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Abstract 
Non-alcoholic fatty liver disease (NAFLD) is one of the most common conditions worldwide that targets the liver parenchyma. NAFLD 
represents an intrahepatic triglyceride accumulation in the absence of excessive alcohol consumption and other diseases that affect the liver 
parenchyma. The current “gold standard” for evaluating the amount of intrahepatic fat is represented by liver biopsy, but many patients are 
reluctant and hardly accept undergoing this procedure due to its invasive nature. The current study addresses this aspect by evaluating the 
reliability of liver magnetic resonance spectroscopy (MRS) in diagnosing NAFLD, compared to the traditional invasive liver biopsy. The 
present study included a total of 38 patients based on several well-defined inclusion and exclusion criteria. We used the same NAFLD 
grading system for both liver MRS and liver biopsy: grade 0: <5% hepatocytes are affected; grade I: 5–33% hepatocytes are affected; 
grade II: 34–66% hepatocytes are affected; grade III: >66% hepatocytes are affected. Regarding the NAFLD grade, over three-quarters of 
patients were classified as grade I and grade II, with a strong predilection for men. The current results indicated a significant association 
between the NAFLD grade indicated by liver MRS and the NAFLD grade indicated by liver biopsy. At the end of our study, we recommend 
using liver MRS for evaluating and grading NAFLD in association with other parameters like serum triglycerides and body mass index 
grade as this protocol can enhance early detection and provide an accurate grading that will lead to a proper management of this disease. 

Keywords: non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, liver biopsy, magnetic resonance spectroscopy, body 
mass index, serum triglycerides. 

 Introduction 
Non-alcoholic fatty liver disease (NAFLD) is one of 

the most common diseases worldwide that targets the 
liver parenchyma. NAFLD is defined by the intrahepatic 
triglyceride accumulation in the absence of immoderate 
alcohol consumption (most of today’s guidelines recommend 
setting the threshold for alcohol intake to 20 g/day for 
women and 30 g/day for men) and other causes of liver 
damage (viral hepatitis, intrahepatic cholangiocarcinoma, 
Cushing’s disease, biliary tract obstruction with superjacent 
cholestatic changes of the liver parenchyma, hemochro-
matosis, Wilson’s disease, drug intake – Amiodarone, 
Methotrexate, corticosteroids) [1–7]. Non-alcoholic fatty 
liver (NAFL), or often referred to as simple steatosis, 
occurs early in the evolution of NAFLD and involves a 
hepatocellular lipid accumulation that exceeds 5% with no 
signs of hepatic parenchyma inflammation. As the disease 
progresses, non-alcoholic steatohepatitis (NASH) may 
develop in the presence of liver parenchyma inflammation 
[suggested by the elevated liver blood tests alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST)] and excessive triglyceride accumulation inside the 
hepatocytes. Given the chronic liver damage, this condition 

can progress even further towards liver fibrosis and 
cirrhosis that are associated with an increased risk of 
developing hepatocellular carcinoma [8–11]. 

Regarding the medical imaging techniques capable to 
detect the presence of intrahepatic fat, several methods 
have proven their utility: ultrasonography (US), computed 
tomography (CT) and magnetic resonance imaging (MRI). 
However, performing a quantitative assessment of the 
intrahepatic lipid content using the previously mentioned 
medical imaging techniques is difficult. The current “gold 
standard” for evaluating the amount of intrahepatic fat is 
represented by liver biopsy, but many patients are reluctant 
and sometimes hardly accept undergoing this procedure 
due to its extremely invasive nature. NAFLD is currently 
an underdiagnosed and underestimated condition worldwide 
mainly due to the lack of a simple, non-invasive diagnostic 
tool [12–15]. 

Aim 

The current study addresses this aspect by evaluating 
the reliability of liver magnetic resonance spectroscopy 
(MRS) in diagnosing NAFLD compared to the traditional 
invasive liver biopsy. 
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 Patients, Materials and Methods 
The present study received the local Ethics Committee 

approval. All patients freely expressed their consent to 
take part in this study after being presented with a 
standardized form and understood all key elements of 
the research. 

