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ABSTRACT

Describe the clinical profile of patients with biopsy-proven non-alcoholic fatty liver disease
(NAFLD) and analyze the risk predictors of hepatic fibrosis in outpatient follow-up at a university
hospital. Demographic, clinical and laboratory data of a cohort of 143 patients
with biopsy-proven NAFLD were retrospectively analysed under univariate analyses. Diagnostic
accuracy, determined by AUROC, was evaluated for variables that showed a significant difference
in univariate comparison analysis and diagnostic performances were determined by sensitivity and
specificity. The mean age of studied patients were 48 years, 66.4% of them were women.
Age, presence of diabetes mellitus, hypertension, metabolic syndrome and laboratory variables
such as AST/ALT ratio, GGT, platelet count and fasting glucose were significantly associated with
advanced fibrosis. FIB-4 and NAFLD fibrosis score (AUROC 0.82 and 0.89, respectively) outperformed
APRI (AUROC 0.73) for advanced liver fibrosis and cirrhosis (P of 0.04). In our study,
metabolic syndrome, diabetes, hypertension, AST/ALT ratio, GGT, platelet count and fasting glucose
were associated with hepatic fibrosis in patients with NAFLD.The non-invasive tests FIB-4 and NAFLD
fibrosis score showed the best accuracy to stratify disease severity. Arch Endocrinol Metab. 2022;66(6):823-30
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INTRODUCTION

Non—alcoholic fatty liver disease (NAFLD) is one
of the most common etiologies of liver disease,
with a worldwide prevalence of 25% (1). It is strongly
associated with obesity, insulin resistance, type 2
diabetes, hypertension, dyslipidemia and metabolic
syndrome (1-3). Recently, the term metabolic
associated fatty liver disease was proposed in order to
better describe the contribution of cardiometabolic
risk factors to the development and progression of liver
disease, and help in patient stratification and disease
management (4,5), butis not yet the currently accepted
nomenclature.

NAFLD comprises a spectrum of diseases, ranging
from isolated non-inflammatory steatosis, defined by
lipid accumulation in the cytoplasm of more than 5% of
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hepatocytes, to non-alcoholic steatohepatitis (NASH),
characterized by specific histological changes, such
as steatosis, inflammatory infiltrate and hepatocyte
ballooning with or without fibrosis (6). At least one
third of patients with NAFLD will progress to NASH,
a more advanced form of disease, with potential
progression of liver fibrosis, which may complicate with
cirrhosis, hepatocellular carcinoma and need for liver
transplantation (2). These patients have an increased
overall mortality and mortality associated with liver
disease compared to the general population. This risk
rises exponentially as the fibrosis stage progresses from
stage 0 to stage 4 (7). There are some known risk :
factors for disease progression such as type 2 diabetes
mellitus (T2DM), which is associated with a more than
two-times increased risk of advanced fibrosis, cirrhosis-
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related complications, and liver disease mortality.
Obesity, lipid abnormalities, and hypertension are also
associated with an increased risk of severe liver disease,
although the effect sizes are smaller than for T2DM (4).

Epidemiological, clinical, genetic and environmental
factors contribute to the heterogeneity of NAFLD
presentation. The purpose of this study is to describe
the clinical profile of patients with biopsy-proven
NAFLD and to evaluate the risk predictors of advanced
hepatic fibrosis and cirrhosis in this population. As it is
a highly prevalent disease, with different local realities,
studies as this one serve as a basis for knowledge of the
local reality and provide important information for the
development of public health programs.

SUBJECTS AND METHODS

This is a retrospective cross-sectional study on patients
with biopsy-proven NAFLD, in the period of 2000
to 2018, followed-up at the Liver Metabolic Disease
Outpatient Clinic of the University Hospital of the
Ribeirdo Preto Medical School, University of Sao Paulo,
Brazil. The local ethics committee approved the study
(Certificate of Presentation for Ethical Appreciation
#12396519.5.0000.5440).

Patients aged > 18 with biopsy-proven NAFLD,
as defined by Brunt and cols., were included (8). An
experienced pathologist in the hepatology field analyzed
the biopsies, samples described as non-representative
were not considered. Exclusion criteria were a record
of alcohol abuse with a threshold > 20 g/day in women
and > 30 g/day in men, human immunodeficiency virus
infection and other liver diseases such as hepatitis B,
hepatitis C, autoimmune hepatitis, hemochromatosis,
Wilson disease, primary sclerosing cholangitis, primary
biliary cholangitis, alpha-1 antitrypsin deficiency and
drug-induced liver injury.

