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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) is being increasingly recognized as a cause of chronic liver disease. It has also
been associated with devastating outcomes such as decompensated liver cirrhosis and hepatocellular carcinoma, as well as diabetes
and metabolic syndrome.
Objectives: This study was conducted in order to assess liver fibrosis using Fibroscan, and to compare these results to the use of
Fibrosis-4 (FIB-4) scores, AST platelet ratio index (APRI scores), and the AST/ALT ratios on NAFLD patients.
Patients and Methods: A cross sectional study was conducted on NAFLD patients who underwent Fibroscan examinations between
September 1, 2011 and June 30, 2014. Demographic data was collected, including sex, age, and nationality; serum alanine aminotrans-
ferase levels (ALT, 30 - 65 U/L), serum aspartate aminotransferase levels (AST, 15 - 37 U/L), and platelet counts (150 - 400 k/µL) were also
determined. The stages of fibrosis (F0 1 - 6, F1 6.1 - 7, F2 7 - 9, F3 9.1 - 10.3, and F4 ≥ 10.4) were defined in kPa. For each patient, the
AST/ALT ratio was also measured. The results of APRI and FIB-4 were compared with the Fibroscan fibrosis scores.
Results: The results of 122 patients were analyzed, including 65 (53.3%) males with a mean age of 50.2 years (SD: 13.7; range: 18 - 86).
The males were significantly younger than the females (48.7 years (SD: 16.03) versus 51.8 years (SD: 10.3 P = 0.05), respectively). The
mean stiffness score was 12.02 (SD: 12.7) kPa. Forty-four patients (36%) had advanced fibrosis. The mean platelet and serum ALT levels
were normal. There was a significant positive correlation between the Fibroscan results and the AST/ALT ratios, the APRI scores, and
the FIB-4 results. Similarly, there was a significant positive correlation between age and fibrosis score, and a significant negative
correlation between platelet count and stiffness score.
Conclusions: The data showed that more than one-third of the cohort exhibited advanced fibrosis, demonstrating the need for
the early diagnosis and treatment of NAFLD. The use of Fibroscan with other serum markers has been shown to be helpful for the
diagnosis of severe fibrosis.
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1. Background

Nonalcoholic fatty liver disease (NAFLD) is increasingly
recognized as a cause of chronic liver disease, and often re-
sults in the devastating outcomes of decompensated liver
cirrhosis and hepatocellular carcinoma (1-4). Compared
with the risks of the general population, NAFLD is also as-
sociated with increased risks of mortality due to liver dis-
ease and cardiovascular disease (2-7). The reported preva-
lence of this disease varies among studies, from 12.5% to
51%, which may reflect the variability in NAFLD risk fac-
tors among the studied populations along with the par-
ticular diagnostic methods used (1, 2, 8). NAFLD is com-
monly associated with diabetes and is an important fea-
ture of metabolic syndromes and insulin resistance (1, 4,

8-10). The spectrum of NAFLD severity is variable, ranging
from mild symptoms to differing degrees of inflammation,
nonalcoholic steatohepatitis (NASH), or a severe form of
decompensated liver cirrhosis which occurs in a minority
of patients (1-4). It is frequently diagnosed in patients with
liver disease in Saudi Arabia (11, 12).

The assessment of liver fibrosis is essential for predict-
ing the prognosis and outcome of all forms of chronic
liver disease. A liver biopsy is the gold standard for the as-
sessment of liver fibrosis, but it has its limitations, which
include life-threatening complications (13, 14). Alterna-
tive methods of non-invasive laboratory and radiological
testing for the assessment of liver fibrosis in NAFLD have
evolved during the past decade, and these methods may
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be able to overcome the limitations of liver biopsy (13, 14).
These methods include the AST/ALT ratio, the AST platelet
ratio index (APRI), and the Fibrosis 4 (FIB-4) score (13-18).
Transient elastography (Fibroscan), an ultrasound-based
technique, is one of the most extensively used and well-
validated non-invasive methods for the assessment of liver
fibrosis (14, 19-22). However, the diagnostic yield of Fi-
broscan is limited by obesity in approximately one-third of
patients. This limitation has recently been improved by the
design of an XL probe for patients with body mass indices
(BMIs) of greater than 30 kg/m2, which has an accuracy rate
similar to that of the M probe (14, 23, 24).

2. Objectives

In this study, the results of liver fibrosis assessments us-
ing Fibroscan are compared to the FIB-4 scores, APRI scores,
and AST/ALT ratios for NAFLD patients who were diagnosed
and followed-up on at the hepatology clinic of King Abdu-
laziz University hospital (KAUH).

