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Abstract
AIM: To establish and validate a simple quantitative 
assessment method for nonalcoholic fatty liver disease 
(NAFLD) based on a combination of the ultrasound he-
patic/renal ratio and hepatic attenuation rate.

METHODS: A total of 170 subjects were enrolled in 
this study. All subjects were examined by ultrasound 
and 1H-magnetic resonance spectroscopy (1H-MRS) 
on the same day. The ultrasound hepatic/renal echo-
intensity ratio and ultrasound hepatic echo-intensity at-
tenuation rate were obtained from ordinary ultrasound 
images using the MATLAB program.

RESULTS: Correlation analysis revealed that the ultra-
sound hepatic/renal ratio and hepatic echo-intensity 
attenuation rate were significantly correlated with 1H-
MRS liver fat content (ultrasound hepatic/renal ratio: 
r  = 0.952, P  = 0.000; hepatic echo-intensity attenua-
tion r  = 0.850, P  = 0.000). The equation for predicting 

liver fat content by ultrasound (quantitative ultrasound 
model) is: liver fat content (%) = 61.519 × ultrasound 
hepatic/renal ratio + 167.701 × hepatic echo-inten-
sity attenuation rate -26.736. Spearman correlation 
analysis revealed that the liver fat content ratio of the 
quantitative ultrasound model was positively correlated 
with serum alanine aminotransferase, aspartate amino-
transferase, and triglyceride, but negatively correlated 
with high density lipoprotein cholesterol. Receiver op-
erating characteristic curve analysis revealed that the 
optimal point for diagnosing fatty liver was 9.15% in 
the quantitative ultrasound model. Furthermore, in the 
quantitative ultrasound model, fatty liver diagnostic 
sensitivity and specificity were 94.7% and 100.0%, 
respectively, showing that the quantitative ultrasound 
model was better than conventional ultrasound meth-
ods or the combined ultrasound hepatic/renal ratio and 
hepatic echo-intensity attenuation rate. If the 1H-MRS 
liver fat content had a value < 15%, the sensitivity and 
specificity of the ultrasound quantitative model would 
be 81.4% and 100%, which still shows that using the 
model is better than the other methods.

CONCLUSION: The quantitative ultrasound model is 
a simple, low-cost, and sensitive tool that can accu-
rately assess hepatic fat content in clinical practice. It 
provides an easy and effective parameter for the early 
diagnosis of mild hepatic steatosis and evaluation of 
the efficacy of NAFLD treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The quantitative ultrasound model is a sim-
ple, low-cost, and sensitive tool that can accurately as-
sess hepatic fat content in clinical practice. It provides 
an easy and effective parameter for early diagnosis of 
mild hepatic steatosis and evaluation of the efficacy of 
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of  the 
most important causes of  chronic liver disease. At pres-
ent, the prevalence of  NAFLD has been increasing year 
by year, reaching 30% in Europe and the United States 
and about 15% in Asia[1]. NAFLD is closely associated 
with the occurrence of  many chronic diseases, such as 
diabetes and cardiovascular diseases. NAFLD was also 
reported to be associated with increased insulin resis-
tance[2]. A meta-analysis showed that the prevalence of  
diabetes significantly increased in patients with NAFLD, 
and was 2-3 times higher than normal[3]. If  the disease is 
not diagnosed early, abnormal glucose metabolism and 
cardiovascular disease could easily manifest in patients 
with NAFLD. Hence, early diagnosis of  NAFLD could 
help predict the occurrence of  diabetes and cardiovas-
cular disease, which is important in preventing these 
chronic diseases from developing further.

At present, the gold standard for diagnosing NAFLD 
is liver biopsy. However, liver biopsy is invasive and may 
cause serious complications - a method not suitable for 
screening NAFLD. 1H magnetic resonance spectroscopy 
(1H-MRS) is a noninvasive technique that can quantita-
tively detect NAFLD with high sensitivity. However, using 
this technique is not practical for screening NAFLD, due 
to equipment requirements and high cost[4]. Therefore, it 
appears that there is an urgent need for screening early 
NAFLD by using simpler and more efficient methods.