Clinical and laboratorial data were collected within
a maximum period of six months before or after biopsy,
and they are as follows: age, race, gender, weight, height,
body mass index (BMI), and presence of smoking,
alcoholism, hypothyroidism, T2DM, prediabetes,
insulin  resistance, systemic arterial hypertension,
dyslipidemia and metabolic syndrome. BMI was
classified according to the World Health Organization
and metabolic syndrome was diagnosed following the
International Diabetes Federation criteria (9). Alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatise (ALP), gamma glutamyl
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transpeptidase (GGT), total cholesterol, HDL, LDL,
triglycerides levels (TG), serum albumin, ferritin,
platelet count, fasting plasma glucose, glycated
haemoglobin (HbAlc), HOMA-IR and thyroid
hormone (TSH) were also assessed. ALT normal values
were less than 19 U/L and 30 U/L for women and
men, respectively (10).

The dependent variable was liver fibrosis and to
evaluate the association of histological characteristic
with clinical-demographic and laboratory variables,
absent or mild/moderate fibrosis (grades 0+1+2)
versus advanced liver fibrosis/cirrhosis (grades 3+4)
were analyzed.

Non-invasive tests based on clinical and biochemical
variables developed to stage liver fibrosis were calculated
for patients who had all variables in medical records.
We calculated three scores: The Fibrosis-4 (FIB-4)
index, NAFLD fibrosis score (NFS) and aspartate
aminotransferase-to-platelet ratio index (APRI), using
the original formulas (11-13). FIB-4: age (years) x
AST (U/L) / platelets (10°/L) x yALT (U/L). NES:
-1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m?)
+ 1.13 x diabetes (yes = 1, no = 0) + 0.99 x AST/
ALT ratio - 0.013 x platelet count (x10?/L) - 0.66 x
albumin (g/dL). APRI index: [(AST/upper limit of
the normal AST range) x 100]/Platelet count.

Categorical variables were presented as frequency
and percentage, and continuous variables as mean
and median values, standard deviation, and range. A
chi-square analysis and a chi-square for linear trend
were used to compare categorical variables, and the
continuous variables were analyzed using the non-
parametric Kruskal-Wallis with post hoc test of Dunn
and Mann-Whitney tests. Diagnostic accuracy was
evaluated by determining the area under the receiver-
operator characteristics curve (AUROC) for variables
that showed a significant difference in univariate group
comparison analysis, after calculating the cut-off with
highest Youden Index (14). Diagnostic performances
were determined by sensitivity (Se), specificity (Sp),
positive predictive value (PPV) and negative predictive
value (NPV). Pairwise comparisons of AUROC’s
were performed for fibrosis models using the DeLong
method (15). For this comparison, only patients who
had all data for calculating the non-invasive tests were
included. A P value less than 0.05 was considered
significant. Statistical procedure interpretation of data
was performed using Statistical Package for Social
Sciences (SPSS) version 23.0 for Windows.
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RESULTS
Characterization of the sample

A total of 219 patients with biopsy-proven NAFLD
were reviewed, 76 were excluded due to the following
reasons: alcohol consumption more than the considered
limit (19.7%), viral hepatitis (50%), presence of another
hepatopathy (21.1%) and lack of data in medical records
(9.2%). Finally, 143 patients were included, 95 were
female, aged 19-68 years (mean = 48 + SD 11.8 years).
Table 1 shows laboratory data and frequency of
known risk factors for NAFLD in the study population.
There were 91 patients with obesity, 53 (40.2%) of
them had grade 1 obesity, 27 (20.5%) grade 1I, and 11
(8.3%) grade II1. The waist circumference was analyzed
in 52 of 143 patients and ranged from 86 to 145.5
cm, found compatible with metabolic syndrome in 51
cases (98.1%). The majority of patients, 71 (74.7%),
had high cardiovascular risk, stratification based on the
Brazilian Guideline on Dyslipidemias and Atherosclerosis
Prevention (16). Most patients were not smokers, only 18
(12.9%) claimed to have this habit at the time of biopsy.