Between 2017 and 2019, we included 38 patients in 
the study. Initially, all patients underwent a liver MRS 

in the Department of Medical Imaging, University of 
Medicine and Pharmacy of Craiova, Romania, in order 
to quantitatively assess the fat fraction (FF) in the right 
hepatic lobe using multiple regions of interest (ROIs). The 
selection of ROIs in the right hepatic lobe was performed 
carefully and involved targeting areas that did not include 
the edge of the liver, bile ducts or vessels inside the liver 
parenchyma (Figure 1). 
 

 

 
Figure 1 – (A–C) The figure illustrates how the ROI inside the liver parenchyma was selected on MRS. ROI: Region 
of interest; MRS: Magnetic resonance spectroscopy. 

 

The MRS examinations were performed on a Philips 
Ingenia 3T machine. Subsequently, the next step of the 
protocol that we used involved obtaining multiple tissue 
samples from the parenchyma of the right hepatic lobe 
in order to perform a quantitative evaluation of the liver 
fat content using the current “gold standard”. The tissue 
samples were obtained in one to 14 days after the liver 
MRS examination in the Department of General Surgery, 
Emergency County Hospital of Craiova. The Hematoxylin–
Eosin (HE) slides that were obtained from the tissue samples 
were scanned in the Research Center for Microscopic 
Morphology and Immunology, University of Medicine 
and Pharmacy of Craiova, with a 10× objective utilizing 
a Nikon 90i microscope equipped with a Prior ES111 
OptiScan motorized stage, a Nikon DS-Ri2 complementary 
metal–oxide–semiconductor (CMOS) 16 Mp color camera 
and the Nikon NIS-Elements Advanced Research imaging 
and control software. 

The patient inclusion criteria comprised the following: 
patient’s consent to take part in the study, age between 20–
70 years, diffuse distribution of intrahepatic fat previously 
detected through abdominal US or CT, no alcohol 
consumption (or lower than the currently recommended 
threshold – 20 g/day for women and 30 g/day for men), 
no other identifiable causes of liver damage (viral hepatitis, 
intrahepatic cholangiocarcinoma, Cushing’s disease, biliary 
tract obstruction with superjacent cholestatic changes of 
the liver parenchyma, hemochromatosis, Wilson’s disease 
or certain drug intake – Amiodarone, Methotrexate, 
corticosteroids), no identifiable contraindications for liver 
biopsy. The patient exclusion criteria included the following: 
patient’s refusal to take part in the study, age <20 years or 
>70 years, focal distribution or absence of intrahepatic fat 
previously confirmed through abdominal US or CT, alcohol 
consumption that exceeds the currently recommended 
threshold – 20 g/day for women and 30 g/day for men, 
presence of other causes of liver damage (viral hepatitis, 
intrahepatic cholangiocarcinoma, Cushing’s disease, biliary 

tract obstruction with superjacent cholestatic changes of 
the liver parenchyma, hemochromatosis, Wilson’s disease 
or certain drug intake – Amiodarone, Methotrexate, 
corticosteroids), presence of contraindications for liver 
biopsy. 

We used the same NAFLD grading system for both 
liver MRS and liver biopsy: grade 0: <5% hepatocytes 
are affected; grade I: 5–33% hepatocytes are affected; 
grade II: 34–66% hepatocytes are affected; grade III: 
>66% hepatocytes are affected. 

The body mass index (BMI) grading system that we 
used in the present study included the following: normal: 
18.5–24.9 kg/m2; overweight: 25–29.9 kg/m2; obesity 
grade I: 30–34.9 kg/m2; grade II: 35–39.9 kg/m2; grade III: 
≥ 40 kg/m2. 

Several parameters were of interest when evaluating 
the entire group of patients included in the study: age, 
gender, FF indicated by liver biopsy, NAFLD grade 
indicated by liver biopsy, FF indicated by MRS, NAFLD 
grade indicated by MRS, serum triglycerides, total serum 
cholesterol, serum ALT, serum AST, serum glucose, 
presence/absence of diabetes mellitus, BMI and BMI 
grade. 

The statistical processing of the entire data acquired 
from the patients included in the study was performed 
with the help of Excel 2016 (developed by Microsoft) 
and Statistical Package for the Social Sciences (SPSS) 
Statistics version 20 (developed by IBM). In the current 
study, p-values lower than 0.05 indicated a statistically 
significant association between the investigated parameters. 
Continuous data was expressed as mean ± standard 
deviation (SD). 