Liver ultrasonic scanning is one of  the common meth-
ods for diagnosing NAFLD, but this method can be easily 
affected by subjective factors; hence, this method cannot 
accurately detect liver fat content. As a result, it is difficult 
to diagnose NAFLD at an early stage. However, with the 
development of  computer technology, it is now possible 
to quantitatively determine liver fat content by the ultra-
sound hepatic/renal ratio. Xia et al[5] found that the ul-
trasound hepatic/renal ratio significantly correlated with 
liver biopsy and 1H-MRS in determining liver fat content, 
which implied that the ultrasound hepatic/renal ratio 
could partly reflect NAFLD development. In addition, 
the hepatic echo-intensity attenuation rate is an ultrasonic 
quantitative indicator; and Kwon et al[6] found that the 
hepatic echo-intensity attenuation rate showed a correla-
tion with the degree of  NAFLD in animal experiments; 
however, results were obtained by applying these two 
methods had low accuracy. Szczepaniak et al[7] found that 

the sensitivity and specificity of  the ultrasound hepatic/
renal ratio (62.7%) and the hepatic echo-intensity attenu-
ation rate (68.0%) in fatty liver diagnosis were 64.7% and 
70.0%, respectively. Sensitivity and specificity were still 
not able to achieve the requirements for clinical diagnosis 
of  NAFLD. Physicians need a mature quantitative ultra-
sound model that can provide simple, accurate, and stable 
results in evaluating liver fat content.

Hence, in our hypothesis, we propose a combined 
ultrasound hepatic/renal ratio and hepatic echo-intensity 
attenuation rate evaluation; compensating for their 
shortcomings and improving the accuracy of  detecting 
NAFLD. This study aims to explore a simple, low-cost, 
and sensitive model that can detect liver fat content. The 
specificity and sensitivity of  this new evaluation model 
were determined.

MATERIALS AND METHODS
Subjects
From December 2012 to October 2013, 129 patients 
with NAFLD in our hospital were enrolled according to 
the following inclusion criteria: (1) diagnosed with fatty 
liver by ultrasound; (2) no recent heavy drinking history; 
(3) did not take drugs that could affect liver functions 
and liver fat; and (4) no serious liver or kidney disease.

The 129 NAFLD patients had a mean age of  45.3 ± 
7.1 years; 83 cases were diagnosed with mild fatty liver 
and 46 cases were diagnosed with severe fatty liver. The 
41 healthy subjects diagnosed without fatty liver were 
enrolled in the control group.

Methods
Anthropometric measurement and biochemical detection: 
The height, weight, waistline, and hipline measurements 
were taken from the patients; body mass index (BMI) and 
waist/hip ratios were then calculated. Triglyceride (TG), 
total cholesterol (TC), high density lipoprotein cholester-
ol (HDL-C), low density lipoprotein cholesterol (LDL-C), 
and liver enzyme, alanine and aspartate aminotransferase 
(AST, ALT) serum levels were recorded.

Fat content detection by 1H-MRS: The liver fat con-
tent of  all subjects were detected by 1H-MRS. The right 
lobe of  the liver was located when patients were lying 
in the supine position. Areas under the water peak and 
fat peak were recorded. Liver fat content was calculated 
as [liver fat content (%) = area under the fat peak × 
100/(area under the fat peak + area under the water 
peak)]. Liver fat content ≥ 5.56% was defined as fatty 
liver[7-9].