Table 1. Laboratory data and comorbid conditions associated with
nonalcoholic fatty liver disease present in patients evaluated

Variables N % (Median - IQR)
AST (UL) 128 37.6-28.8
ALT (UL) 129 =23
AST/ALT 127 0.7-03
GGT (UL) 99 65— 81
ALP (U/L) 118 187-78.5
Cholesterol (mg/dL) 116 197 - 63.7
HDL (mg/dL) 112 41 -12
LDL (mg/dL) 106 117 - 49.7
Triglycerides (mg/dL) 11 169 -129.9
Albumin (g/dL) 78 44-03
Ferritin (ng/mL) 93 232 -290
Platelet count (x 10%L) 118 226 —90.2
Glucose (mg/dL) 114 97-329
HbA1c 42 T2=3
TSH 42 21-19
Diabetes mellitus 61/137 445
Hypertension 71/138 51.4
Dyslipidemia 101/136 74.3
Obesity 91/132 68.9
Increased abdominal waist 51/52 98.1

N: number of individuals; %: percentage; IQR: interquartile range; AST. aspartate
aminotransferase; ALT: alanine aminotransferase; GGT: gamma-glutamyl transpeptidase; ALP:
alkaline phosphatise; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HbA1c:
glycated haemoglobin; TSH: thyroid hormone.
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Non-invasive fibrosis assessment and liver
biopsy

Non-invasive scoring systems were evaluated in patients
who had all variables in their medical record. FIB-4
index was calculated in 112 patients, 75 (67%) had a
score < 1.3 and 5 (4.5%) > 3.25. APRI’s determination
included 118 individuals, 61 (51.7%) had a score < 0.5
and 9 (7.6%) > 1.5. NFS was estimated in 67 patients:
27 (40.3%) had a score < -1.475 and 7 (10.4%)
> 0.675.

We classified liver biopsies according to the severity
of steatosis and fibrosis (8). Liver steatosis presented
the following results: grade 1 in 12 (17.6%) patients,
grade 2 in 31 (45.6%), grade 3 in 25 (36.8%), and
in 75 patients (52.4%) steatosis was not graded. One
hundred forty-one patients (98.6%) had histologic
criterias for NASH. Fibrosis classification showed the
following results: absence of fibrosis (FO = 1.4% of the
patients), zone 3 perisinusoidal fibrosis (F1 = 66%),
as above with portal fibrosis (F2 = 15.6%), as above
with bridging fibrosis (F3 = 10.6%) and cirrhosis (F4
= 6.4%).

Association between clinical-demographic and
laboratory data and the severity of liver disease

Age, T2DM, hypertension, the presence of metabolic
syndrome and laboratory data, such as AST /ALT ratio,
GGT, platelet count and fasting blood glucose were
significantly associated with advanced liver fibrosis and
cirrhosis as well as the non-invasive scoring systems, as
shown in Tables 2 and 3, respectively.

AUROC and detailed test performances are shown
in Table 4. The diagnostic performance of non-invasive
scores for its cut-ofts recommended in the literature is
detailed in Table 5. For excluding advanced liver fibrosis
the results were as follows: at a cut-off of -1.455, NES
had a Se of 1 (0.74-1), Sp of 0.50 (0.36-0.64), PPV of
0.31 (0.17-0.48) and NPV of 1 (0.87-1). At a cut-off
of 1.3, FIB-4 index had a Se of 0.76 (0.50-0.93), Sp of
0.65 (0.54-0.74), PPV of 0.28 (0.16-0.43) and NPV
of 0.94 (0.85-0.98). Regarding APRI, at a cut-oft of
0.5, its Se was 0.83 (0.59-0.86), Sp 0.56 (0.46-0.66),
PPV 0.26 (0.15-0.39) and NPV 0.95 (0.86-0.99).

