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Abstract: Objectives: Magnetic resonance imaging-proton density fat fraction (MRI-PDFF) is an imaging technique 
which is used to estimate liver steatosis. We performed a meta-analysis to assess the diagnostic accuracy of MRI-
PDFF in quantifying liver steatosis, with histopathology as the reference standard. Methods: We searched PubMed, 
Medline, Embase and Cochrane databases and divided the steatosis grades of biopsies into four grade (grade 0, 
0-5%; grade 1, 5%-33%; grade 2, 33%-66%; grade 3, >66%). Area under receiver operating characteristic curves 
(AUC of SROC), sensitivity, specificity, positive and negative likelihood ratio (LR+ and LR-), and diagnostic odds ratio 
(DOR) were calculated. Results: We included 11 studies with 653 eligible patients undergoing both liver biopsy and 
MRI-PDFF. There are only sufficient data for grade 0 and grade 2 estimation. For grade 0 sensitivity, specificity and 
AUC of SROC were 0.91 (0.87, 0.94), 0.88 (0.82, 0.92), and 0.9594 (SE = 0.0139), respectively. For grade 2 sensi-
tivity, specificity and AUC of SROC were 0.79 (0.72, 0.85), 0.88 (0.82, 0.92) and 0.9298 (SE = 0.0195), respectively. 
Conclusions: Our meta-analysis shows that MRI-PDFF technique has high accuracy in diagnosing and quantifying 
liver steatosis, and may provide a clear, accessible, and accurate quantification of liver fat content. 
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Introduction

Liver steatosis is increasing rapidly worldwide, 
largely as a result of its association with obesity 
and insulin resistance in non-alcoholic fatty 
liver disease (NAFLD) [1-3]. Liver steatosis is 
defined pathologically as abnormal and exces-
sive intracellular accumulation of fat, primarily 
as triglycerides, in hepatocytes [4]. The clinical 
manifestation of liver steatosis ranges from 
non-alcoholic fatty liver disease (NAFLD) to 
non-alcoholic steatohepatitis (NASH). The lat-
ter condition can progress into fatty liver cirrho-
sis and hepatocellular carcinoma [4, 5]. Hepatic 
steatosis is also associated with alcoholic liver 
disease, viral hepatitis, human immunodefi-
ciency virus (HIV), genetic lipodystrophies, cys-
tic fibrosis liver disease, and hepatotoxicity 
from various therapeutic agents.

Liver biopsy is the currently recommended 
“gold standard” method for the diagnosis and 

grading of steatosis [6, 7]. However, it is an 
invasive procedure that is associated with a sig-
nificant risk of complications and sampling 
error due to small sample size [6, 8]. Although 
magnetic resonance spectroscopy (MRS) gen-
erally is recommended as the most accurate 
imaging technique [9] among the non-invasive 
methods to evaluate liver fat content, and is 
available in nearly all clinical MRI systems, it 
also has some drawbacks. First, it cannot cover 
the entire liver (covering a volume of approxi-
mately 4 cm3). Second, diagnostic radiology 
users may not be proficient in or comfortable 
with its use compared with the PDFF imaging 
method, which more closely resembles com-
monly used techniques [10].

The proton density fat fraction (PDFF, the frac-
tion of the liver proton density attributable to 
liver fat) measurement is a recently developed 
advanced MRI-based technique for quantita-
tive assessment of hepatic steatosis. MRI-PDFF 
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addresses confounding factors such as T1 bi- 
as, T2* decay, spectral complexity of fat, noise 
bias, and eddy currents in conventional MRI 
[11, 12]. In contrast to spectroscopy, novel 
reconstruction approaches can be used to sub-
stantially reduce the length of the patient 
breath holding required to collect PDFF mea-
surements [13, 14]. Most importantly, MRI-
PDFF shows good correlation with the grade of 
steatosis in the liver both by biopsy [15-18] and 
by MRS [19-23].

Several previous studies have assessed the 
diagnostic accuracy of MRI-PDFF for assessing 
liver steatosis, but some of them have small 
sample sizes and, to some extent, different 
quantitative diagnosis and grading results. 
Therefore, the present meta-analysis aims to 
quantify the diagnostic accuracy of MRI-PDFF 
for liver steatosis, using histopathology as ref-
erence standard. 

