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Abstract \
Background: The aim of this study was to evaluate the diagnostic accuracy of magnetic resonance (MR) imaging-based methods |
for detecting steatosis and fibrosis in nonalcoholic fatty liver disease (NAFLD).

Methods: Data were extracted from research articles obtained after a literature search from multiple electronic databases.
Random-effects meta-analyses were performed to obtain overall effect size of the area of operator receiver curve (AUROC), sensitivity
and specificity of MR imaging, MR elastography, and MR spectroscopy in detecting or grading steatosis/fibrosis. Meta-analysis of
correlation coefficients was performed to have an overall effect size of correlation between MR-based diagnosis and histological
diagnosis.

Results: Twenty-one studies (1658 subjects; 45.32 years [95% Cl: 35.94, 54.71] of age, 53.67% [45.39, 61.95] males, and 29.98
kg/m? [21.93, 38.04] BMI) were included in the meta-analysis. Pooled analyses of the AUROC, specificity, and sensitivity values
reported in the individual studies revealed an overall effect sizes of 0.90 (0.88, 0.92), 82.27% (77.74, 86.80), and 86.94% (84.18,
95.28) in the use of any MR-based technique for the diagnosis of NAFLD or its severity. The correlation coefficient between MR-
based detection of liver steatosis and histologically measured steatosis was 0.748 (0.706, 0.789) (P < .00001).

Conclusion: MRI-based diagnostic methods are valuable additions in detecting NAFLD or determining the severity of the NAFLD.

Abbreviations: AUROC = area of operator receiver curve, MR = magnetic resonance, MRE = MR elastography, MRI = MR
imaging, MRS = MR spectroscopy, NAFLD = nonalcohalic fatty liver disease, NASH = nonalcoholic steatohepatitis, NHANES =

National Health and Nutrition Examination Survey.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized by fat
accumulation found in the liver of individuals with no excessive
alcohol consumption or other known pathologies.!") NAFLD is the
most common chronic liver disease of adults and children with a
strong potential for developing into a serious public health
problem.””! NAFLD represents a wide spectrum of liver damage,
ranging from simple steatosis (infiltration of fat into the liver) to
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steatohepatitis (hepatocellular inflammation and injury) and
advanced fibrosis (accumulation of fibrous connective tissue). These
conditions have the potential to progress to cirrhosis, portal
hypertension, terminal liver failure, and hepatocellular carcinoma.!!

NAFLD is thought to be linked to metabolic syndrome with
visceral obesity and type II diabetes being the 2 most important
associations.[*®! In patients with nonalcoholic steatohepatitis
(NASH), almost half of deaths are due to cardiovascular disease
and malignancy. Cirrhosis is the 3rd-leading cause of death in
patients with NAFLD and is likely to become the most common
indication for liver transplantation. Moreover, the morbidity
associated with NAFLD may also extend beyond the liver.”!

In United States, between 75 and 100 million individuals, or
30% of the population are affected by NAFLD, while NASH
affects approximately 5% of the population.””! In a National
Health and Nutrition Examination Survey III, unexplained
aminotransferase elevations (most likely due to NAFLD) were
found in 5.4% of the general population.’®! Similar prevalence
rates are also reported for Japanese!! and Italian™ ! populations.
In subjects recruited by random selection from the Chinese
government census database, NAFLD were found in 27.3% of
the general adult population.™!!

A number of methods are used for the diagnosis of NAFLD.
For the distinction of simple steatosis from NASH, liver biopsy is
still the gold standard not only for diagnosis, but also for the
assessment of fibrosis and to stage the disease. Liver histology is
also an accurate tool for therapeutic efficacy and prognosis of
NAFLD. However, several noninvasive imaging methods have
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been introduced or being developed for the detection and staging
of liver steatosis and fibrosis. Among these, ultrasound-based
transient elastography and shear wave elastography involve
acoustic force radiation imaging and supersonic imaging.
Magnetic resonance (MR)-based methods such as diffusion-
weighted MR imaging (MRI), dynamic contrast-enhanced MRI,
MR elastography (MRE), and MR spectroscopy (MRS) are also
useful for the detection or grading of hepatic steatosis and
fibrosis.!>'%!