FIB-4 and NES (AUROC 0.82 and 0.89,
respectively) outperformed APRI (AUROC 0.73) for
advanced liver fibrosis and cirrhosis with a P of 0.04.
There was no significant difference between FIB-4 and
NES AUROCs.
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Table 2. Association of clinical-demographic and laboratory data with the
degree of hepatic fibrosis

Fibrosis degree*
FO + F1

+F2 F3 +F4
Age Frequency (1) 117 24 0.001
Median 49 59
IQR 18.5 9.5
Diabetes mellitus
Present Frequency (n) 47 14 0.03
Valid percentage (%) 4.2 66.7
Absent Frequency (n) 67 07
Valid percentage (%) 58.8 33.3
Hypertension
Present Frequency (n) 58] 17 0.003
Valid percentage (%) 46.1 81
Absent Frequency () 62 04
Valid percentage (%) 53.9 19
Metabolic syndrome
Present Frequency (n) 71 18
Valid percentage (%) 67 90
Absent Frequency (n) 35 02
Valid percentage (%) 33 10
AST/ALT ratio Frequency () 105 20 0.008
Median 0.7 0.9
IR 0.2 0.4
GGT Frequency (n) 99 19 0.007
Median 56 97
IQR 67.6 126
Platelets count  Frequency () 99 18 0.004
Al Median 236 1945
IR 85 87.7
Fasting blood Frequency (n) 95 17 0.03
glucose Median 97 137
IR 28 941

n: number of individuals; IQR: interquartile range;* Fibrosis degree: FO: absence of fibrosis;
F1: zone 3 perisinusoidal fibrosis; F2: as above with portal fibrosis; F3: as above with bridging
fibrosis; F4: cirrhosis; P value; AST/ALT ratio: aspartate aminotransferase/alanine
aminotransferase ratio; GGT. gamma-glutamyl transpeptidase.

DISCUSSION

NAFLD is one of the most common chronic liver
disorders, with a global prevalence of around 25% (1,4).
It has a wide spectrum of clinicopathological severity,
which is influenced by multiple factors including age,
gender, hormonal status, ethnicity, diet, alcohol intake,
smoking, genetic predisposition, the microbiota and
metabolic status (5). NAFLD can be diagnosed in
any age group, including children, however, there is a
higher prevalence between 40 and 49 years (17). We
found a predominance of the disease in middle-aged
women and an association between older patients
and higher degree of liver fibrosis (P = 0.001). The
correlation with gender is controversial: early studies
claimed that NAFLD was more common in women,
but the latest concluded the opposite (18). Usually,
prevalence is lower in women predominantly at earlier
disease stages, whereas disease frequency increases in
postmenopausal women (19). The increased frequency
in postmenopausal women and the longer duration
of estrogen deficiency are associated with a greater
chance of fibrosis in this group (20). Although not
completely understood, the behavior of the disease is
probably associated with sexual differences in metabolic
risk factors, adiposity and body fat distribution, and
women tend to predominate in central obesity in the
postmenopause (21). Many factors are implicated in the
relationship between ageing and liver fibrosis, such as
decline in hepatic blood flow, hepatic volume, and liver
function, which occur with age. Besides that, changes
in body composition, including a decrease in muscle
mass, an increase in abdominal adiposity and ectopic
fat deposition, with increases in insulin resistance and
prevalence of the metabolic syndrome can also be
associated (5).

NAFLD is strongly associated with obesity,
dyslipidemia, T2DM, and metabolic syndrome. On
average, 45% and 70% of the studied patients had

Table 3. Association between non-invasive scores with the degree of hepatic fibrosis

Fibrosis degree* Frequency (n) Median I0R P
FIB-4 FO+F1 +F2 94 1.02 0.77 <0.001
F3 +F4 17 2.28 1.59
APRI FO+F1 +F2 98 0.46 0.42 0.003
F3 +F4 18 0.76 0.72
NFS FO+F1 +F2 54 -1.50 1.77 <0.001
F3 +F4 12 0.37 1.23

1 number of individuals; IQR: interquartile range; P value; FIB-4: Fibrosis-4 index; APRI: AST/platelet ratio index; NFS: NAFLD fibrosis score. * Fibrosis degree: FO, absence of fibrosis; F1, zone 3
perisinusoidal fibrosis; F2, as above with portal fibrosis; F3, as above with bridging fibrosis; F4, cirrhosis.
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Table 4. Area under the receiver-operator characteristics curve, cut-point values and diagnostic performance of demographic, laboratory variables and

scores for advanced liver fibrosis and cirrhosis

95% Confidence

AUROC Cut-off value Sensitivity (%) Specificity (%) Interval P*
Age 0.67 51 75 55 56.7-77.4 0.009
AST/ALT ratio 0.70 0.8 60 79 57.4-83.1 0.004
GGT 0.69 60 84 52 57.1-82.2 0.007
Platelets count (x 10%/L) 0.71 205 61.1 73.7 58.4-84.2 0.004
Fasting blood glucose 0.67 115 64.7 74.7 50.7-83.3 0.03
FIB-4 0.82 1.69 70.6 87.2 71-93.7 <0.001
APRI 0.71 0.52 83.3 60.2 58-85.5 0.003
NFS 0.90 -0.42 91.7 79.6 82-97.9 <0.001

