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This study investigates the utility of Hydrogen 1 (1H) magnetic resonance spectroscopy as a noninvasive 
test for steatosis of response to interferon and ribavirin treatment in patients developing different 
severity of hepatitis C virus (HCV). Ninety chronic hepatitis C patients undergoing antiviral therapy with 
interferon and ribavirin underwent 1H MR spectroscopy at 3.0T before treatment, 6 month after the start 
of treatment and one year after the start of treatment. Peak value of lipid, area under the peak of lipid, 
peak ratio of lipid, water and area ratio under the peak of lipid, water statistical difference between 
baseline of control group and antiviral group, and also between baseline and after the start of therapy 6 
month of antiviral therapy group. 1H MRS is a noninvasive technique that can be used to provide liver 
steatosis information on hepatic metabolic processes. This study indicates that the 1H MRS can be 
used as an indicator of steatosis response to antiviral treatment in chronic hepatitis C patients. 
  
Key words: Hydrogen 1 (1H), magnetic resonance spectroscopy (MRS), hepatitis C, antiviral therapy.  

 
 
INTRODUCTION 
 
For the reason of obesity and insulin resistance in non-
alcoholic fatty liver disease (NAFLD), the prevalence of 
hepatic steatosis is increasing rapidly in the world (Angulo, 
2002; Williams, 2006). Simple nonalcoholic steatosis can 
progress to more serious liver disease (nonalcoholic 

steatohepatitis and cirrhosis), representing a threat to 
public health.  

Diagnosis and quantification of hepatic steatosis is 

important. In NAFLD, steatosis is the hepatic mani-
festation of the metabolic syndrome and the earliest 
biomarker for the development of liver fibrosis in the more 
severe condition of non-alcoholic steatohepatitis (NASH). 
Early diagnosis and treatment of NASH can prevent the 
potential development of cirrhosis and hepatocellular 
carcinoma (HCC) (Adams et al., 2005; Farrell and Larter, 
2006; Rector et al., 2008). In hepatitis C, steatosis is
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associated with more severe fibrosis and rapid disease 
progression (Adinolfi et al., 2001; Rubbia-Brandt et al., 
2004). Liver biopsy remains the gold standard for 
providing the evaluation of hepatic steatosis, despite well-
established drawbacks regarding its invasiveness and 
sampling error due to small sample size and inter-
observer variability (Bravo et al., 2001). But this invasive 
procedure is not without risk. There is a small mortality 
rate but a high error rate, predominantly owing to under 
sampling, whereby typically less than 1/50,000 of the liver 
volume is obtained for histologic evaluation. Histological 
assessment of a needle biopsy specimen is potentially 
inaccurate since heterogenic manifestation of hepatic 
steatosis can lead to underscoring of the degree of 
steatosis or to false-positive results (Ratziu et al., 2005). 
These factors highlight the need for a noninvasive test to 
characterize diffuse liver disease. For ethical reasons and 
because most patients are unwilling to undergo repeated 
procedures, treatment algorithms rarely mandate or 
require serial liver biopsies.  

Noninvasive modalities such as ultrasound (US), 
computed tomography (CT), and magnetic resonance 
imaging (MRI) have been employed for the assessment 
of hepatic steatosis (Saadeh et al., 2002; Mehta et al., 
2008; Cho et al., 2008). However, these modalities do not 
specifically measure hepatic fat content, are semi-
quantitative, and lack high sensitivity and specificity (Cho 
et al., 2008). Many studies have focused on the role of 
imaging techniques as a non-invasive alternative to liver 
biopsy for detecting and quantifying hepatic steatosis 
(Charatcharoenwitthaya and Lindor, 2007; Hamer et al., 
2006, Joseph and Saverymuttu, 1991; Szczepaniak et 
al., 2005). The reported sensitivities and specificities 
between different imaging techniques and between 
different studies investigating the same technique vary 
substantially.  