Many authors have reported the diagnostic performance of
MR methods for detecting or grading liver steatosis and/or
fibrosis in NAFLD patients. In general, all have reported good
diagnostic accuracy of MRE, MRI, and MRS, but outcomes vary
across these studies. The aim of this study is to provide a
comprehensive analysis of the relevant statistical indices used to
assess the diagnosis accuracy evaluating the overall performance
of MR methods used to diagnose NAFLD.

2. Method

This study was performed by following the Cochrane Collaboration
guidelines for conducting systematic reviews and meta-analyses
and is reported in accordance with the PRSIMA statement.

2.1. Inclusion and exclusion criteria

The inclusion criteria for this review were studies that evaluated
the diagnostic performance of one or more MR method/s for
diagnosing steatosis or fibrosis in subjects with NAFLD or
suspected NAFLD and studies that reported area of operator
receiver curve (AUROC), specificity, and sensitivity values of the
diagnostic efficiency in NAFLD. Studies were excluded if they
utilized an MR method for liver fat detection but did not report
AUROC values, used an MR method to detect or measure fat of
an organ other than liver in NAFLD patients, or reported the
outcomes of both NAFLD and other patients with related
conditions without discrimination.

2.2. Literature search

Several electronic databases were searched including Embase,
Google Scholar, Ovid SP, and PubMed. The databases were
searched for the retrieval of research articles reporting the
outcomes of the diagnostic accuracy of one or more MR method/
s of detecting steatosis or fibrosis in subjects with suspected
NAFLD or in NAFLD patients. The literature search was based
on important keywords which were used in logical combinations.
These included “non-alcoholic fatty liver disease,” “NAFLD,
steatosis,” “fibrosis,” “fat,” “fat fraction,” “lipids,” “magnetic
resonance,” “MR imaging,” “MRL”> “MR elastography,”
“MRE,” “MR spectroscopy,” “MRS, proton spectroscopy,”
“H-MRS,” “proton-density fat fraction,” “area under operator
receiver curve,” “AUROC,” “specificity,” “sensitivity,” “true
positive,” “false positive,” “false negative,” “diagnosis,” and
“diagnostic accuracy.” Corroborations and cross references of
relevant research papers were also searched. The literature search
included research articles written in the English language and
published before October 2017.

»

2.3. Data extraction, synthesis, and statistical analysis

Data regarding the demographic, clinical, and pathological variables
of the participants, MR method/s, outcome measures, and outcomes
of the study were obtained from published research articles of
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respective studies. Extracted data were organized in specialized
datasheets. For achieving the pooled estimates of AUROC,
sensitivity, and specificity, meta-analyses were performed using a
random-effects model with Stata software (version 12; Stata
Corporation, College Station, TX). For each of the pooled analyses,
the overall effect size was a weighted average of the inverse variance
adjusted for individual effect sizes. Subgroup analyses were
performed with regards to MRI, MRE, and MRS methods or with
regards to diagnostic accuracy of detecting steatosis versus fibrosis.

For determining the strength of relationship between histolog-
ical measurement of steatosis and MR-based steatosis measure-
ment, meta-analysis of correlation coefficients (r) was performed
by using 7 values reported by individual studies. The r values
reported in each of the included studies were first converted into
Fisher z scores. Meta-analyses were performed under random-
effects model with Stata software. For each of the pooled analysis,
the overall effect size was a weighted average of the inverse
variance adjusted individual effect sizes (z scores). Significance of
relationship was tested by a z-test against zero-effect size. The
overall effect size achieved in the meta-analysis was then back-
transformed into correlation coefficients.

