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A Comparison of the Sensitivity and Specificity of
Ultrasound Elastography Compared to Liver Ultrasound, ALT, and AST
in the Detection of Fatty Liver and Fibrosis in Patients with
Metabolic Syndrome and Type 2 Diabetes Mellitus
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Abstract

Objective. This study aims to determine whether ultrasound elastography (fibroscan) is more sensitive and specific in
detecting fatty liver and fibrosis as compared to ultrasound and elevated serum aminotransferase levels in patients with
type 2 diabetes mellitus and metabolic syndrome.

Methodology. All elastography results from January to December, 2013 were reviewed. A total of 102 patients met the
inclusion/exclusion criteria. The sensitivity and specificity of elastograph, ultrasound, ALT and AST were computed, with
fibrosis score as the surrogate gold standard.

Results. Elastography was found to be more sensitive compared to ultrasound for patients with diabetes and metabolic
syndrome who have high and moderate probability of fibrosis (100% vs 82.5%, p-value = 0.0036 and 96% vs 76.4%, p-
value = 0.0036, respectively). The elastograph is also more specific compared to ultrasound (86.49% vs 32.43%, p-
value = 0.0000) for detecting fatty liver and fibrosis. Only elastography was found to be significantly associated with the
surrogate gold standard used in this study.

Conclusion. Elastograph (fibroscan) is more sensitive and specific than ultrasound in detecting fatty liver in the
presence of severe and moderate probability for fibrosis. Ultrasound, ALT and AST showed no correlation with fibrosis

score.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD), metabolic
syndrome and type 2 diabetes mellitus (DM) coexist
because they share the same risk factors. Obesity, insulin
resistance and increased plasma fatty acid concentrations
are considered to increase the risk for fatty liver, and each
of these metabolic factors is also characteristic of type 2
DM.! On the other hand, NAFLD may be considered an
additional feature of the metabolic syndrome, with specific
hepatic insulin resistance,> while metabolic syndrome has
been extensively associated with the development of
steatosis as well as liver damage in NAFLD.> The
incidence of NAFLD and fibrosis progression, including
hepatocellular been found to be
significantly higher in diabetic patients compared with
non-diabetic patients.*> Hence, the diagnosis and
evaluation of fatty liver is an important component of the
management of diabetes.

carcinoma, has

Currently, there are no tests which have a high degree of
accuracy for screening  fatty
Ultrasonography (US) is the most common method for

detecting or liver.
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screening asymptomatic patients with suspected NAFLD
because it is easy to perform and relatively inexpensive,
has been found to have sensitivity and specificity ranging
from 60 to 95% and 84 to 100% respectively, but these
decrease in the setting of mild steatosis affecting less than
30% of the hepatocytes.® Moreover, although mildly
elevated serum aminotransferase levels are the primary
abnormality seen in patients with NAFLD, liver enzymes
may be normal in up to 78% of patients with NAFLD.”
Poynard and colleagues reported that an ALT >50 IU/L has
a sensitivity and specificity of only 72% and 62%,
respectively, thus, they suggested a lower cut off value.® In
another study, the prevalence of elevated ALT in those
with type 2 diabetes mellitus was 7.8% compared to 3.8%
prevalence in those without diabetes.’

A new ultrasonic technique - elastography (fibroscan), is
being used in the assessment of fatty liver. In a study by
Yin-Yan, et al., involving 105 patients with mild, moderate
and severe fatty liver (n= 46, 39, and 20, respectively) and
45 healthy controls, ultrasonic elastography was found to
have a sensitivity of 97.14% and a specificity of 91.11%
when compared with traditional ultrasound.!® However,
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the study did not compare the results with a gold
standard. Also, there was no mention of whether the
patients had diabetes or metabolic syndrome.

Thus, the aim of this study is to compare the sensitivity
and specificity of the elastography (Fibroscan) versus
traditional ultrasound and elevated aminotransferases in
detecting fatty liver and fibrosis among patients with
diabetes and metabolic syndrome, using NAFLD fibrosis
score as the surrogate gold standard marker for liver
fibrosis. This is a simple noninvasive scoring system
composed of routinely measured and easily available
clinical and laboratory variables which has been found to
be accurate in distinguishing the severity of fibrosis.! This
study also seeks to determine the association between
glycemic control and lipid profile values with fibrosis
score.

MATERIALS AND METHODS

The was a cross-sectional comparative study covering
adult patients diagnosed with metabolic syndrome and
diabetes mellitus type 2 at a private, tertiary medical
center.