1H MRS is widely used to measure intramyocellular 
and intrahepatocellular lipid content in vivo (Szczepaniak 
et al., 1999). 1H-MRS measures the resonance signals 
derived from protons in triglycerides, which can be 
quantified and used as a noninvasive measure for the 
degree of steatosis. The lipids observed in 1H MRS arise 
mainly from triglycerides (TGs) in lipid droplets (Opstad et 
al., 2008) as these are NMR visible, whereas lipids bound 
to membranes and proteins are too rigid to generate a 1H 
MRS-observable signal. This property of 1H MRS to 
detect mobile lipids in lipid droplets has made it the 
standard method for the quantification of liver fat content 
(LFAT) (Szczepaniak et al., 2005). The purpose of this 
essay was to assess the value of 1H MRS in diagnosis of 
hepatic steatosis in non-alcoholic fatty liver disease. 
 
 
MATERIALS AND METHODS  
 
Patients 
 
From January 2010 to June 2010, after institutional and ethics 
board review and approval and after providing informed consent, 

  
 
 
 
120 patients with chronic hepatitis C were enrolled. The diagnosis 
of decompensated HCV-induced cirrhosis was based on the 
American Association for the Study of Liver Diseases Clinical 
Guideline for Hepatitis C (2004).  

All enrolled patients were also naive to any anti-viral treatments. 
Other inclusion criteria were (1) HCV RNA >500 copies/mL; (2) 
absence of complications such as gastrointestinal bleeding, hepatic 
encephalopathy and primary liver cancer; and (3) liver function 
defined as Child-Pugh grade A or B based on serum bilirubin, 
serum albumin, presence of ascites, presence of hepatic ence-
phalopathy and prothrombin time. Patients with hypersplenism were 
also enrolled.  Exclusion criteria included: (1) infection with hepatitis 
A, B, D or F virus, Epstein-Barr virus, cytomegalovirus or human 
immunodeficiency virus; and (2) presence of alcoholic or drug-
induced liver diseases, Child Cor severe heart, brain or kidney 
disease. 

A total of 120 patients that meet the inclusion criteria were 
enrolled. Patients were considered as part of the treatment group (n 
= 90) or control group (n = 30) based upon whether they opted to 
receive anti-viral therapy. The study was approved by the 
Institutional Review Board of the hospital, and informed consent 
was obtained from all study participants.  
 
 

Clinical evaluation 
 

Determination of therapeutic efficacy 
 
The primary endpoints were (1) SVR, defined as HCV RNA 
undetectable or < 500 copies/mL for at least 24 weeks after 
treatment discontinuation (Pearlman, 2012); (2) relapse, defined as 
HCV RNA undetectable or < 500 copies/mL during antiviral therapy, 
but becomes detectable at 24 weeks after treatment 
discontinuation. The secondary endpoint was assessment of 
disease progression, (defined as an increase of 2 or more in the 
Child-Pugh score), presence of primary hepatocellular carcinoma, 
renal dysfunction, spontaneous bacterial peritonitis, variceal 
bleeding or death due to liver disease (Liaw et al., 2004) 
 
 

Measures 
 

Patients in the treatment group were evaluated for serum HCV 
antibodies, liver function, HCV RNA, coagulation function, thyroid 
function, and alphafetoprotein as well as liver computed 
tomography. Routine blood and urine tests were performed before 
the start of the study. Routine blood and liver function tests were 
performed weekly in the first month, then once every 4 weeks 
during the study period and once every 8 weeks for 24 weeks after 
discontinuation of treatment. Quantitative detection of HCV RNA 
was done immediately prior to treatment (baseline), at 24 and 48 
weeks after treatment, and 6 months after discontinuation of 
treatment. HCV RNA levels were quantitated by real-time 
polymerase chain reaction (PCR) using a kit from the Roche 
company.  

Patients in the control group were evaluated for liver function and 
HCV RNA levels. Routine blood tests and color ultrasonography of 
the liver were done once every 12 weeks. All patients were 
assessed for disease progression. 
 