The random-effects model for meta-analyses was selected for 2
reasons. The first was the need for a pooling effect of the sizes
resulting from varying diagnosing techniques and clinical
conditions of steatosis and MRI discrimination cutoff used in
the individual studies. The 2nd reason the random-effects model
was chosen was due to the statistical heterogeneity of the
outcome data. Between-study inconsistency was tested by I
index. For the assessment of publication bias, funnel plot
symmetry test (Begg tests) was performed and trim and fill
method was used for the estimation of missing studies. All data
are presented as weighted effect sizes with 95% confidence
interval. Table 1 and Figs. S1-6, http://links.lww.com/MD/C226,
can be found in supporting information file.

3. Results

Twenty-one studies!'*3! were included in the meta-analysis

(Fig. 1). In these studies, one or more MR techniques to detect
steatosis or fibrosis were used for 1658 subjects. Important
characteristics of these studies are presented in Table 1. Age,
percentage of males, and body mass index of the subjects were
45.32 years (95% confidence interval: 35.94, 54.71), 53.67%
(45.39, 61.95), and 29.98kg/m> (21.93, 38.04). Begg test
indicated a significant publication bias (adjusted Kendall score:
29+11.18; P=.009) and fill and trim method identified 3
possible missing studies (Fig. 2).

Pooled analysis of the AUROC values reported in the
individual studies revealed an overall AUROC value of 0.90
(0.88, 0.92) (I*=76.2%) in the use of any MR technique (MRI,
MRE, or MRS) for the diagnosis of NAFLD or its severity
(Fig. 3). In the subgroup analysis, use of MRI had AUROC of
0.95 (0.93, 0.97) (I*=71.5%), whereas use of MRE and MRS
were associated with effect sizes of 0.89 (0.86, 0.91) (I>=61.2%)
and 0.88 (0.82, 0.93) (I*=0%), respectively.

Pooled analysis of the sensitivity of any MR technique (MRI,
MRE, or MRS) for the diagnosis of NAFLD or its severity
revealed an overall sensitivity of 82.27 (77.74, 86.80) (I*=99%;
Fig. S1, http://links.lww.com/MD/C226) in use. In the subgroup
analysis, the use of MRI had sensitivity of 90.78 (86.21, 95.34)
(I*=98%), whereas use of MRE and MRS were associated with
effect sizes of 77.29 (71.51, 83.03) (I>=99%) and 91.27 (89.85,
93.93) (I*=0%), respectively.


http://links.lww.com/MD/C226
http://links.lww.com/MD/C226

Wang et al. Medicine (2018) 97:21

www.md-journal.com

Important characteristics of the included studies.

Steatosis stage

Fibrosis stage

Study n Age, y Males, % BMI, kg/m’ S0 S1 S2 S3 FO F F2 F3 F4
Bastati 2014 81 55+13 56 285+45 0 44 14 23 26 36 10 9 0
Chen2011 58 51.5+13 17 383£75 15 3 5 6
Chen 2017 111 488+2.5 40+2 42 29 18 11 1
Cui 2015 102 51.3+14 41 31.7+55 4 36 39 31 48 26 9 13 6
Cui 2016 125 489+154 54 31.8+7 4 41 39 39 53 39 12 12 9
dAssignies 2009 20 53711 75 27.7+39

Hatta 2010 26 44.7+16.4 46 28.4+4.4 7 13 4 2 0
[dilman 2015 19 41.7+13.1 78.9 275433 2 5 5 7 12 6 1 0 0
Imajo 2016 142 57.5+14.6 57 28.1+4.63 0 59 59 24 14 51 32 34 11
Karlas 2014 65 55+10 385 29.2+4.4 15 18 20 12 15 32 2 3 2
Kim 2013 142 52.8+12.8 27 36.3+7.4 50 34 12 10 36
Loomba 2014 117 50.1+134 44 32445 0 41 43 33 43 39 13 12 10
Loomba 2016 100 50.2+13.6 3215

Middleton 2017 78 51+11 35 1 37 44 31

Pacifico 2007 50 10.5+3.25 2.48+0.72

Pacifico 2011 25 64 28.4+4.97 0 9 9 7 7 8 1 0
Park 2017 72 50.8+14.6 62.5 304+52 9 49 29 16 47 24 1 13 8
Permutt 2012 50 485+2.8 53 32+1.2 0 13 24 13

Smits 2016 24 56.3+9 70.8 28.2+3.6 2 4 5 7 4 2 9 1 2
Schwimmer 2015 174 144423 67.8 33+6 24 50 50 50 99 45 4 20 6
Tang 2013 77 14413 79.2 33.2+6 5 26 27 19 31 28 10 8 0

BMI=hody mass index.