Ultrasound hepatic/renal ratio and hepatic echo-
intensity attenuation rate analysis: All subjects under-
went color Doppler ultrasound examinations. Ultrasonic 
images were analyzed by MATLAB software. Average 
gray-scale intensities were determined in liver and renal 
cortex regions of  interest (ROIs). The hepatic/renal ratio 
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was calculated according to the equation: hepatic/renal 
ratio = mean gray-scale intensity of  the liver/mean gray-
scale intensity of  the renal cortex (Figure 1A). Two liver 
ROI samples were selected at a depth of  4-6 cm from 
the near-field of  the same beam. The distance between 

the two ROIs were measured (Figure 1B). The hepatic 
echo-intensity attenuation rate was calculated according 
to the equation: hepatic echo-intensity attenuation rate 
= (lnAn-lnAf)/(∆d × f); where An and Af  represent the 
mean echo intensity of  the near-field and far-field ROIs, 
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Figure 1  Ultrasonic liver image with hepatic/renal ratio and hepatic echo-intensity attenuation rate. A: Ultrasonic liver image with hepatic/renal ratio. ROI-1 and 
ROI-2 stands for the echo gray histograms of the liver and kidney cortex ROIs; B: Ultrasonic liver image with hepatic echo-intensity attenuation rate. ROI-1 and ROI-2 
stands for the near-field and far-field echo gray histograms of the liver. ROI: Region of interest.
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Table 1  General data comparison of the two groups

respectively; ∆d is the line distance between the two ROIs 
and f  is the ultrasonic transducer frequency.

Statistical analysis
Data was analyzed using SPSS 18.0 statistical software 
(SPSS Inc., Chicago, IL, United States). Numerical vari-
able data with normal distribution were recorded as (mean 
± SD). Spearman correlation analysis was performed 
between the quantitative ultrasound parameters and 1H-
MRS liver fat content. The optimum qualitative diagnosis 
point of  the NAFLD and quantitative fat content estima-
tion by ultrasound were determined by receiver operat-
ing characteristic (ROC) curve analysis. The optimum 
ultrasonic quantity point was confirmed by the Youden 
index [maximum value of  (sensitivity + specificity-1)]. 
Logistic regression analysis was used for the quantitative 
ultrasound parameters to determine the equation for pre-

dicting liver fat content. P < 0.05 indicates that the differ-
ences were statistically significant.

RESULTS
Analysis of the subject’s general data
Based on the diagnostic standard (liver fat content ≥ 
5.56% defined as fatty liver) determined by 1H-MRS, 
the subjects were divided into two groups, the fatty liver 
group and the non-fatty liver group. The general data of  
the two groups was compared. BMI, waist/hip ratio, and 
serum ALT, AST, and TC levels of  the fatty liver group 
were significantly higher than the non-fatty liver group, 
while serum HDL-C levels were significantly lower. The 
differences were statistically significant (P < 0.05). The 
age, gender, TG, and LDL-C differences between the 
two groups were not statistically significant (P > 0.05). 
The ultrasound hepatic/renal ratio and hepatic echo-
intensity attenuation rate of  the fatty liver group were 
significantly higher than the non-fatty liver group; and 
the differences were statistically significant (P < 0.05) 
(Table 1).

Correlation between quantitative ultrasound parameters 
and liver fat content determined by 1H-MRS
Correlation analysis revealed that the ultrasound he-
patic/renal ratio and hepatic echo-intensity attenuation 
rate were significantly correlated with 1H-MRS liver fat 
content (ultrasound hepatic/renal ratio: r = 0.952, P = 
0.000; hepatic echo-intensity attenuation r = 0.850, P = 
0.000) (Figure 2).

Defining the quantitative ultrasound model for liver fat 
content estimation
1H-MRS liver fat content was set as a dependent variable. 
Multiple linear regression analysis was utilized to screen 
the main quantitative parameters for liver fat content esti-
mation. The ultrasound hepatic/renal ratio was the stron-
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Figure 2  Linear correlation analysis between 1H-magnetic resonance spectroscopy liver fat content and ultrasound hepatic/renal ratio (A), and hepatic 
echo-intensity attenuation rate (B). The illustration shows that the 1H-MRS liver fat content that was determined significantly correlated with (A) the ultrasound he-
patic/renal ratio (r = 0.952, P = 0.000) and (B) the hepatic echo-intensity attenuation rate (r = 0.850, P = 0.000). MRS: Magnetic resonance spectroscopy.