 

Treatment regimen and follow-up 
 

All participants received symptomatic and supportive treatment, 
including treatment for reducing levels of transaminase and bilirubin 
and supplemental albumin. For patients in the treatment group, 
those who had a neutrophil count of ≥ 1.0 × 109/L, platelet count of 
≥ 50 × 109/L and hemoglobin of > 10 g/L were treated additionally 
with both Peg-IFNα-2a and RBV. The initial dose of Peg-IFNα-2a  



 
 
 
 
was 180 μg/kg subcutaneously. Peg-IFNα-2a dosage was reduced 
to 90 μg/kg once weekly when neutrophil or platelet counts 
decreased to ≤ 0.75 × 109/L or < 50 × 109/L, respectively. The dose 
was returned to 180 μg/kg if neutrophil and platelet counts 
increased to > 0.75 × 109/L and ≥ 50 × 109/L, respectively, after 
two weeks. Treatment was discontinued if neutrophil count was ≤ 
0.5 × 109/L or platelet count was < 30 × 109/L. Patients tolerating 
the standard Peg-IFNα-2a dose of 180 μg/kg weekly were treated 
for 48 weeks. Patients who could not tolerate the standard dose 
were treated with the reduced dose of 90 μg/kg once weekly for up 
to 72 weeks. 

Patients with hemoglobin of > 100 g/L were initially treated with 
standard dose of RBV (genotype 1: 1200 mg/d for patients with 
body weight >75 kg and 1000 mg/d for patients with body weight ≤ 
75 kg; non-genotype 1: 1000 mg/d for patients with body weight > 
75 kg and 800 mg/d for  patients with body weight ≤ 75kg). RBV 
dosage was reduced when hemoglobin levels decreased to ≤ 100 
g/L after the dosage increase. RBV treatment was discontinued 
when hemoglobin levels were ≤ 80 g/L. Patients tolerating the 
standard dose of RBV were treated for 48 weeks. Patients 
developing cytopenia during the treatment period were treated with 
cell growth-stimulating factor and/or erythropoietin. All patients were 
followed up for 3 years. 
 
 
MR imaging and 1H-MR spectroscopy 
 
MR measurement was performed on a clinical Philips Achieva 3.0 T 
TX scanner (Philips Healthcare, Best, The Netherlands). The Sense 
Torso coil was positioned on the abdomen and scout image were 
acquired to localize the liver and surrounding structures.T1-, T2- 
weighted, were performed in all patients and controls . TR/TE 
2000/40 ms, FOV =35mm*35mm*35mm, 96 averages, 3.4mm, PA 
w/s exc angle 250.  

1H-MR spectrum was acquired with and without water 
suppression. Localized single voxel point resolved spectroscopy 
(PRESS) BH with TR/TE=3,000 ms/35 ms and number of averages 
=64 were taken. A voxel of 2×2× 2 cm3 was located mainly in right 
parietal region of the liver in all the subjects. First a layer selection 
gradient plus 90. Radio frequency pulse (RF), while followed by two 
layer selection gradient plus 180. RF reunion pulse. Three 
orthogonal vertical, reach the three-dimensional spatial orientation, 
the spin echo signal. Data acquisition during the breath hold to 
ensure that the constant of the scanning area of interest and reduce 
the impact of cardiac pulsatility. Liver tissue contains more water 
and fat, and the strongest signal of 1H-MRS detected are water and 
fat.  
 
 
Analysis of 1H-MR spectroscopy      
 
All the data was calibrated and calculated with spectroview of 

extended MR workspace 2.6.3.2． The peak value of lipid, peak 

value of water, area under the peak of lipid and lipid/water ratios of 
all patients were analyzed and the results of different groups were 
compared. 
 
 
Statistical analysis 
 
Age and baseline HCV RNA level were normally distributed and 
presented as mean and standard deviation. Differences in age and 
baseline HCV RNA levels between the two groups were tested with 
the independent two samples t-test. Child-Pugh scores were non-
normally distributed and presented as median and inter-quartile 
range (IQR). Differences in Child-Pugh scores between the two 
groups were tested with the non-parametric Mann-Whitney test. 
Other   categorical   variables   were   presented   as   number  and 
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percentage, and the associations with categorical variables versus 
treatment group were tested with the Fisher’s exact test. 
Statistically significant variables from the univariate analyses were 
used in the multivariate analysis. All statistical tests were two sided, 
and a p-value of less than 0.05 was considered statistically 
significant. All statistical analyses were performed using the SPSS 
19.0 software (SPSS Inc, Chicago, IL). 
 