Methods

Literature search

A thorough search of PubMed, Medline, Embase 
and Cochrane databases, was conducted for 
relevant publications evaluating the diagnostic 
accuracy of MRI-PDFF for the diagnosis and 
grading of liver steatosis in humans, using his-
topathology as reference standard, until Nov 
16, 2017. We used Medical Subject Headings 
(MeSH) terms and free text keywords: NAFLD, 
non-alcoholic fatty liver disease, liver or hepatic 
fat fraction, liver or hepatic fat content, stea- 
tosis, steatohepatitis, hepatosteatosis, NASH, 
non-alcoholic steatohepatitis. These search te- 
rms were combined with: magnetic resonance 
imaging, MRI, proton density fat fraction, and 
PDFF. There were no language and publication 
date restrictions. The reference lists of obtained 
studies and reviews were screened to select 
potentially relevant articles. Ethical approval 
was not required.

Study inclusion 

Initially, two reviewers read the titles and 
abstracts of all the obtained studies to identify 
potentially relevant articles. Then, they inde-
pendently reviewed the full texts of potentially 
relevant articles for inclusion. 

Inclusion criteria were as following: (1) studies 
assessing MRI-PDFF for the diagnosis and 

quantification of liver steatosis; (2) studies 
using histopathology as the reference test; (3) 
studies enrolling ≥10 human individuals; (4) 
studies with data of diagnostic accuracy repo- 
rted, including at least sensitivity, specificity, 
and AUROC or these parameters could be 
calculated.

Exclusion criteria were as following: (1) non-
human studies; (2) studies that were not origi-
nal research, letters, case reports, editorials or 
reviews; (3) studies reporting combined data 
from different imaging methods, or studies of 
which data on the diagnostic accuracy of MRI-
PDFF could not be calculated; (4) duplicate 
publications.

Data extraction

Two reviewers independently extracted the fol-
lowing data: (1) authors and publication time, 
country, study design (prospective/retrospec-
tive study), sample size, male-female ratio, age, 
body mass index (BMI), patient spectrum; (2) 
MR imaging and liver biopsy features; (3) MRI-
PDFF diagnostic accuracy relevant data, includ-
ing sensitivity, specificity, and AUROC, cut-off, 
true positive (TP), false positive (FP), false ne- 
gative (FN), true negative (TN). When disagr- 
eement arose, resolution was reached throu- 
gh face-to-face discussion between the two 
reviewers.

Quality assessment

The quality of diagnostic accuracy studies 
(QUADAS-2) [24] was applied to evaluate the 
quality of the included studies. If the answers 
to all signalling questions for a domain were 
“yes”, then the risk of bias was judged as being 
low. If any answer to the signalling questions 
was “no”, then the potential for bias existed. 
Then, the reviewer judged the risk of bias. The 
“unclear” category was used only when insuffi-
cient data were reported to permit a judge-
ment. Specifically, for each category (risk of 
bias and applicability concerns), studies with 
≥2 domains of high risk were designated high 
risk; those with only one domain of high risk 
would be designated medium risk; those with 
no domain of high risk would be designated low 
risk.

Statistical analysis 

Data were extracted and entered into MetaDisc 
1.4 to analyse forest plots and calculate AUC of 
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SROC, summary statistics for sensitivity, speci-
ficity, positive and negative likelihood ratio 
(LR+/LR-), and diagnostic odds ratio (DOR) with 
95% confidence intervals (CIs). Heterogeneity 
across studies was tested using an I2 test. An I2 
statistic greater than 50% was considered sta-
tistically significant heterogeneity. If substan-
tial heterogeneity existed, the random effects 
model (the DerSimonian - Laird method) was 
used. If not, the fixed effects model (the Mantel-
Haenszel method) was applied. Egger’s test 
was performed by STATA to investigate the pub-
lication bias, and a p-value less than 0.1 was 
set to reflect statistically significant publication 
bias. Because different study used slightly dif-
ferent threshold values for steatosis grading on 
liver biopsy, so we grouped these threshold val-

ues for liver biopsies into four groups, basically 
defined with the NASH nonalcoholic steatohep-
atitis CRN Clinical Research Network scoring 
system, to perform the meta-analysis: Grade 0: 
steatosis on biopsy threshold values: 0-5%; 
Grade 1: steatosis on biopsy threshold values: 
5%-33%; Grade 2: steatosis on biopsy threshold 
values: 33%-66%; Grade 3: steatosis on biopsy 
threshold values: >66%.