Classification Non-fatty liver 
group (n  = 41)

Fatty liver group 
(n  = 129)

P

Age (yr) 54.32 ± 6.24 53.72 ± 5.81 0.182
Gender (male/female) 20/21 67/62 0.613
BMI (kg/m2)  24.11± 0.73 27.38 ± 0.64 0.005
Waist/hip ratio   0.86 ± 0.02   0.93 ± 0.01 0.001
ALT (IU/L) 18 (11-22) 35 (18-41) 0.001
AST (IU/L) 18 (14-25) 24 (18-39) 0.001
TC (mmol/L)   1.03 (0.75-1.22) 1.72 (1.35-2.43) 0.000
TG (mmol/L)   4.87 ± 0.27   5.02 ± 0.18 0.532
HDL-C (mmol/L)   1.42 ± 0.05   1.18 ± 0.04 0.003
LDL-C (mmol/L)   3.01 ± 0.23   2.98 ± 0.15 0.672
Ultrasound hepatic/
renal ratio

  0.55 ± 0.01   0.80 ± 0.04 0.000

Hepatic echo-intensity 
attenuation rate 
(cm-1·MHz-1)

-0.0193 ± 0.0031   0.0027 ± 0.0016 0.000

BMI: Body mass index; TG: Triglyceride; TC: Total cholesterol; HDL-C: 
High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cho-
lesterol.
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Table 3  Correlation analysis between metabolic indices and liver fat content determined by the quantitative ultrasound model

Table 2  Quantitative ultrasound index estimation model for liver fat content

gest predictor of  liver fat content (corrective R2 = 79.0%, 
P = 0.000). When combined with the hepatic echo-
intensity attenuation rate, a higher estimation accuracy 
can be achieved (corrective R2 = 80.1%, P = 0.000). The 
equation for liver fat content prediction by ultrasound 
(quantitative ultrasound model) was: liver fat content (%) 
= 61.519 × ultrasound hepatic/renal ratio + 167.701 × 
hepatic echo-intensity attenuation rate -26.736 (Table 2).

Correlation analysis between the metabolic indices and 
the liver fat content quantitative ultrasound model
Spearman correlation analysis revealed that the liver fat 
content quantitative ultrasound model was positively cor-
related with serum ALT, AST, and TG, but negatively cor-
related with HDL-C; however, it was not correlated with 
serum LDL-C and TC (Table 3).

Fatty liver diagnosis by the quantitative ultrasound 
model and conventional ultrasound
ROC analysis revealed that the optimum point of  fatty 
liver diagnosis was 9.15%, using the quantitative ultra-
sound model. When 1H-MRS was set as the gold stan-
dard for diagnosing fatty liver by the quantitative ultra-
sonic model, the sensitivity and specificity for fatty liver 
diagnosis were 94.7% and 100.0%, respectively. These 
results were better than using the conventional ultra-
sound method, or single use of  the ultrasound hepatic/
renal ratio and the hepatic echo-intensity attenuation 
rate. A subgroup analysis was also performed, where 
1H-MRS liver fat content was < 15%; the results for the 
sensitivity and specificity of  the quantitative ultrasound 
model were 81.4% and 100%, respectively. These results 
are still better than applying other methods (Table 4).

DISCUSSION
In this study, the ultrasound hepatic/renal ratio and hepat-
ic echo-intensity attenuation rate significantly correlated 

with 1H-MRS liver fat content. The sensitivity and speci-
ficity of  fatty liver diagnosis by the novel quantitative 
ultrasound model (hepatic/renal ratio and hepatic echo-
intensity attenuation rate combination) were significantly 
higher than by conventional ultrasound; which implies 
that the quantitative ultrasound model can conveniently 
and accurately determine liver fat content. We hope that 
this model could provide a convenient and effective 
method for diagnosing NAFLD and mild fatty liver de-
generation.