3. Patients and Methods

All ethical guidelines for research were followed, and
the approval of the KAU ethical committee was obtained
for this study.

3.1. Study Period, Population, and Design

This was a cross-sectional study conducted from
September 1, 2011 through June 30, 2014. The study popula-
tion included patients who were diagnosed with NAFLD or
nonalcoholic steatohepatitis (NASH) based on abdominal
ultrasound examination and serum liver enzyme testing
performed at the KAUH hepatology clinic. Patients who
were included had available ultrasound and blood test
results in the hospital information system and had un-
dergone Fibroscan examinations within the study period.
Those patients with incomplete data were excluded from
analysis. Patients were also excluded if they had evidence
of other chronic liver diseases, including hepatitis B or C,
or autoimmune hepatitis (AIH) (as indicated by testing
positive for autoimmune antibodies or demonstrating a
favorable response to steroids), or alcoholic liver disease.
Patients on hepatotoxic medications, such as chronic
methotrexate, were also excluded, as well as those with
advanced liver disease, cardiac failure, and hepatic conges-
tion. In addition, those who could not undergo Fibroscan
examinations because of very high BMIs or for other
reasons, and those with clinical or ultrasound evidence
of decompensated cirrhosis, were also prevented from
participating in the study.

Demographic data on sex, age, and nationality were
obtained for each patient. The laboratory test results that
were evaluated included those in the hospital information
system. All results were obtained within one month of a
Fibroscan examination.

The laboratory reference normal range of serum ala-
nine aminotransferase (ALT) at KAUH is 30 - 65 U/L, and it
is measured using a method reported in a previous study
performed at our center (25). Normal upper serum ALT lim-
its were defined as 45.25 U/L for males and 30.47 U/L for
females (25). The serum aspartate aminotransferase (AST)
normal reference range is 15-37 U/L, and the normal refer-
ence range for platelet counts is 150 - 400 k/µL.

Liver enzymes were measured using a dimension clini-
cal chemistry system (Flex Reagent Cartridge). For each pa-
tient, the AST/ALT ratio was measured, and the APRI score
was determined by using the following equation (Equa-
tion 1) (19):

(1)APRI =
AST Level/(/ULN)

Platelet Counts (109/L)× 100

FIB-4 was determined by using the following formula
(Equation 2) (21):

(2)FIB − 4 =
Age (y)×AST (U/L)

Platelet Count109/L×
√
ALT (U/L)

A Fibroscan 502 (2005), manufactured by Echosens (42
Rue Monge 74005, Paris, France), was used in the study.
The manufacturer’s guidelines and findings from previ-
ous studies have indicated that 10 valid Fibroscan readings
are necessary for a test to be deemed successful (20-22).
Greater than 70% success rates were achieved for all of the
patients included in the study. Each Fibroscan examina-
tion was performed by the two investigators, Dr. Hind and
Professor Hisham. The following stages of fibrosis were de-
fined based on several previous studies and the references
provided by the manufacturer: F0 1 - 6, F1 6.1 - 7, F2 7 - 9, F3
9.1 - 10.3 and F4 ≥ 10.4 (1-4).

3.2. Statistical Analysis

The IBM statistical package for the social sciences (SPSS)
version 20 was used for the analysis. Descriptive data was
generated and a Student’s t-test was used to compare the
differences in the mean ages and serum ALT values be-
tween the males and the females. Correlation analysis
was used to compare the degree of hepatic fibrosis with
age, platelet count, and serum ALT level. A simple dots
graph was used to determine the correlation between the
Fibroscan results and the AST/SLT ratios, the APRI scores,
and the FIB-4 scores. A Student’s t-test was used to compare
the AST/ALT ratio to the APRI and FIB-4 scores between pa-
tients with advanced fibrosis higher than F2 and patients
with mild to moderate fibrosis of F2 or less.
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4. Results

Each year, approximately 400 successful Fibroscan ex-
aminations are performed at KAUH, approximately 15% of
which are performed on NAFLD patients. After excluding
patients according to the above-mentioned criteria, 122
patients were included in the final analysis, including 65
(53.3%) males and 57 (46.7%) females. The mean age was 50.2
years (SD: 13.7, range: 18 - 86). The male patients were sig-
nificantly younger than the female patients (48.7 years (SD:
16.03) versus 51.8 years (SD: 10.3), respectively, P = 0.002)