All elastography results from January to December 2013
(n=506) were
containing clinical data, but only those patients diagnosed

reviewed along with patient charts
with metabolic syndrome and type 2 diabetes mellitus
were included in this study.

Metabolic syndrome as defined by the International
Diabetes Federation (IDF) is central obesity plus any two
of the following four factors:2

Blood Pressure > 130/85 mmHg or treatment of

previously diagnosed hypertension
2 150 mg/dl (1.7 mmol/L)

<40 mg/dl (1.03 mmol/L) (male), <50
mg/dl (1.29 mmol/L) (female)

> 100 mg/dI or previously diagnosed
type 2 diabetes mellitus (T2DM)

waist circumference > 90 cm (male), >
80 cm (female) (if BMI > 30 kg/m2
central obesity can be assumed and
waist circumference does not need to
be measured)

Triglycerides (TG)

High-density lipoprotein
cholesterol (HDL-C)

Raised fasting plasma
glucose

Central obesity

Patients with type 1 diabetes mellitus, known alcoholics,
those with any form of liver disease and those on
medications for fatty liver, dyslipidemia (statins, fibric
acid, bile acid sequestrants or thiazolidinediones) or
elevated liver enzymes (phospholipids, silymarin, omega-
3-fatty acids, carnitine, amino acid, vitamin B) were
excluded. Patients aged less than 18 years were also
excluded because the NAFLD fibrosis score was validated
in subjects 18 years old and above.

The final number of patients included, based on the
inclusion/exclusion criteria, was 102. A sample size of 80

www.asean-endocrinejournal.org
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was computed based on 90% power with assumed area
under the curve for association between ultrasound and
elastograph for a higher level of ALT of 0.61 (obtained
from previous studies) versus assumed 80% area under
the curve for the association between ultrasound and
fibroscan with lower levels of ALT.

The following patient data were obtained retrospectively
from records: age, sex, BMI, waist circumference, blood
pressure, ALT and AST results, lipid profile (cholesterol,
triglycerides, LDL and HDL), FBS, HbA1C, platelet count,
albumin, and results of ultrasound and elastography.
Laboratory tests, ultrasound and fibroscan were done
within 1 month of each other. Fibroscan and ultrasound
were both done on the patients as requested by their own
private physicians.

The NAFLD fibrosis score was computed and used as a
surrogate gold standard. The formula used is as follows: 12

Fibrosis Score = -1.675 + 0.037 — age (years) + 0.094 — BMI
(kg/m2) +1.13 x IFG/diabetes (yes =1, no=
0) + 0.99 x AST/ALT ratio — 0.013 x platelet
count (x109/1) — 0.66 x albumin (g/dl)

A fibrosis score < -1.455 corresponds to FO to F2 stages in
the METAVIR scoring system!3. A score of -1.455 to 0.675
is an indeterminate score while a score > 0.675 corresponds
to stages F3 to F4. Liver fibrosis stages according to the
METAVIR scoring system are described as follows:

METAVIR Scoring System Fibroscan Cut-off values
FO No fibrosis --

F1 Mild fibrosis — portal fibrosis <7.1kPa
without septa

F2 Moderate fibrosis — portal 7.1t0 8.8 kPa
fibrosis and few septa

F3 Severe fibrosis — numerous 9.5t09.6 kPa

septa without cirrhosis

F4 Cirrhosis 12.5to0 14.6 kPa

The sensitivity and specificity of elastograph, ultrasound,
ALT and AST were computed with fibrosis score as
surrogate gold standard. Sensitivity and specificity of the
elastograph and ultrasound were then compared using z-
test for proportions. The correlation of glycemic control,
lipid profile and fibrosis score were determined using chi
square test with a level of significance at 0.05.
Computations were performed using SPSS for Windows

version 22.
RESULTS

Table 1 summarizes the clinical profile of the patients. The
102 patients had ages ranging from 20 to 76 years with a
mean age of 51.27 years old. More than half are males,
obese class 1 by Asia-Pacific classification, with increased
waist circumference and dyslipidemic. Majority are
hypertensive with metabolic syndrome.
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Table 1. Characteristics of the patient population

VARIABLES ALL PATIENTS (n=102)

MEAN AGE in years + SD (range) 51.27 + 12.14 (20-76)
GENDER

MALE (55) 53.92%

FEMALE (47) 46.08%
MEAN BMI in kg/m* *** 27.53

NORMAL (18.5-22.9 kg/m?) (13) 12.75%

OVERWEIGHT (23-24.9 kg/m?) (7) 6.86%

OBESE 1 (25-29.9 kg/m?) (58) 56.86%

0BESE 2 (>30 kg/m?) (24) 23.53%
MEAN WAIST CIRCUMFERENCE in cm + SD (range) 102 + 11.15 (75-130 cm)