AURQC: area under the receiver-operator characteristics curve; P value: in this case, it demonstrates that the variable provides better prediction than the null hypothesis; AST/ALT ratio: aspartate
aminotransferase/alanine aminotransferase ratio; GGT. gamma-glutamyl transpeptidase; FIB-4: Fibrosis-4 index; APRI: AST/platelet ratio index; NFS: NAFLD fibrosis score.

Table 5. Diagnostic performance of fibrosis scores according to its cut-offs recommended in the literature in patients who had all the variables in medical

records for its calculation

Cut-off value Sensitivity % (95% IC)  Specificity % (95%1C) PPV % (95% IC) NPV % (95% IC)

FIB-4 13 76 (50-93) 65 (54-74) 28 (16-43) 94 (85-98)
2.67 19 (10-56) 96 (89-99) 46 (27-67) 94 (87-98)

3.25 18 (4-438) 97 (91-99) 50 (12-88) 87 (79-963)
APRI 05 83 (59-86) 56 (46-66) 26 (15-39) 95 (86-99)
15 22 (6-48) 9(87-98) 40 (12-74) 87 (79-93)

NFS -1.455 100 (74-100) 50 (36-64) 31 (17-48) 100 (87-100)
0.675 42 (15-72) 94 (85-99) 63 (24-91) 88 (75-95)

95% IC: 95% confidence interval; %: percentage; PPV: positive predictive value; NPV: negative predictive value; FIB-4: FIB-4 index; APRI: AST/platelet ratio index; NFS: NAFLD fibrosis score.

diabetes and metabolic syndrome, respectively, and
these conditions were associated with advanced liver
fibrosis and cirrhosis, as well as fasting blood glucose.
T2DM in NAFLD is a risk factor for progression to
NASH, and is associated with a more than two-times
increased risk of advanced fibrosis, cirrhosis-related
complications, and liver disease mortality (4,22).
Atherogenic dyslipidemia characterized by low HDL
values and elevated triglycerides, is the most common
form of dyslipidemia in patients with NAFLD (23).
In this study, 71% of the evaluated patients had low
HDL and hypertriglyceridemia was present in 58% of
the patients who had this data recorded. The strong
link between insulin resistance and lipid metabolism is
well known. Insulin resistance facilitates an increase in
the flow of free fatty acids, which raises the production
of very low-density triglycerides and lipoproteins and
trigger lipid oxidative stress, all closely associated with
the development of steatohepatitis (24).

The prevalence of hypertension is significantly higher
in individuals with NAFLD compared to the general

Arch Endocrinol Metab. 2022;66/6

population. About 51% of the individuals evaluated were
hypertensive. NAFLD can induce systemic effects such
as inflammation, activation of the renin-angiotensin
system, activation of the sympathetic system and insulin
resistance, which are pathophysiological mechanisms
for the development of hypertension (25,26). In the
present study, there was a large number of individuals
with obesity (63.3%) and almost all patients who had
their waist circumference assessed had values above
normal (98.1%). Obesity is clearly associated with fatty
liver, although not all patients with obesity develop
NAFLD and many individuals with this diagnosis have
normal body weight (27). Current consensus suggests
that the main determinant of NAFLD risk would not be
the amount of fat, but probably its distribution, since
greater amounts of visceral fat in relation to peripheral
and subcutaneous adipose tissue are associated with
higher metabolic risk and, consequently, directly linked
to liver inflammation and fibrosis. This mechanism
occurs by increasing the flow of fatty acids to the liver

through the portal vein. Increased waist circumference .
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is considered a marker of increased visceral adiposity
(5,28).