The mean stiffness score was 12.02 (SD: 12.7) kPa, and
most patients exhibited either no fibrosis or an advanced
level of the disease (Table 1 shows the distribution of pa-
tients according to the stage of fibrosis). Male patients ex-
hibited higher stiffness scores than female patients, but
this difference was not significant (13.6 (SD: 14.5) versus 10.2
(SD: 10.02), respectively, P = 0.061). In addition, the male pa-
tients exhibited significantly higher mean serum ALT lev-
els compared with the female patients (73.5 (SD: 58) versus
44.7 (SD: 36), respectively, P = 0.039) (see Table 2 for ALT and
platelet counts).

Table 1. Distribution of Patients According to the Stage of Liver Fibrosis

Stage of Fibrosis No. (%)

F0 (0 - 5.9) 52 (42.6)

F1 (6 - 6.9) 15 (12.3)

F2 (7 - 9) 11 (9.0)

F3 (9.1 - 10.3) 4 (3.3)

F4 (≥ 10.4) 40 (32.8)

Total 122 (100.0)

Table 2. Mean Platelet Counts, Serum Alanine Transaminase Levels, and Aspartate
Aminotransferase Levels

Lab Test Mean ± SD Normal Reference Range

Platelets, k/µL 239.85 ± 88.8 15 - 400

Serum ALT, U/L 58.4 ± 49.8 30 - 65

Serum AST, U/L 42.2 ± 47.6 15 - 37

Correlation analysis showed a significant positive cor-
relation between age and fibrosis scores (r = 0.27, 0.220,
and 0.313 with P = 0.004, 0.001, and 0.001 for Pearson,
Kendall, and Spearman correlations, respectively). On the
other hand, a significant negative correlation between
platelet count and stiffness scores was obtained (r = -
0.315, -0.283, and -0.41 with P= 0.001, < 0.001, and < 0.001

for Pearson, Kendall, and Spearman correlations, respec-
tively). Serum ALT level was determined to be significantly
negatively correlated with age by using both the Kendall
and Spearman correlations (r = -0.17 and -0.232, and P =
0.0155 and 0.022, respectively). A significant positive cor-
relation was observed between serum ALT and hepatic stiff-
ness measurements using both the Kendall and Spearman
correlations (r = 0.202 and 0.284, and P = 0.004 and 0.005,
respectively). There was a significant difference in the re-
sults of the stiffness scores for APRI and the FIB-4 calcu-
lations between patients with advanced fibrosis of more
than F2 at 44 (36%) and those with mild to moderate fibro-
sis of F2 or under at 78 (64%) (Table 3).

The fibrosis scores on the Fibroscan were significantly
correlated with the AST/ALT, APRI, and FIB-4 values (Figures
1 - 3, respectively).

Table 3. Differences in Stiffness Scores, Aspartate Aminotransferase/Alanine
Transaminase Ratio, Aspartate Aminotransferase to Platelet Ratio Index, and FIB-4
Scores Between Patients With Mild to Moderate Fibrosis and Those With Advanced
Fibrosisa

> F2 (N = 44) F2 or Less (N = 7 8) P Value

Stiffness score 23.7 ± 15 5.33 ± 1.6 < 0.001

AST/ALT 0.87 ± 0.36 0.72 ± 0.57 0.67

APRI 1.1 ± 1.04 0.314 ± 0.3 < 0.001

FIB-4 2.64545 ± 2.1 0.93048 ± 0.823436 < 0.001

aValues are expressed as mean ± SD.
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Figure 1. Correlation Between Fibrosis Scores on Fibroscan and AST/ALT Ratios (r =
0.23, P = 0.022)
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Figure 2. Correlation Between Fibrosis Scores on Fibroscan and APRI Scores (r = 0.51,
P > 0.001)
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Figure 3. Correlation Between Fibrosis Scores on Fibroscan and FIB-4 Scores (r = 0.5,
P > 0.001)

5. Discussion

The data showed that a high percentage of the NAFLD
patients exhibited advanced stages of liver fibrosis based
on the Fibroscan examinations. These results were sup-
ported by the strong correlation between the Fibroscan re-
sults and the AST/ALT ratio, APRI scores, and FIB-4 scores.
Moreover, there was a strong negative correlation between
platelet count and stiffness, as thrombocytopenia in liver
disease is associated with advanced fibrosis (26, 27). The
rate of advanced NAFLD determined in this study is higher
than those reported by other authors using Fibroscan ex-
aminations to assess liver fibrosis (20, 22, 24, 26, 28-31),

and this rate is particularly alarming for the Saudi popu-
lation, which has a high prevalence of type II diabetes and
metabolic syndrome (11, 30-33).