 

RESULTS 
 

Patient demographics and baseline characteristics 
 

As shown in Table 1, 120 patients, who met the inclusion 
criteria, were enrolled. Among them, 90 patients had 
sufficient blood cell counts for anti-viral therapy. The 
remaining 30 patients, who refused anti-viral therapy, 
were placed in the control group. Patients in the treat-
ment group were significantly younger than those in 
control group (mean age 52.7 vs. 58.3 years, p < 0.001). 
There were also no significant differences between the 
two groups in baseline HCV RNA levels. In addition, 
baseline MELD scores were not significantly different 
between treatment and control groups (Table 1). Although 
baseline Child-Pugh scores, total bilirubin, and hepatic 
encephalopathy were not different between the two 
groups, significant differences in serum albumin, 
international normalized ratio (INR) for prothrombin time, 
and ascites were observed between the treatment and 
control groups (p = 0.002, p = 0.018, and p < 0.001, 
respectively). 
 
 

Comparison of the 1H MRS between before and after 
antiviral therapy  
 

Peak value of lipid, area under the peak of lipid, peak 
ratio of lipid/water and area ratio under the peak of 
lipid/water had statistical difference between baseline of 
control group and antiviral group: peak value of lipid: 
(0.39±0.18) vs (0.05±0.05); area under the peak of lipid: 
(26.01±17.08) vs (2.22±1.76); peak ratio of lipid/water: 
(0.42±0.17) vs (0.43±0.21); area ratio under the peak of 
lipid/water (0.58±0.25) vs (0.60±0.21), P<0.05. Peak 
value of lipid, area under the peak of lipid, peak ratio of 
lipid/water and area ratio under the peak of lipid/water 
also had statistical difference between baseline and after 
the start of therapy 6 months of antiviral therapy group: 
peak value of lipid: (0.28±0.11) VS(0.39±0.18); area 
under the peak of lipid: (21.53±13.28) vs (26.01±17.08); 
peak ratio of lipid/water: (0.14±0.13) vs (0.42±0.17); area 
ratio under the peak of lipid/water 

(0.24±0.12)VS(0.58±0.25)，P<0.05. (Table 2)  
 
 

Change of peak ratio of lipid/water and area ratio 
under the peak of lipid/water between baseline and 
after treatment of response group and non-response 
group 
 

69 patients responded to antiviral treatment with a
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Table 1. Patient demographics and baseline characteristics. 
 

Parameter  Treatment (n = 90) Control (n = 30) P-value 

Age (y) 52.7 ± 10.1 58.3 ± 12.5 < 0.001* 

Gender 
Male 36 (40.0%) 14 (46.7%) 0.451 

Female 54 (60.0%) 16 (53.3%)  

    

Baseline HCV RNA level (log10 copies/ml) 5.30 ± 1.18 5.23 ± 1.15 0.641 

Baseline MELD score 12.6 (9.8, 15.2) 12.5 (9.4, 15.8) 0.637 

Baseline Child-Pugh score 5.0 (4.0, 7.0) 5.0 (3.0,7.0) 0.791 

     

Total bilirubin (mg/dL) 

<2 9 (12.3%) 5 (15.0%) 

0.660 2-3 40 (43.8%) 12 (46.5%) 

>3 41 (43.8%) 13 (38.6%) 

     

Serum albumin (g/dL) 

>3.5 9 (10.8%) 3 (11.0%) 

0.002* 2.8-3.5 40 (42.3%) 19 (62.2%) 

<2.8 41 (46.9%) 8 (26.8%) 

     

Prothrombin time INR 

<1.7 26 (29.2%) 8 (29.1%) 

0.018* 1.7-2.3 50 (55.4%) 13 (41.7%) 

>2.3 14 (15.4%) 9 (29.1%) 

     

Hepatic encephalopathy None 90 (100.0%) 30 (100.0%) NA 

Ascites 
Absent 90 (100.0%) 26 (87.4%) 

<0.001* 
Easily controlled 0 (0.0%) 4 (12.6%) 

 

HCV, hepatitis C virus; MELD, model for end-stage liver disease; INR, international normalized ratio. *indicates a significant difference 
between two groups. Age and baseline HCV RNA level were normal distributed and presented by mean and standard deviation. Baseline 
Child-Pugh score was non-normal distributed and presented by median and inter-quartile range (IQR). Other category variables were 
presented by number and percentage. 