 Results 
Patient demographics 

The present study included 38 patients (25 men, 13 
women). 
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The age ranged between 32 years and 69 years in the 
entire population of the study group, with a mean ± SD 
of 51.81±10.35 years. In men, the age varied between 
32 years and 65 years (50.4±9.85 years), while in women 
ages were between 37 and 69 years (54.53±11.14 years). 

If all patients included in the study group are taken 
into account, the FF indicated by liver biopsy ranged 
between 2% and 64% (31.23±18.43%). Among men, the 
FF indicated by liver biopsy ranged recorded a minimum 
value of 2%, a maximum of 64% (29.24±16.79%), while 
among women the FF indicated by liver biopsy ranged 
between 2% and 64%, with a mean ± SD value of 35.07± 
21.44%. 

The FF indicated by liver MRS varied between 3% and 
63% in the entire study group (31.78±18.53%). In men, 
the FF indicated by liver MRS recorded a minimum value 
of 3% and a maximum value of 62%, with a mean ± SD 
value of 29.88±17.12%, while in women the FF indicated 
by liver MRS ranged between 4% and 63% (35.46±21.21%). 

According to both liver MRS and liver biopsy, all 
the patients included in the study were categorized into 
the following grades: grade 0: five patients (three men, 
two women) (Figure 2); grade I: 17 patients (12 men, 
five women) (Figure 3); grade II: 16 patients (10 men, 
six women) (Figure 4); grade III: 0 patients (Figure 5). 

The serum triglycerides varied between 150 mg/dL 
and 347 mg/dL in the study group (239.36±62.52 mg/dL). 
The serum triglycerides ranged between 150 mg/dL and 
343 mg/dL among men (233.92±60.08 mg/dL), while 
among women the serum triglycerides ranged between 
157 mg/dL and 347 mg/dL (249.84±68.2 mg/dL). 

The total serum cholesterol values ranged between 
170 mg/dL and 412 mg/dL in the study group (255.47± 
63.66 mg/dL). We found total serum cholesterol between 
170 mg/dL and 367 mg/dL in men, with a mean ± SD value 
of 254.08±60.41 mg/dL, while in women the total serum 
cholesterol varied between 178 mg/dL and 412 mg/dL 
(258.15±72.01 mg/dL). 

The serum ALT values recorded in the study group 
presented a minimum value of 26 U/L, a maximum value 
of 82 U/L and a mean ± SD value of 47.21±16.73 U/L. 
Among men, the serum ALT varied between 26 U/L and 
82 U/L (46.8±16.92 U/L), while among women between 
28 U/L and 75 U/L (48±17.01 U/L). 

In the study group, the serum AST values ranged 
between 24 U/L and 69 U/L (40.39±13.50 U/L). In men, 
the minimum serum AST value was 25 U/L, while the 
maximum value of this parameter was 69 U/L, recording 
a mean ± SD value of 40.04±13.27 U/L. In women, the 
serum AST values ranged between 24 U/L and 61 U/L 
(41.07±14.45 U/L). 

From our 38 patients, 16 patients (11 men and five 
women) also had type 2 diabetes mellitus. The serum 
glucose values recorded in the study group varied between 
81 mg/dL and 205 mg/dL and presented a mean ± SD 
value of 118.36±34.86 mg/dL. The minimum serum glucose 
value obtained in male subjects was 87 mg/dL, while the 
maximum value was 205 mg/dL, recording a mean ± SD 
value of 120.16±35.98 mg/dL. The serum glucose values 
recorded in women ranged between 81 mg/dL and 195 mg/dL 
(114.92±33.74 mg/dL). 

 

 

 
Figure 2 – The HE stained slides (A–D, ×100) indicated generalized periportal and centrolobular stasis and the 
presence of panlobular steatosis in less than 5% of hepatocytes corresponding to grade 0 NAFLD. HE: Hematoxylin–
Eosin; NAFLD: Non-alcoholic fatty liver disease. 
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Figure 3 – The HE stained slides (A–D, ×100) indicated the presence of stasis, moderate fibrosis in the periportal space 
and steatosis in 5–33% of hepatocytes corresponding to grade I NAFLD. HE: Hematoxylin–Eosin; NAFLD: Non-alcoholic 
fatty liver disease. 

