
indexes > 2.67 [38]. Furthermore, a retrospective cohort
study of 320 patients with biopsy-confirmed NAFLD
showed that the FIB-4 index is associated with overall mor-
tality and liver-related events, including ascites, hemorrhage
from gastroesophageal varices, and hepatic encephalopathy
[39]. However, the cut-off values of 1.30 and 2.67 that were
used in these studies were originally derived and validated
in samples of NAFLD patients as a whole, rather than in
the subgroup with [13]. In the longitudinal study reported
by Bertot et al., noninvasive markers including FIB-4 index
were tested whether they could predict the mortality and
hepatic outcomes [40]. In the study, predictive accuracy of
FIB-4 index was significantly diminished in the patients with
diabetes comparing with non-diabetes patients. Because
the calculation of FIB-4 index is not affected by glucose
metabolism-related parameters like HbAlc, insulin and
insulin resistance, it was possible that pathogenesis of dia-
betes including hyperglycemia, insulin resistance and dia-
betic complications might affect the mortality and hepatic
outcome of the patients with diabetes in the longitudinal
study of Bertot et al. On the other hand, in our current cross-
sectional study including only diabetic patients, existence of
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LC and HCC could be clearly identified. Accuracy of FIB-4
index for the cross-sectional prediction of LC and HCC in
non-diabetic patients should be tested further.

The NAFLD fibrosis and BARD scores are also well-
established predictors of advanced liver fibrosis in NAFLD
[13, 36, 37, 41] and are associated with NAFLD-related
mortality [39, 42]. These scores are calculated using serum
and clinical parameters, such as the FIB-4 index. However,
because ‘diabetes’ or ‘impaired fasting glycemia’ is used
in the calculation of both scores, their diagnostic accuracy
may not be high in populations with NAFLD that also have
diabetes or prediabetes. Moreover, diabetes patients fre-
quently have multiple complications that affect prognosis,
such as CVD and diabetic nephropathy. In this context, it is
important to identify urgent cases that have comorbidities of
severe fibrosis or HCC, because these findings might change
the clinician’s priorities in the management of the diabetes
and its complications. In the present study, the cut-off values
for the FIB-4 index for the identification of LC and HCC
were determined only in patients with diabetes or prediabe-
tes. We believe these cut-off values should assist healthcare
professionals to identify patients with diabetes that require
urgent attention. However, because diabetes is associated
with higher risks of colon cancer, pancreatic cancer, and
uterine cancer, as well as HCC [26-28], imaging should
form a part of the basic clinical assessment of a patient, and
its frequency and cost-effectiveness, and the modality to be
used, should be optimized in future studies.

There were a number of limitations to our study. Diagno-
ses of FL, LC, and HCC were made on the basis of imaging
and the FIB-4 cut-off values determined were not validated
using liver histology. Moreover, accurate diagnosis of LC
is difficult in the conventional imaging examination; LC
without morphological change of the liver could be diag-
nosed as non-cirrhosis. Further study using liver stiffness
measurement such as FibroScan® and MR elastography, and
other non-invasive tests such as type 3 procollagen and type
4 collagen 7 s should be performed. Whereas we obtained
the cut-off value, 2.96, to identify LC and HCC in the dia-
betic patients, it should be noted that even the patients with
FIB-4 index < 2.96 could have LC and HCC. Because FIB-4
index associates with age, optimal cut-off value should be
obtained by age. However, our study conducted in a single
center with relatively small sample size and limited number
of the cases with LC and HCC. Therefore, age-specific cut-
off value should be analyzed in larger cohort. We defined
diabetes and prediabetes patients using HbAlc. However,
it has been reported that HbAlc can be normal in patients
with LC and hypersplenism due to the short lifespan of red
blood cells [43], and such patients were not identified in the
present cohort. Nevertheless, because this type of diabetes,
referred to as ‘hepatogenous diabetes’, is associated with
several distinct clinical features, including normal fasting

glucose or hypoglycemia, and has a different pathogenesis
from type 2 diabetes [44], it can generally be distinguished
from type 2 diabetes. The usefulness of the FIB-4 index for
patients with hepatogenous diabetes should be studied in
the future.

In conclusion, the performance of the FIB-4 index for
the diagnosis of LC and HCC in diabetic patients attending
a hospital is excellent. Liver fibrosis should be evaluated in
diabetes and prediabetes patients, even if they do not have
viral hepatitis or alcoholic liver disease, because it is useful
for the identification of patients with LC or HCC.
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