M <90 CM; F <80 CM (14) 13.73%

M >90 CM; F > 80 CM (88) 86.27%
HYPERTENSION > 130/85 °

NEGATIVE (34) 33.33%

POSITIVE (68) 66.67%
DIABETES MELLITUS TYPE 2

NEGATIVE (55) 53.92%

POSITIVE (47) 46.08%
METABOLIC SYNDROME

NEGATIVE (14) 13.73%

POSITIVE (88) 86.27%

BIOCHEMICAL PARAMETERS

LIVER FUNCTION TESTS
MEAN ALT in IU/L
MEAN AST in IU/L

50. 57 + 41.8 (11-329)
36.76 + 25.83 (12-216)

LIPID PROFILE
MEAN CHOLESTEROL in mg/dl 199.93 + 43.98 (108.25-289.95)
<200 MG/DL (50) 49.02%
>200 MG/DL (52) 50.98%
MEAN TRIGLYCERIDES in mg/dl 137.38 + 58.42 (78.95-195.80)
<150 MG/DL (58) 56.86%
>150 MG/DL (44) 43.13%
MEAN LOW DENSITY LIPOPROTEIN in mg/dl 128.55 + 41.22 (52.62-223.63)
<100 MG/DL (23) 22.55%
>100 MG/DL (79) 77.45%
MEAN HIGH DENSITY LIPOPROTEIN in mg/dl 50.42 + 13.37 ( 25.15-84.73)
M > 40 MG/DL; F > 50 MG/DL (59) 57.84%

M < 40 MG/DL; F < 50 MG/DL
GLYCEMIC CONTROL

MEAN FASTING BLOOD SUGAR in mg/dl

<100 MG/DL
100-125 MG/DL
> 126 MG/DL

MEAN HBA1C in %
<5.6%
5.6-6.5%
>6.5%

MEAN PLATELET COUNT
MEAN ALBUMIN

(43) 42.16%

115.14 + 34.22 (78.08-334.38)
(31) 30.39%
(52) 50.98%
(19) 18.63%

6.22 +0.86 (4.1-9.7)
(27) 26.47%
(41) 40.20%
(34) 33.33%
253.21 + 75.86 (62-525)
4.297% 0.42 (2.9-5)

Table 2 shows no significant association between
ultrasound and elastograph (fibroscan) findings (p-value =
0.265). The ultrasound and fibroscan had the same results
in only 63.7% of the cases (53.9% both positive and 9.8%
both negative results). Twenty-three (23) of the 78
positives based on ultrasound were negative based on

fibroscan.

Table 2. Correlation of ultrasound results with elastograph
(fibroscan) results

FIBROSCAN ULTRASOUND TOTAL P value
NEGATIVE POSITIVE

NEGATIVE 10 23 33 0.265
9.8% 22.5% 32.4%

POSITIVE 14 55 69
13.7% 53.9% 67.6%

TOTAL 24 78 102
23.5% 76.5% 100.0%

The ultrasound findings and elastograph (fibroscan)
findings were also compared with the fibrosis score
(Tables 3 and 4, respectively). Ultrasound results were not
found to be significantly correlated with fibrosis score (p-
value = 0.271) but fibroscan results were (p-value = 0.000).

Vol. 29 No. 1 May 2014

Table 3. Correlation of ultrasound results with fibrosis

score
FIBROSIS SCORE ULTRASOUND P value
INTERPRETATION NEGATIVE POSITIVE
HIGH 7 33 0.271
17.50% 82.50%
Low 12 25
32.43% 67.57%
MODERATE 5 78
20.00% 76.47%
TOTAL 24 78
23.53% 76.47%

Table 4. Correlation of elastograph (fibroscan) results with
fibrosis score

FIBROSIS SCORE FIBROSCAN P value
INTERPRETATION NEGATIVE POSITIVE
HIGH 0 40 0.000
0.00% 100.00%
Low 32 5
86.49% 13.51%
MODERATE 1 24
4.00% 96.00%
TOTAL 33 69
32.35% 67.65%

www.asean-endocrinejournal.org
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Moreover, elastography was found to be more sensitive
compared to ultrasound (100% vs 82.5%, p = 0.0036) for
patients with diabetes and metabolic syndrome who have
a high probability of fibrosis and 96% vs 76.4% (p-value =
0.0036) for patients with moderate probability for fibrosis.
The elastograph is also more specific compared to the
ultrasound (86.49% vs 32.43%, p-value = 0.0000) for
detecting fatty liver and fibrosis.