 

 
Figure 4 – The HE stained slides (A and B, ×100) indicated the presence of stasis, moderate fibrosis in the periportal 
space and steatosis in 34–66% of hepatocytes corresponding to grade II NAFLD. HE: Hematoxylin–Eosin; NAFLD: 
Non-alcoholic fatty liver disease. 

 
The BMI of all subjects included in the current study 

varied between 23 kg/m2 and 44 kg/m2 and presented a 
mean ± SD value of 32.57±5.65 kg/m2. Among men, the 
BMI presented a minimum value of 24 kg/m2 and a 
maximum value of 44 kg/m2 (32.32±5.52 kg/m2). Among 
women, the BMI ranged between 23 kg/m2 and 43 kg/m2 
(33.07±6.08 kg/m2). 

According to the BMI grading system, all patients 
included in the study group were classified as presented in 
Table 1. The variability of all the investigated parameters 
between NAFLD grades is represented in Table 2. 

Table 1 – Patient classification based on the BMI 
grade 

BMI grade Men Women Total 

Normal 1 2 3 

Overweight 8 1 9 

I 5 3 8 

II 9 6 15 

III 2 1 3 

BMI: Body mass index. 
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Figure 5 – Liver MRS aspect of various degrees of NAFLD: (A) Grade 0 – fat content in less than 5% of hepatocytes; 
(B) Grade I – fat content in 5–33% of hepatocytes; (C) Grade II – fat content in 34–66% of hepatocytes. MRS: Magnetic 
resonance spectroscopy; NAFLD: Non-alcoholic fatty liver disease. 
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Table 2 – Mean values ± SD of all the investigated 
parameters in the study based on the NAFLD group 

Parameter  
(mean value ± SD) 

Grade 0 Grade I Grade II 

Age  
[years] 

T 59±6.2 45.7±8.57 56.06±9.85 

M 57.33±3.21 46.58±9.6 52.9±10.08 

W 61.5±10.6 43.6±5.68 61.33±7.42 

FF indicated 
by liver 

biopsy [%] 

T 3±1 22.88±7.12 48.93±10.25 

M 3±1 22.25±6.86 45.5±10.27 

W 3±1.41 24.4±8.32 54.66±7.89 

FF indicated 
by liver  

MRS [%] 

T 3.6±0.54 23±6.95 49.93±9.58 

M 3.33±0.57 22.41±6.84 46.8±9.87 

W 4±0 24.4±7.82 55.16±6.88 

Serum 
triglycerides 

[mg/dL] 

T 155.2±3.96 210.47±43.09 296.37±29.72 

M 152.66±2.51 210.41±48.23 286.5±27.8 

W 159±1.41 210.6±32.08 312.83±27.17 

Total serum 
cholesterol 

[mg/dL] 

T 265.8±29.54 255.35±75.57 252.37±60.23 

M 257.33±38.42 242.91±65.76 266.5±61.47 

W 278.5±0.7 285.2±96.81 228.83±54.95 

Serum  
ALT  
[U/L] 

T 31.6±2.6 49.05±15.38 50.12±18.51 

M 32.66±2.3 46.91±15.35 50.9±19.73 

W 30±2.82 54.2±15.84 48.83±17.98 

Serum  
AST  
[U/L] 

T 29±2.34 41.47±11.97 42.81±15.62 

M 30.33±2.08 39.25±11.74 43.9±15.84 

W 27±0 46.8±12 41±16.56 

Serum 
glucose 
[mg/dL] 

T 99.6±3.04 111.41±36.23 131.62±35.15 

M 98.66±3.78 116.25±39.43 131.3±35.16 

W 101±1.41 99.8±27.1 132.16±38.49 

BMI  
[kg/m2] 

T 25.2±2.38 32±4.96 35.5±4.83 

M 26.33±2.51 31.58±4.83 35±5.53 

W 23.5±0.7 33±5.7 36.33±3.66 

SD: Standard deviation; NAFLD: Non-alcoholic fatty liver disease; FF: 
Fat fraction; MRS: Magnetic resonance spectroscopy; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass 
index; T: Total (men and women); M: Men; W: Women. 