Pooled analysis of the specificity values reported in the
individual studies revealed an overall specificity of 86.94
(84.18, 95.28) (I*=99%; Fig. S2, http:/links.lww.com/MD/
C226). In the subgroup analysis, the use of MRI had

specificity of 90.10 (85.81, 94.40) (I*=98%), whereas use
of MRE and MRS were associated with specificity of 86.40
(82.92, 89.89) (I*=99%) and 82.13 (68.99, 95.28) (=
91%), respectively.

Eligibility Screening } [ Identification ]

Included

Records identified through

database searching
(n=1234)

Additional records identified
through other sources

(n=137)

(n =1048)

Records after duplicates removed

v

Records screened
(n =1048)

Records excluded
(n=1012)

l

Full-text articles assessed
for eligibility
(n=36)

Full-text articles excluded,
with reasons
(n=15)

l

Studies included in
qualitative synthesis
(n=21)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=21)

Figure 1. A flowchart of study screening and selection process.
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Filled funnel plot with pseudo 95% confidence limits
15

Overall AUROC effect size

o

Figure 2. A funnel plot showing the outcomes of a publication bias test.

1
Standard error of the overall effect size of AUROC
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A meta-analysis of correlation coefficients between an MR
method of detecting liver steatosis and histologically measured
steatosis reported in individual studies revealed an overall effect
size of 0.748 (0.706, 0.789); (I*=12%; P<.00001; Fig. S3,
http:/links.lww.com/MD/C226).

4. Discussion

In the diagnosis of steatosis or fibrosis or their severities, MR methods
are found to have good diagnostic accuracy with an overall AUROC
of 0.90, sensitivity of 82%, and specificity of 87%. All 3 major MR
methods; the MRI, MRE, and MRS also exhibited good AUROC
(0.95, 0.89, and 0.88, respectively). Moreover, the correlation
coefficient between MR-based diagnosis of steatosis and histologi-
cally measured steatosis was significantly predictive (r=0.75).
Liver fibrosis and steatosis are the most usual targets of
noninvasive imaging tests for the assessment of NAFLD. MRI,

AUROC for MR techniques to diagnose NAFLD

Study

%
ES (95% CI) Weight  Discrimination

Magnetic resonance imaging
Bastati 2014

Cui 2015

dAssignies 2009

Idilman 2015

Middleton 2017

Middleton 2017

Pacifico 2011

Pacifico 2011

Pacifico 2011

Smits 2016

Tang 2013

Tang 2013

Tang 2013

Subtotal (l-squared =71.5%, p = 0.000)

Magnetic resonance elastography
Chen2011
Chen 2017
Chen 2017
Chen 2017
Chen 2017
Cui 2016

Cui 2016

Cui 2016

Cui 2016
Imajo 2016
Imajo 2016
Imajo 2016
Imajo 2016
Kim 2013
Loomba 2014
Loomba 2014
Loomba 2014
Loomba 2014
Loomba 2014
Loomba 2016
Loomba 2016
Park 2017
Park 2017
Park 2017
Park 2017
Park 2017
Subtotal (l-squared =61.2%, p = 0.000)

Magnetic resonance spectroscopy
dAssignies 2009

Idilman 2015

Karlas 2014

Karlas 2014

Karlas 2014

Subtotal (I-squared = 0.0%, p = 0.817)

Overall (l-squared = 76.3%, p = 0.000)