Correlation between ultrasound hepatic/renal ratio, 
hepatic echo-intensity attenuation rate, and 1H-MRS liver 
fat content
Currently, 1H-MRS is considered the gold standard for 
determining liver fat content[10,11]. In this study, the he-
patic/renal ratio and hepatic echo-intensity attenuation 
rate were highly correlated with 1H-MRS liver fat content; 
suggesting that these methods could also accurately as-
sess liver fatty content as well. Compared with 1H-MRS, 
these methods are more convenient, economic, and easy 
to operate[3,12,13], which can be used as new tools for clini-
cal NAFLD diagnosis.

Efficacy comparison of the quantitative ultrasound 
model and conventional ultrasound in fatty liver 
diagnosis
This study shows that the sensitivity and specificity of  
fatty liver diagnosis, by the ultrasound hepatic/renal ratio 
and hepatic echo-intensity attenuation rate, were signifi-
cantly better than the conventional ultrasound method. 
Furthermore, combining the two methods and the quan-
titative ultrasound model resulted in better sensitivity 
and specificity, which implies that the quantitative ultra-
sound model could significantly improve the sensitivity 
and specificity of  fatty liver diagnosis. A possible reason 
for this observation is that the traditional standard for 
ultrasound fatty liver diagnosis is relatively subjective and 
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Model Regression coefficients ± SD P value Corrective R 2 RMSE

Ultrasound hepatic/
renal ratio

Hepatic echo-intensity 
attenuation rate

Constant

Liver fat content 1 72.012 ± 3.445 - -34.704 ± 2.302 -34.704 ± 2.302 0.000 79.0% 6.12
2 61.519 ± 4.311 167.701 ± 42.115 -26.736 ± 3.012 -26.736 ± 3.012 0.000 80.1% 5.33

Model 1: Ultrasound hepatic/renal ratio model to estimate 1H-MRS liver fat content. Model 2: Hepatic echo-intensity attenuation rate model to estimate 1H-
MRS liver fat content. RMSE: Root mean square error; 1H-MRS: 1H-magnetic resonance spectroscopy.

AST ALT TC TG HDL-C LDL-C

r 0.301 0.411 0.015 0.512 -0.331 -0.079
P 0.001 0.000 0.721 0.000  0.001  0.332

Zhang B et al . Liver fat content quantification

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG: Triglyceride; TC: Total cholesterol; HDL-C: High density lipoprotein cholesterol; 
LDL-C: Low density lipoprotein cholesterol.



Table 4  Comparison of fatty liver diagnosis by the ultrasound quantitative model, the ultrasound hepatic/renal ratio, the hepatic 
echo-intensity attenuation rate, and conventional ultrasound

can easily result in misdiagnosis[14-16]. However, a com-
puter-assisted quantitative ultrasound model makes the 
fatty liver objective and quantitative, which cannot easily 
be influenced by subjective factors and avoids subjective 
deviation[5,17,18]. Meanwhile, this method can accurately 
provide quantitative liver fat content information; over-
coming the limitations of  a qualitative-only diagnosis 
performed by conventional ultrasound.

Efficiency of the quantitative ultrasound model in mild 
fatty liver diagnosis
The result shows that the sensitivity and specificity of  
mild fatty liver diagnosis by quantitative ultrasound mod-
el is significantly higher than by ultrasound hepatic/renal 
ratio, hepatic echo-intensity attenuation rate, or conven-
tional ultrasound. The result also indicates that even with 
a slightly echo-enhanced ultrasound image of  the liver, 
fatty liver still could not be distinguished by the naked 
eye; but fatty liver could be identified early by using the 
indices of  the quantitative ultrasound model. Hence, pa-
tients with early fatty liver can be diagnosed by using the 
quantitative ultrasound model[19,20]. Moreover, the quanti-
tative ultrasound model is more convenient and easier to 
operate than the 1H-MRS, especially for early fatty liver 
screening in a large population.