Using One-Way Analysis of Variance (ANOVA) test 
in IBM SPSS Statistics version 20 to process the results 
obtained in this study revealed significant associations 
from a statistical standpoint between: (i) the NAFLD 
grade indicated by liver biopsy and the NAFLD grade 
indicated by MRS (p<0.001); (ii) the NAFLD grade (liver 
biopsy/MRS) and serum triglycerides (p<0.001); (iii) the 
NAFLD grade (liver biopsy/MRS) and the BMI value 
(p<0.001). On the other hand, the results of our study 
indicated no statistically significant associations between: 
(i) the NAFLD grade (liver biopsy/MRS) and total serum 
cholesterol (p=0.461); (ii) the NAFLD grade (liver biopsy/ 
MRS) and serum ALT (p=0.43); (iii) the NAFLD grade 
(liver biopsy/MRS) and serum AST (p=0.346). 

 Discussions 
In our study group, NAFLD was more common in men 

and affected them nearly twice more often than women. 
Another aspect worth mentioning is represented by the 
slightly increased mean age of women compared to men. 
Regarding the NAFLD grade, over three-quarters of 
patients were classified as grade I and grade II, with a 

strong predilection for men in all groups. Both liver 
biopsy and liver MRS revealed a higher mean value of 
FF in women compared to men. Regarding the serum 
triglycerides, there was a slightly increased mean value in 
women compared to men and contributed to the evaluation 
of the NAFLD grade alongside other diagnostic tools. 
On the other hand, total serum cholesterol did not seem 
to offer the same benefits as the results of the study 
indicated no statistically significant association between 
the NAFLD grade and the total serum cholesterol. Another 
important aspect is represented by the statistically signi-
ficant association between the NAFLD grade and the 
BMI value, which can result in an increased utility of the 
BMI value in grading NAFLD alongside the value of serum 
triglycerides and liver MRS. Last but certainly not least, 
the current results indicated a significant association 
between the NAFLD grade indicated by liver MRS and 
the NAFLD grade indicated by liver biopsy. Regarding 
the ALT and AST liver enzymes, the data provided by the 
present study indicated a non-specific high variability of 
these two parameters between patients with different 
NAFLD grades. 

All patients diagnosed with grade 0 of NAFLD 
presented the highest values regarding the mean age. Also, 
if referring only to women, the mean age was similar 
between patients diagnosed with grade 0 of NAFLD and 
grade II of NAFLD, but significantly higher when 
compared to the mean age of women diagnosed with 
grade I of NAFLD. The mean FF indicated by both liver 
biopsy and liver MRS revolved around 3% in patients with 
NAFLD grade 0, around 22% in patients with NAFLD 
grade I and around 46% in patients with NAFLD grade II. 
The results of the study indicated an increased mean 
value of serum triglycerides as the grade of NAFLD also 
increased. However, this rule did not apply to the mean 
values of total serum cholesterol. The mean values of 
serum ALT and AST recorded a significant increase in 
patients with grade I of NAFLD when compared to 
patients with grade 0 of NAFLD. However, there were 
no significant differences regarding the mean serum ALT 
and AST values between patients diagnosed with NAFLD 
grade I and grade II. It seemed that this rule only applied 
to the male subjects included in the study. Our study 
indicated an increased mean value of serum glucose as the 
grade of NAFLD also increased. However, it seemed 
that this rule was valid only in male subjects. The results 
provided by the current study highlighted an increased 
mean value of BMI as the NAFLD grade also increased. 
This seemed to apply to both male and female subjects. 