 
 
 
Table 2. 1H MRS parameters between the control and NAFLD group. 
 

 Parameter  
Peak value 

of Lip 
Area under the 

peak of lip 
Peak value of 

water 
Area under the 
peak of water 

Peak ratio of 

lipid／water 

Area ratio under the 

peak of lipid／water 

Control baseline 0.05±0.05 2.22±1.76 1.05±0.53 51.36±39.28 0.43±0.21 0.60±0.21 

       

control After the start of 
therapy 6month 

0.06±0.07 2.37±1.89 1.23±0.67 53.27±41.72 0.45±0.23 0.62±0.25 

       

Antiviral therapy group 
baseline 

0.39±0.18* 26.01±17.08* 0.96±0.54 69.84±30.50 0.42±0.17* 0.58±0.25* 

       

Antiviral therapy group After 
the start of therapy 6month 

0.28±0.11# 21.53±13.28# 0.89±0.47 62.47±27.08 0.14±0.13# 0.24±0.12# 

  

*Compared with control group, P＜0.05, *compared with antitherapy group baseline, P＜0.05. 

 
 
 
sustained viral response. In 54 of these patients, peak 
ratio of lipid/water and area ratio under the peak of 
lipid/water had decreased on 6 months follow-up MR 
spectroscopy; P<0.05. Figure 1 is the graph of a 
responder whose spectra changed after treatment, 

showing a decrease in peak (Figure 2) ratio of lipid/water 
and area ratio under the peak of lipid/water. 15 of the 21 
virologic non-responders had peak ratio of lipid/water and 
area ratio under the peak of lipid/water on follow-up 
imaging similar to the baseline values.  
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Figure 1. Change of peak ratio of lipid/water and area ratio under the peak of 
lipid/water between baseline and after treatment of response group. 

 
 
 
DISCUSSION 
 
It is estimated that approximately 3% of the global 
population has chronic infection with the hepatitis C virus 
(HCV) and that approximately 4 million persons are newly 
infected each year (Hoofnagle, 2002). In 55 to 85% of 

patients with infection develops into chronic liver disease, 
which in many cases remains asymptomatic. In approxi-
mately 20% of cases, fibrosis develops into cirrhosis, 
which leads to hepatocellular cancer in 5% of cases each 
year (Brook et al., 2010). Liver biopsy is the reference 
standard for staging and grading chronic liver disease,
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Figure 2. Change of peak ratio of lipid/water and area ratio under the peak of 
lipid/water between baseline and after treatment of nonresponse group. 

 
 
 
but this invasive procedure is not without risk. There is a 
small mortality rate but a high error rate, predominantly 
owing to under sampling, whereby typically less than 
1/50,000 of the liver volume is obtained for histologic 
evaluation (Ishak et al., 1995; Regev et al., 2002). As a 
result of the problems associated with biopsy, a steady 

drive to find an effective noninvasive method of eva-
luating liver damage has led to developments both in 
testing with serologic biomarkers of disease and in 
imaging. For ethical reasons and because most patients 
are unwilling to undergo repeated procedures, treatment 
algorithms in the United Kingdom rarely allow serial liver  

 

 



 
 
 
 

biopsy. The impetus to find a reliable and repeatable 
biomarker of disease activity and response to treatment 
thus has renewed focus (Cobbold et al., 2006).  