Table 5 shows the correlation of the liver function tests
and fibrosis score. An AST level greater than 35 U/L has a
sensitivity of only 32.5% for detecting fatty liver and
fibrosis in patients with a high probability of fibrosis and
40% for patients with moderate probability. It has a 64.86%
specificity. ALT level greater than 35 U/L has a sensitivity
of 65% for detecting fatty liver and fibrosis in patients with
a high probability and 56% for patients with moderate
probability. It has a 45.95% specificity.

Table 5. Correlation of ALT and AST with fibrosis score

FIBROSIS SCORE INTERPRETATION P values
HIGH LOwW MODERATE
AST
<35 U/L 27 24 15 0.827
67.50% 64.86% 60.00%
>35 U/L 13 13 10
32.50% 35.14% 40.00%
TOTAL 40 37 25
39.22% 26.27% 24.51%
ALT
<35 U/L 14 17 11 0.589
35.00% 45.95% 44.00%
>35U/L 26 20 14
65.00% 54.05% 56.00%
TOTAL 40 37 25
39.22% 36.27% 24.51%

To find out which level of AST and ALT had the best
predictive value, an ROC curve analysis was done. The
rule of thumb states that the further the curve lies above
the reference line, the more accurate the test. However,
Figures 1 and 2 show that the curves for AST and ALT are
very close to the reference line, implying that the tests do
not accurately predict the positive actual state (positive
state = high fibrosis score for Figure 1 and moderate
fibrosis score for Figure 2). Moreover, Tables 6 and 7 show
that the areas under the curve, which represents the
probability that the ALT and AST results for a randomly
chosen positive case will exceed the results for a randomly
chosen negative case, are only slightly higher than 0.5 with
p-values > 0.05, implying that using ALT or AST to predict
NAFLD is not significantly different from guessing. This
indicates that no coordinates of the curve could be used as
basis for cut-offs that will result in the best sensitivity and
specificity.

Table 6. Area under the ROC curve (Positive state = high
probability of fibrosis)

Test Result Variable(s) Area p-value
ALT 10-35 U/L 522 .740
AST 10-35 U/L 531 .639

www.asean-endocrinejournal.org
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Figure 1. ROC curves of ALT and AST to distinguish
between patients with high and low probability of fibrosis.
The areas under the ROC curve for ALT and AST are
0.522 + 0.068 (95% confidence interval 0.388, 0.656) and
0.531 + 0.066 (95% confidence interval 0.401, 0.661),
respectively.
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Figure 2. ROC curves of ALT and AST to distinguish between patients
with moderate and low probability of fibrosis.The areas under the ROC
curve for ALT and AST are 0.585 + 0.075 (95% confidence interval
0.438, 0.733) and 0.605 + 0.076 (95% confidence interval 0.457,
0.753), respectively.
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Table 7. Area under the ROC curve (Positive state =
moderate probability of fibrosis)

Test Result Variable(s) Area p-value
ALT 10-35 U/L .585 .257
AST 10-35 U/L .605 162

Table 8 shows that FBS and HbA1C were not significantly
associated with fibrosis score while Table 9 shows that
among the components of lipid profile, only LDL was

found to be significantly associated with fibrosis score (p-
value = 0.020).

Table 8. Correlation of FBS and Hbalc with fibrosis

score

FIBROSIS SCORE P value
INTERPRETATION
HIGH LOW  MODERATE
FBS
<100 MG/DL 10 14 7 0.599
3226%  45.16% 22.58%
100-125 MG/DL 20 18 14
38.46%  34.62% 26.92%
> 126 MG/DL 10 5 4
5263%  26.32% 21.05%
TOTAL 40 37 25
39.22%  36.27% 24.51%
HBA1C
<5.6% 7 11 9 0.395
2593%  40.74% 33.33%
5.6-6.5% 16 16 9
39.02% 39.02% 21.95%
>6.5% 17 10 7
50.00%  29.41% 20.59%
TOTAL 40 37 25
39.22 36.27% 24.51%
DISCUSSION
This study showed that when ultrasound and

elastography results were compared to the surrogate gold
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standard (fibrosis score) for diagnosing fatty liver and
fibrosis, elastography was more sensitive and specific. The
basic principle of elastography relies on the application of
dynamic or static/semi-static stimulation from an intrinsic
(including autonomous) or extrinsic source of tissues.
Under physical regulation of elastic mechanics and
biomechanics, tissues would generate a strain as a
response to relocation, reactions, and possibly a certain
change in the speed, which is shown as a disturbance in
distribution. Therefore, ultrasonic elastography can obtain
quantitative information on distributions of elasticity in
tissues.!!