Correlation analysis between metabolic indices and fat 
content by the quantitative ultrasound model
The study showed that liver fat content determined by 
quantitative ultrasound model was positively correlated 
with serum ALT, AST, and TG, but negatively correlated 
with HDL-C; suggesting a correlation with liver function 
and blood lipids. The result was similar to the previous 
studies on determining liver fat content by 1H-MRS[21-23]. 
Most patients diagnosed with fatty liver have liver func-
tion damage and dyslipidemia. The quantitative ultra-
sound model can detect this correlation, and we hope 
that this method could be a useful tool for detecting fatty 
liver in clinical practice.

Limitation
There are still some deficiencies in this study. At present, 

the strictest standard for diagnosing fatty liver is liver bi-
opsy. In our study, 1H-MRS detection was set as the gold-
en standard for diagnosing NAFLD and not liver biopsy, 
because of  the high risk of  complications. We believe that 
1H-MRS is a relatively accurate and reliable method for 
diagnosing fatty liver, because this method was used as 
the diagnostic criteria for several large-scale studies. Many 
studies have also shown that 1H-MRS was consistent with 
liver biopsy, in terms of  diagnosing fatty liver[24-28].

In conclusion, the study successfully established the 
quantitative ultrasound model for liver fat content; by 
combining the ultrasound hepatic/renal ratio and hepatic 
echo-intensity attenuation rate, liver fat content can be ac-
curately determined. The study also provides a simple and 
effective method for the early diagnosis of  mild NAFLD 
degeneration.

COMMENTS
Background
Nonalcoholic fatty liver disease (NAFLD) is one of the most important causes 
of chronic liver disease. This disease is closely associated with the occurrence 
of many chronic diseases, such as diabetes and cardiovascular diseases. A 
meta-analysis showed that abnormal glucose metabolism and cardiovascular 
disease could easily manifest in patients with NAFLD, if the disease could not 
be diagnosed in a timely manner. Hence, early diagnosis of NAFLD could pre-
dict the occurrence of diabetes and cardiovascular disease: an important factor 
in preventing the development of these chronic diseases.
Research frontiers
The gold standard for NAFLD diagnosis is liver biopsy. However, this method 
is invasive and may cause serious complications. Furthermore, this method is 
not suitable for screening NAFLD. We established that liver fat content could 
be quantitatively detected by the ultrasound hepatic/renal ratio. Moreover, the 
hepatic echo-intensity attenuation rate is a quantitative ultrasound indicator. 
However, its sensitivity and specificity did not meet the requirement for clini-
cally diagnosing NAFLD. Therefore, physicians need a mature quantitative 
ultrasound model that can provide a simple, accurate, and stable method for 
evaluating liver fat content.
Innovations and breakthroughs
This study successfully established the quantitative ultrasound model for de-
termining liver fat content by combining the ultrasound hepatic/renal ratio and 
hepatic echo-intensity attenuation rate; which can accurately reflect liver fat 
content. The study also provides a simple and effective method for diagnosing 
early mild NAFLD degeneration.
Applications
The quantitative ultrasound model can conveniently and accurately determine 
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Group 1H-MRS diagnosis of fatty liver

Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)
All subjects
Quantitative ultrasound model 94.7 100.0 100.0 82.6
Conventional ultrasound 83.7   70.7   90.0 58.0
Ultrasound hepatic/renal ratio 88.3   84.5   94.2 72.4
Hepatic echo-intensity attenuation rate 86.7   78.7   92.0 67.0
Subjects with fatty content < 15% (1H-MRS)
Quantitative ultrasound model 81.4 100.0 100.0 84.5
Conventional ultrasound 47.6   70.3   73.1 62.7
Ultrasound hepatic/renal ratio 67.5   81.7   87.6 70.3
Hepatic echo-intensity attenuation rate 55.6   74.3   82.1 68.7

 COMMENTS
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liver fat content. We hope it can provide a convenient and effective method for 
diagnosing NAFLD and mild fatty liver degeneration.
Peer review
This is a very interesting manuscript about ultrasound hepatic/renal ratio and 
hepatic attenuation rate. In this paper, the authors establish and validate a 
simple method for quantitative assessment of NAFLD based on the combina-
tion of ultrasound hepatic/renal ratio and hepatic attenuation rate.
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