All patients in the cohort for this study had baseline
abdominal ultrasound examinations that showed steato-
sis; however, the ultrasound alone is not efficient in the as-
sessment of advancement of liver disease. Razavizade et al.
showed that the addition of serum markers to ultrasound
examinations can help in categorizing NAFLD patients into
mild against moderate or severe categories of NAFLD (34).
This determination could also support the use of simple
biomarkers in addition to ultrasound of the abdomen in
the assessment of NAFLD when more advanced methods
such as transient elastography or MRI elastography are not
available, or when liver biopsy is not indicated.

It was also shown that male patients were more likely
to suffer from advanced fibrosis at a younger age than fe-
male patients, which is not surprising given that male pa-
tients generally tend to have more severe liver diseases
of most etiologies compared with females (35, 36). This
phenomenon may be explained by the protective effect
of female sex hormones on the progression of hepatic fi-
brosis (26). The center at KAUH previously published re-
search findings as well as national and international data
on NAFLD that have shown that males are more commonly
affected than females (1, 2, 5, 8, 11, 12, 21). Furthermore,
the data revealed that age was associated with more ad-
vanced stages of the disease, which is consistent with pre-
vious NAFLD studies (1, 6-8).

Several studies on the general population have shown
that serum ALT levels increase with advanced age (25, 37).
However, our results showed an inverse relationship be-
tween ALT levels and age. Similar findings have been re-
ported by Al- Hamoudi et al. in their analysis of NAFLD in
Saudi Arabia (12). This altered relationship between serum
ALT levels and age might be due to disease activity and
the development of NASH in individuals of younger ages,
which may lead to cirrhosis and the normalization of ALT
at later ages (1, 3, 9, 10). A large number of NAFLD pa-
tients exhibited normal or near-normal liver enzyme lev-
els, which has also been previously demonstrated in the
Saudi population (4, 5, 8, 11, 12, 38).

The AST/ALT ratio was the least likely among the four
non-invasive methods in this study to indicate a difference
between mild to moderate and advanced fibrosis. There-
fore, Fibroscan examinations, APRI scores, and FIB-4 scores
can be used in the follow-up on early-stage NAFLD patients
when liver biopsy has no clear indication. In addition,
these non-invasive testing methods can be used for follow-
up on patients who have had bariatric surgery or other
treatment for NAFLD.

The pathogenesis of NAFLD has been explained by sev-
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eral theories, and the commonly accepted one is the “two
hit theory” (39). The first “hit” is considered to be hep-
atic steatosis, and the second “hit” is inflammation and
liver injury. Both hits are promoted by adipocytokines
(39, 40). Recent data by Razavizade et al. has shown that
serum adipokines such as visfatin, IL-6, TNF-a, TGF-β1, and
IL-8 were associated with a high probability of develop-
ing NAFLD and NASH (41, 42). Hence, these adipokines can
be used as future biomarkers for assessment of NAFLD pa-
tients. Similar to previous studies (24, 25), the XL probe
used at the study center since early 2012 has allowed for
the successful examination of patients for whom accurate
readings could not be obtained with the M probe.

5.1. Conclusions
This study has shown that the combination of Fi-

broscan and AST/ALT, APRI, and FIB-4 methods provides a
valuable approach for assessing liver fibrosis in NAFLD pa-
tients. This can eliminate the need for liver biopsy in pa-
tients without clear indication. In addition, several recent
studies have also validated the used of non-invasive mark-
ers in the diagnosis of NAFLD. The high proportion of the
patients in this study with advanced fibrosis is alarming
because the Saudi population exhibits a high prevalence of
diabetes and metabolic syndrome. The establishment of a
national program for the recognition of NAFLD is therefore
essential to reduce the risk of liver disease progression.

The limitations of the study are as follows: 1) The retro-
spective nature of the study might adversely affect the re-
liability of the results, and a similar well-planned prospec-
tive study might be better to eliminate the selection bias;
2) The number of included patients might be small in view
of the national NADF prevalence data, but this could be
compensated for by the strict inclusion criteria; 3) Liver
biopsy, the gold standard of NAFLD diagnosis, was not used
in this study, but due to the complications such a proce-
dure can cause, it should not be recommended for every
patient with NAFLD.
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