The currently available literature data considers NAFLD 
to be the manifestation of the metabolic syndrome at 
hepatocellular level and is estimated to affect up to one-
third of the general population worldwide with several 
regional differences. Regarding the gender distribution 
of this disease, some of the most recently published studies 
provide contradictory results [16–19]. Summart et al. 
presented the NAFLD prevalence values for each 
gender in one of the most recent studies conducted in 
Thailand. The study group included over 34 000 subjects, 
out of which 27 073 were women and 7636 were men. 
The prevalence of NAFLD recorded in women reached 
values of 22.9%, while in men it revolved around 18.3%. 
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The highest difference in prevalence between genders 
was recorded in the 56–60 years age group [19]. The 
prevalence of NAFLD was also studied by Amarapurkar 
et al. and published the final results of their research in 
2007. Their study included over 1150 Asian patients. Some 
of the most relevant exclusion criteria encountered in this 
study included: excessive alcohol consumption, presence 
of hepatitis B surface antigen, presence of viral hepatitis C 
antibodies, presence of other liver diseases, hepatotoxic 
drug intake. According to the results of this study, the 
prevalence of NAFLD was higher in men (24.6%) 
compared to women (13.6%) [20]. In 2017, Ballestri et al. 
published a review [21] which confirmed the increased 
prevalence of NAFLD in men compared to women. 
Moreover, the authors indicated that the prevalence values 
of NAFLD start to increase from young adulthood up until 
approximately 50–60 years old, when it starts to decline. 
In women, the prevalence of NAFLD is reduced below 
50 years old and reaches the maximum value in the 60–
69 years interval. After 70 years old, the prevalence of 
NAFLD is low in both genders [22–24]. 

The reliability of liver MRS in grading NAFLD 
compared to liver biopsy is also suggested by Tang et al. 
in an original paper that was published in 2013. The 
aforementioned study included 77 patients with NAFLD 
who underwent both liver biopsy and liver MRS. The 
results indicated a significant correlation between the 
NAFLD grade indicated by liver MRS and the NAFLD 
grade indicated by liver biopsy [24]. The importance  
of liver MRS in staging NAFLD is also indicated by 
Georgoff et al. in a study that was published in 2012 
and included a total of 52 subjects that underwent liver 
MRS and liver biopsy. At the end of the study, the 
authors concluded that liver MRS is a powerful and 
effective non-invasive tool that can quantitatively assess 
NAFLD [14]. 

One study that was published in 2018 by Li et al. 
indicated that serum levels of ALT and AST liver enzymes 
may not necessarily be elevated in all patients with 
NAFLD [5]. A systematic review published in 2015 by 
Rinella [25] indicated that patients with an advanced stage 
of NAFLD usually have normal ALT levels. Moreover, 
elevated liver enzymes (ALT>AST) might indicate 
inflammation inside the liver parenchyma in patients 
with NASH [26–28]. In 2003, Mofrad et al. presented 
the results of their study, which included two different 
groups of patients. The first group consisted of 51 patients 
with NAFLD who presented normal serum values of ALT. 
The second group included 50 subjects with NAFLD who 
presented elevated serum values of ALT. The two study 
groups were similar regarding gender, ethnicity and age 
distribution. The authors concluded that the entire arsenal 
of histopathological changes can be highlighted in both 
groups regardless of the serum ALT values [27]. 

In 2014, Abangah et al. presented the results of an 
Iranian study that included a total of 213 patients (140 
men and 73 women). The authors of the study highlighted 
a statistically significant association between the severity 
of hepatic steatosis described by US and the BMI values. 
Also, the results of the study indicated the presence of 
another statistically significant association between the 
severity of hepatic steatosis described by US and the 

serum values of triglycerides. Some other parameters like 
ALT, AST, total serum cholesterol, serum glucose were 
investigated, but the results provided by the authors did 
not indicate any significant association between the 
severity of hepatic steatosis described by US and these 
parameters [28]. 

The main limitation of our study is represented by 
the extremely invasive nature of the liver biopsy that 
determined several potential subjects to avoid undergoing 
this procedure, thus resulting in a somewhat reduced 
number of patients but still enough in our opinion to 
reveal the true potential of liver MRS in grading NAFLD. 

Based on the results of the current study, we highly 
recommend using liver MRS as a quantitative assessment 
tool for NAFLD as it can result in a higher degree  
of acceptance among patients due to its non-invasive 
character. Moreover, this aspect will lead to an earlier 
diagnosis of NAFLD that can benefit from multiple 
therapeutic options due to a reduced chronic liver damage. 

 Conclusions 
We recommend using liver MRS for evaluating and 

grading NAFLD in association with other parameters like 
serum triglycerides and BMI, as this protocol can enhance 
early detection and provide an accurate grading that will 
lead to a proper management of this disease. 
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