Results

Description of included studies

A total of 4499 articles were identified at the 
initial search. After careful examination of the 
titles and abstracts, 4245 articles were exclud-

Figure 1. Study selection process.
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Table 1. Characteristics of included studies
Study Country Design Patient, n (m/f) Age, yrs, mean ± SD (range) BMI, kg/m2 (range) Patient spectrum, n Technique
Rinella 2003 US P 22 (13/9) Liver donors: 37 (23, 52) 

NAFLD: 37 (22, 50)
Liver donors: 31 (26, 35.5) 

NAFLD: 35 (28.2, 40.8)
15 living liver donors; 7 NAFLD MRI

Yoshimitsu 2008 Japan R 58 (35/23) 36.5 (20, 61) 25.1 ± 0.7 (18.3, 32.6) 38 potential living liver donors; 20 liver metastases MRI,CT

d’Assignies 2009 Canada P 20 (15/5) 53.7 ± 11.1 (33,72) 27.7 ± 3.9 14 NAFLD, 6 AFLD MRI, MRS, DWI

Kang 2012 Korea P 56 (35/21) 55 ± 10.1 (31-75) 24.5 ± 3.24 (15.2-33.2) 56 hepatic masse and chronic liver diseases MRI, MRS

Benjamin 2013 Austria R 31 (25/6) 50 (30, 72) NR 31suspected hepatic iron overload or diffuse liver disease MRI

Tang 2013 US P 77 (61/16) 14 (8-61) Adults: 33.2 ± 6.0  
Children: 2.3 ± 0.4

77 NAFLD MRI

Idilman 2013 Turkey R 70 (40/30) 44.7 ± 13.1 (16–69) 29.9 ± 4.3 70 NAFLD MRI

Tang 2015 US P 89 (38/51) 51.0 ± 13.0 (22–80) 30.6 ± 5.0 89 NAFLD MRI

Paparo 2015 Italy P 77 (43/34) 51.31 ± 11.27 (18-81) 22.39 ± 2.27 77 HS with untreated chronic viral hepatitis C. MRI

Idilman 2016 Turkey R 19 (15/4) 41.7 ± 13.1 27.5 ± 3.3 19 NAFLD MRI, MRS

Imajo 2016 Japan P 152 (87/65) NAFLD: 57.5 ± 14.6  
Control: 52.1 ± 15.1

NAFLD: 21.9 ± 0.69  
Control: 28.1 ± 4.63

142 NAFLD; 10 without NAFLD MRI, TE-CAP

P, prospective study; R, retrospective study; M, male; F, female; SD, standard deviation; BMI,body mass index; n, number; NAFLD, Non-alcoholic Fatty Liver Disease; HS, hepatic steatosis; MRS, MR spectroscopy; DMI, diffusion-weighted MR 
imaging; TE-CAP, Transient elastography-based controlled attenuation parameter.
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ed for having no or minimal relevance to the 
accurate diagnosis of liver steatosis by MRI-
PDFF. The full-text of 254 articles was retrieved. 
After careful reading of these full texts, 94 arti-
cles were retained. Of these, 18 articles used 
MRS as a reference, 39 reported other meth-
ods of diagnosis (such as correlation between 
histological assessment of steatosis by MRS 
and MRI and reproducibility of MRI-PDFF), but 
were not relevant to diagnosis accuracy, 18 
were reviews or editorials, and 8 had incom-
plete result data relevant to diagnostic accura-
cy. These articles were excluded, leaving 11 
eligible articles [15-18, 25-31], which were 
included in this meta-analysis. The study selec-
tion process is summarized in Figure 1. The 
details of the search strategy are reported in 
Table S1. Publication bias, as assessed by 
Egger’s test, was not found, with P = 0.145. 