085 (0.75,0.81) 259 NASH from simple steatosis

96 (0.92,1.00) 3.97 2D MRI for advanced

99 (0.55, 1.00) 0.63 Steatosis from normal

88 (0.71,1.00) 1.27 0-1 from 2-3 steatosis
(0.91,0.98) 4.10 MRI-PDFF for 0-1 from 2-3 steatosis
(0.93,0.89) 4.26 MRI-PDFF for 0-2 from 3 steatosis
(0.98,1.00) 4.70 0 from 5% steatotic hepatocytes
(1.00,1.00) 0.00 0 from 33% steatotic hepatocytes
(1.00,1.00) 0.00 0 from 66% steatotic hepatocytes
(0.72,1.00) 1.34 NASH from simple steatosis
(0.97,1.00) 4.60 0 from 1-3 steatosis
(0.73,0.92) 230 0-1 from 2-3 steatosis
(0.81,0.98) 248 MRI-PDFF for 2 from 3 steatosis
0.95(0.93,0.97) 3223

0.93 (0.68,1.00) 1.10 NASH from simple steatosis
0.83(0.72,0.90) 2.31 FO from F1-4 fibrosis
0.93(0.85,0.97) 3.24 F0-1 from F2-3 fibrosis
92 (0.82,0.97) 274 FO-2 from F3-4 fibrosis
95 (0.85,0.99) 2.90 FO0-3 from F4 fibrosis
80(0.72,0.88) 271 FO from F1-4 fibrosis
0.88 (0.82,0.95) 295 F0-1 from F2-3 fibrosis
0.93 (0.86, 1.00) 2.95 FO0-2 from F3-4 fibrosis
0.88 (0.73,1.00) 1.40 FO0-3 from F4 fibrosis
0.80(0.71,0.89) 2.31 FO from F1-4 fibrosis
(0.85,0.84) 3.76 F0-1 from F2-3 fibrosis
B9 (0.83,0.95) 3.24 FO-2 from F3-4 fibrosis
97 (0.94,1.00) 4.26 FO0-3 from F4 fibrosis
(0.90,0.98) 3.99 FO-2 from F3-4 fibrosis
(0.67,1.00) 1.05 FO from F1-4 fibrosis
0.86 (0.69,1.00) 1.14 FO-1 from F2-3 fibrosis
0.92(0.75,1.00) 156 F0-2 from F3-4 fibrosis
0.89 (0.72,1.00) 1.35 F0-3 from F4 fibrosis
0.73(0.58,0.89) 1.15 NASH from simple steatosis
0.92(0.73,1.00) 1.42 2D MRI for FO-2 from F3-4 fibrosis
0.93 (0.74,1.00) 1.49 3D MRE for FO-2 from F3-4 fibrosis
0.82(0.74,0.81) 245 FO from F1-4 fibrosis
0.89 (0.83,0.96) 3.07 F0-1 from F2-3 fibrosis
0.87 (0.78,0.96) 2.31 F0-2 from F3-4 fibrosis
0.87 (0.71,1.00) 1.27 FO-3 from F4 fibrosis grades
0.70 (0.57,0.82) 1.56 NASH from simple steatosis
0.89 (0.86,0.91) 59.69

1.00 (0.56, 1.00) 0.65 Steatosis from normal
0.86 (0.68, 1.00) 1.10 0-1 from 2-3 steatosis
0.88 (0.78,0.99) 1.95 S0 from S1-3 steatosis
0.88(0.79,097) 231 50-1 from S2-3 steatosis
0.85(0.75,0.85) 2.06 50-2 from S3 steatosis
0.88 (0.82,0.93) 8.07