About 85% of our patients had aminotransferases
levels above normal, and AST /ALT ratio was associated
with higher degree of fibrosis (P = 0.008). Mild to
moderate elevations of serum aminotransferases are the
most common laboratory changes found in patients
with NAFLD (29). Elevations are usually 1 to 4 times
the upper limit of normality, with ALT levels higher
than AST in mild fibrosis, and the opposite may occur
in advanced stages of the disease (17). In our study
GGT was associated with advanced liver fibrosis and
cirrhosis (P = 0.007). This enzyme has a prooxidant
activity and a modulating influence on endothelial
dysfunction. It is associated with metabolic syndrome
and is often elevated in patients with NAFLD. There is
also a role for this enzyme activity in several aspects of
cardiovascular disease (30). Although GGT levels may
be elevated in patients with NAFLD, there is little data
on the frequency and degree of elevation (17).

Noninvasive assessment of fibrosis severity is crucial
in the management of patients with NAFLD since
its stage is a major determinant of all cause and liver-
related mortality (10,31-33). Non-invasive scoring
systems based on clinical and biochemical variables
are increasingly being used to estimate the degree of
hepatic fibrosis without biopsy. In our study, the scores
evaluated were effective to exclude advanced fibrosis/
cirrhosis, with good Se and NPV, both with the cut-
off proposed in our study and with that recommended
in the literature. FIB-4 and NES (AUROC 0.82 and
0.89, respectively) outperformed APRI (AUROC
0.73) for advanced liver fibrosis and cirrhosis with a P
of 0.04. There was no significant difference between
FIB-4 and NES AUROCs. The first use of FIB-4 index
was in patients co-infected with hepatitis C and human
immunodeficiency virus, then the score was validated
for NAFLD, with interesting results in studies published
from around the word (34). For values higher than
3.25 in a comparison of fibrosis markers in 541 patients
with NAFLD, FIB-4 acquired the highest AUROC of
0.80, with NPV and PPV of 90% and 80%, respectively,
in predicting advanced fibrosis (35). In our study, FIB-
4’s NPV was 87%. Pérez-Gutiérrez and cols., using the
same cut-off value for predictions of severe fibrosis, in
a Latin population, obtained lower PPV of 26% and
53% Se (36). APRI ratio is an easy and accessible score.
Cales and cols. demonstrated an APRI’s AUROC of
0.87 for significant fibrosis in a study of 235 patients

828

with NAFLD (37). NES is composed of six variables
that was formulated using a panel of 733 subjects with
NAFLD across diverse international centers. Cales and
cols. reported an AUROC of 0.88 for predicting the
presence of significant fibrosis (37).

Although the overall accuracy of these scores is
moderate, in general, they have high negative predictive
values to exclude advanced liver fibrosis, especially in
community and primary care settings. Patients with
low fibrosis scores are also at a low risk of developing
liver-related complications (4). In the medical routine,
NES and FIB-4 are the most commonly used scores
(38). Despite displaying good diagnostic efficacy,
many patients (30%) fall in-between the lower and
upper threshold values (indeterminate results), and
many factors such as age, diabetes, and prevalence of
fibrosis, among others, may influence their diagnostic
performance (10). Sequential combination of these
scores with imaging methods such as elastography has
been proposed as a diagnostic strategy that could reduce
the need for liver biopsies in situations of indeterminate
scores results (39).

This study has limitations. First, the design has
limitations inherent to cross-sectional studies resulting
from atemporal monitoring with high proportion of
missing data. Second, our patients had lower rates of
advanced fibrosis, and a possible explanation may be the
fact that biopsy is avoided in those who have clinical,
laboratory and imaging signs compatible with cirrhosis.

There was an association between age, components of
the metabolic syndrome such as diabetes, dyslipidemia,
hypertension and some biochemical tests (AST/ALT
ratio, GGT, platelet count and fasting glucose) and liver
fibrosis in patients with NAFLD. As it is a silent disease
with substantial heterogeneity of phenotypes, these
factors, in combination with non-invasive scores such
as FIB-4 and NES, could help in patient stratification,
selection for liver biopsy and identification of who will
benefit from early intervention. Besides that, as NAFLD
is a highly prevalent disease, with different local realities,
studies as this one could be a basis for knowledge of the
local reality and provide important information for the
development of public health programs.
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