This study also showed that both ALT and AST are not
good markers for fatty liver and fibrosis among patients
with type 2 DM and metabolic syndrome. Even though the
primary laboratory abnormalities in NAFLD are elevated
serum AST and ALT levels; they are seldom higher than 3
or 4 times the upper limit of normal. Changes of
aminotransferases do not parallel changes in fibrosis stage.
In a study by Somaye et al., in which they classified
patients to have normal or elevated ALT levels using a
cut-off value of 35U/L, it was found that by decreasing the
normal value, there was no significant difference between
patients with NAFLD according to their pathologic
findings except for ballooning of hepatocytes, which is a
minor finding compared to more frequent presentations
such as fibrosis."* But in another study by Paschos, et al., it
has been suggested that the normal limits for ALT values
should be revised and lowered.’>1® The decrease of the
upper limits of normal for ALT level from 40 U/L to 30
U/L in men and from 30 U/L to 19 U/L in women increases
the sensitivity for detection of patients with liver injury
from 55% to 76% but decreases the specificity from 97% to

Table 9. Correlation of lipid profile with fibrosis score

FIBROSIS SCORE INTERPRETATION TOTAL P value
HIGH LOW MODERATE
CHOLESTEROL
<200 MG/DL 21 21 8 50 0.599
42.00% 42.00% 16.00% 100.00%
>200 MG/DL 19 16 17 52
36.54% 30.77% 32.69% 100.00%
TOTAL 40 37 25 102
39.22% 36.27% 24.51% 100.00
TRIGLYCERIDE
<150 MG/DL 7 11 9 27 0.395
25.93% 40.74% 33.33% 100.00%
>150 MG/DL 17 10 7 34
50.00% 29.41% 20.59% 100.00%
TOTAL 40 37 25 102
39.22 36.27% 24.51% 100.00%
LDL
<100 MG/DL 6 14 3 23 0.020
26.09% 60.87% 13.04% 100.00%
>100 MG/DL 34 23 22 79
43.04% 29.11% 27.85% 100.00%
TOTAL 40 37 25 102
39.22% 36.27% 24.51% 100.00%
HDL
M >40 MG/DL 25 24 10 59 0.113
F >50 MG/DL 42.37% 40.68% 16.95% 100.00%
M <40 MG/DL 15 13 15 43
F <50 MG/DL 34.88% 30.23% 34.88% 100.00%
TOTAL 40 37 25 102
39.22% 36.27% 24.51% 100.00%
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88%. This study used an AST and ALT cut-off of 35 U/L
which still indicated low sensitivity and specificity for
detecting NAFLD and fibrosis.!

FBS and HbA1C were not significantly associated with
fibrosis score in this study. This may be attributed to the
fact that the development of NAFLD is associated with
insulin resistance. This may occur even in the presence of
normoglycemia.!¢1”

Excess glycogen accumulation in the liver is seen in 80% of
diabetic patients regardless of sugar levels.’® The finding
of glycogen nuclei in a patient with fatty liver is useful
confirmatory evidence that the fatty liver is secondary to
diabetes even if the glucose tolerance test is normal.
Sandhya et al., showed that it was the oxidative stress
found in insulin resistance and diabetes that contribute to
the development of fatty liver and fibrosis.!

When lipid profile was compared to the presence of fatty
liver and fibrosis, only elevated LDL levels showed a
correlation with the fibrosis score. An elevated LDL level
(greater than 100 mg/dl) makes the likelihood of fatty liver
and fibrosis greater. The consistent positive correlation of
LDL levels with imaging studies may be because it is
found to be the most atherogenic.!> Previously, serum
triglyceride levels were also thought to be elevated in fatty
liver but recent findings showed that the hallmark of
NAFDL is excessive accumulation of triglycerides in the
liver, but not necessarily in the blood."

The main limitation of this study is that the true
gold standard (liver biopsy) was not done for the
patients included in this study. Liver biopsy is an
invasive procedure with associated costs, complications
and inherent inaccuracy due to sampling error and
inter- and intraobserver variability in histopathological
interpretation. 1120

CONCLUSIONS AND RECOMMENDATIONS

Elastograph (fibroscan) is more sensitive and specific than
traditional ultrasound in detecting fatty liver in the
presence of severe and moderate probability for fibrosis.
Ultrasound, ALT and AST showed no correlation with
fibrosis score.

US Elastography in Detection of Fatty Liver and Fibrosis
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