? 0.90 (0.88,0.92) 100.00

NOTE: Weights are from random effects analysis

-1

0

Figure 3. A forest chart showing the overall and subgroup wise effect size of the area of operator receiver curve (AUROC) values obtained by the pooling of effect

sizes reported in the individual studies.
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MRE, and MRS accurately diagnose fibrosis and steatosis in
NAFLD patients.?”! MR-based methods are now increasingly
used for NAFLD diagnosis. Unlike sonographic methods which
are operator-dependent, MRI is easier to interpret and have no
interobserver variation constraints.>” MRE is a valuable tool for
differentiating NAFLD from NASH and unlike conventional
transient elastography, works well with obese subjects.**! MRS
is an accurate and faster method of detecting liver fat and allows
detailed examination of areas of interest. However, MRS is
expensive and may not be routinely available.!**! Chemical shift-
based MRI techniques such as proton density fat fraction-MRS
can provide high-resolution 3-dimensional imaging. These
techniques have shorter acquisition time and measure fat content
in whole liver.[**3”! Diffusion-weighted MRI, which is based on
the random motion of water protons, is a valuable technique to
measure tissue microstructure. Clinically, diffusion-weighted
MRI is used in the assessment of diffuse diseases, including the
diagnosis of diffuse liver disease and for grading of hepatic
fibrosis.!*®!

In pediatric populations, NAFLD tends to develop in obese
children, even though many remain asymptomatic. This makes it
difficult to recognize NAFLD in children, except in those with
hepatomegaly.”*”! Liver biopsy is not frequently performed in
children and NAFLD cannot be predicted by clinical and/or
anthropometrical findings, although there is good correlation
between the degree of liver fatty infiltration and elevation of liver
enzymes."*”! A study using histopathologic validation has shown
that the modified T1-weighted dual-echo MRI method provides
high diagnostic and fat-grading accuracy in obese children with
NAFLD."**!

McPherson et al*! have reported the accuracy of the MRI
techniques was lower in patients with moderate to severe fibrosis,
although the diagnostic accuracy was better with MRS. Idilman
et al'** have also found the estimation of liver fat content by both
proton density fat fraction MRI and MRS methods was better in
patients without fibrosis in the liver. However, in the present
study no differences could be noted in the effect sizes achieved in
the meta-analysis (AUROC 0.91 [0.88, 0.94] for detecting
steatosis vs 0.90 [0.88, 0.92] for detecting fibrosis; sensitivity
68.96 [68.61, 69.30] steatosis vs 77.24 [77.06, 77.42] fibrosis;
and specificity 84.31 [83.93, 84.70] vs 87.19 [87.00, 87.38]
fibrosis) (Figs. S4-6, http:/links.lww.com/MD/C226). The
correlation between an MR method of steatosis detection and
histological hepatic steatosis may be complicated in patients with
advanced liver fibrosis due to the reduced number of hepatocytes
volume found in highly fibrotic liver. This leads to an apparent
reduction in liver fat. In this scenario, it will be important to
consider fibrosis stage while measuring steatosis especially in
patients with chronic liver disease. Also, an assessment of liver
fibrosis and steatosis concomitantly by MRI may overcome this
constraint.!*!!

Earlier identification of patients with NAFLD especially with
NASH may improve the prognosis and patient outcomes through
intervention or transplantation for decompensated cirrhosis.!”’
Although identification of NASH in NAFLD patients will require
liver biopsy, MRI methods to detect advanced fibrosis are
increasingly reliable. MR-based techniques can measure liver fat
most directly and accurately. Compared to signal fat-fraction, the
proton density fat-fraction provides an unconfounded measure-
ment of liver fat. Developing advanced MRI techniques such as
those involving proton density fat-fraction also have high
potential for accurate detection and quantification of hepatic

www.md-journal.com

steatosis, although, these techniques are subject to further
technical refinement and validation.!*?!

5. Conclusion

In this meta-analytical review, MRI and spectroscopic techniques
are found to have good diagnostic accuracy with an overall
AUROC of 0.90, sensitivity of 82%, and specificity of 87% in
diagnosing or grading steatosis and/or fibrosis. All 3 major
methods, the MRI, MRE, and MRS exhibited good AUROC
(0.95, 0.89, and 0.88, respectively). Moreover, limited data
suggested that there was a strong correlation between MR-based
diagnosis and histologically measured steatosis, although more
correlative data will be required to determine conclusive
evidence.
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