Magnetic resonance spectroscopy is a valuable tool for 
the non-invasive assessment of metabolic processes in 
vivo. Because of the presence of certain compounds form 
in the organization of the nucleus proton, these com-
pounds or metabolites would produce a certain chemical 
shift in certain chemical environment. Small changes in 
the magnetic resonance peak caused by these changes 
could be collected by magnetic resonance scanner and 
converted to numerical spectrum. Neuronal markers, 
membrane constituents, osmolytes and the energy status 
can be measured for the diagnosis of various diseases 
and therapeutic monitoring in humans (Ross and Bluml, 
2001). 1H magnetic resonance spectroscopy generates a 
spectrum of the various resonances of protons that are 
embedded in different chemical bonds. Because the 
protons are surrounded by various nuclei and electrons 
with their own magnetic properties, small magnetic field 
pertubations occur in a systematic manner, leading to 
slight differences in the received frequencies of protons in 
different chemical bonds. Thus, the chemical shift values 
occur essentially as a consequence of the variable 
electronegativity of adjacent chemical moieities in the 
molecule. The chemical shift scale describes the position 
of resonances in the spectrum in parts per million 
(p.p.m.), irrespective of the field strength, relative to a 
reference set at 0 p.p.m. The underlying frequency shift, 
however, measured in Hertz (Hz), is directly proportional 
to the strength of the magnetic field, for example 1 p.p.m. 
of the proton spectrum at 1.5 T refers to 64 Hz and at 3.0 
T to 128 Hz. Therefore, with higher magnetic fields the 
resonances are better separated. The frequency 
separation of the resonances or peaks describes the 
resolution of the spectrum. 

The clinical use of localized 1H magnetic resonance 
spectroscopy (1H MRS) in vivo first in the brain and then 
in the prostate has been well established and refined 
over the last two decades (Ross and Bluml, 2001; 
Michaelis et al., 1993; Cunningham et al., 2005; Hom et 
al., 2006). Single volume spectroscopy with stimulated 
echo acquisition mode or the point-resolved spectroscopy 
sequence (PRESS) technique is recommended, because 
of longer acquisition times and reduced SNR for multi-
voxel liver MRS with chemical shift imaging (Fischbach 
and Bruhn, 2008).  

The ratio of the fat peak (1.3 ppm) to the water peak 
(4.7 ppm) is a common definition of hepatic fat percen-
tage by 1H-MRS (Thomas et al., 2005). Using this defi-
nition, Thomas et al. (2005) reported on the relationship 
between body adiposity and steatosis in 11 NASH 
patients and measured hepatic fat percentages of up to 
75%. But clinical study by Longo et al. (1995), a proposal 
for the ([AUC total fat peaks/ AUC total peaks]) method 
for calculating hepatic fat content from 1H-MR spectra 
was  advocated. The same  method  was  applied  in  a 
large study by Szczepaniak et al. (1999), evaluating the 
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prevalence of hepatic steatosis in over 2300 participants 
of the Dallas Heart Study population.  

In this study, Philips Achieva 3.0 T TX scanner and 1H 
torso toil were used to get the signal. Localized single 
voxel point resolved spectroscopy (PRESS) BH was 
used. In this study, data was analysed by Philips Achieva 
3.0T spectroview of extended MR workspace 2.6.3.2, 
quantitative spectral analysis chemical shifts, the calcu-
lation Product of metabolite peak and the area below 
peak and so on. Peak value of lipid, area under the peak 
of lipid, peak ratio of lipid/water and area ratio under the 
peak of lipid/water had statistical difference between 
baseline of control group and antiviral group, and also 
between baseline and after the start of therapy 6 month 
of antiviral therapy group. It suggested that liver steatosis 
of chronic HCV steatosis was modified significantly by 
antiviral therapy, which is the same result of study of K. 
R. Reddy [Reddy, 2008 #3469].  

In short, 3. 0T 1 H-MRS may be an effective technology 
in assessing of lipid metabolism in chronic HCV. Use of 
MRS technology is based on triglycerides (TG) methylene 
chemical shift difference between TG accumulations in 
fine Cell sources for fatty liver quantitative determination 
of a new idea. However, the study samples are relatively 
small, pending further in-depth exploration. 
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