A total of 653 eligible patients undergoing bo- 
th liver biopsy and MRI-PDFF were included. 
Seven studies were prospective [15, 17, 18, 25, 
27, 30, 31], and 4 were retrospective [16, 26, 
28, 29]. Among these, publication years rang- 
ed from 2003 to 2016, sample sizes ranged 
from 19 to 152, and the most frequent asso- 
ciated disease was NAFLD/HS (495/653). The 
detailed characteristics of the included studies 
are listed in Table 1. Number of studies and 
patients in each group analyzed are presented 
in Table 4.

MR imaging and liver biopsy features are sum-
marized in Table S2. All included studies used 
both 1.5 Tesla and 3.0 Tesla magnetic field 
strengths. The sequences used included T1- 
weighted dual gradient echo, T1-weighted sp- 
oiled gradient dual echo, two-dimensional tr- 
ansverse spoiled gradient-echo, T1 fast low- 

Table 2. Quality assessment

Study
Risk of bias Applicability concerns

Patient 
selection

Index 
test Reference Flow & 

timing Total Patient selection Index test Reference Total

Rinella 2003 H L L L M H L U M
Yoshimitsu 2008 H U U M L H L L M
d’Assignies 2009 H L L L M L L L L
Kang 2012 L L L L L L L L L
Benjamin 2013 H U U L M H L L M
Tang 2013 L L L L L L L L L
Idilman 2013 L L L L L L L H M
Tang 2015 L L L L L L L L L
Paparo 2015 L L L L L H L L M
Idilman 2016 L L L L L L L H M
Imajo 2016 L L L L L L L L L
H, high risk; M, Medium risk, L, low risk; U, unclear risk.

Table 3. Statistical summary of outcomes
Steatosis grade Sensitivity (95% CI) Specificity (95% CI) LR+ (95% CI) LR- (95% CI) DOR (95% CI) AUC of SROC (SE)
Grade 0 (0-5%) 0.91 (0.87, 0.94) 0.88 (0.82, 0.92) 5.79 (3.94, 8.50) 0.12 (0.08, 0.18) 74.93 (32.64, 171.99) 0.9594 (0.0139)
Grade 2 (5%-33%) 0.79 (0.72, 0.85) 0.88 (0.82, 0.92) 5.07 (2.92, 8.80) 0.22 (0.11, 0.43) 35.56 (16.84, 75.09) 0.9298 (0.0195)
LR+, positive likelihood ratio; LR-, negative likelihood ratio; DOR, diagnostic odds ratio; AUC of SROC, area under receiver operating characteristic curves; SE, standard error.

Table 4. Number of studies and patients in each group analyzed
Group Steatosis grade n. (sensitivity) n. (specificity) n. (LR+) n. (LR-) n. (DOR) n. (AUC of SROC)
Grade 0 0-5% 8 (453) 8 (453) 8 (453) 8 (453) 8 (453) 8 (453)
Grade 1 5%-33% 1 - - - - -
Grade 2 33%-66% 6 (453) 6 (453) 6 (453) 6 (453) 6 (453) 6 (453)
Grade 3 >66% 2 - - - - -
n, number of studies and patients (in parentheses). 
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angle shot, T1-independent multi-echo gradi-
ent-echo, two-dimensional spoiled gradient 
echo, multi-echo and multi-interference. Nine 

analysis showed that the sensitivity and speci-
ficity were 0.91 (0.87, 0.94) and 0.88 (0.82, 
0.92), respectively. LR+ and LR- was 5.79 (3.94, 

Figure 2. Sensitivity for Grade 0.

Figure 3. Specificity for Grade 0.

Figure 4. AUC of SROC for Grade 0.

of the eleven included stud-
ies have reported a correcti- 
on for T2* effects and breath 
holding. The data for calcula-
tion of MRI-PDFF diagnosis 
accuracy, including true posi-
tive (TP), false positive (FP), 
false negative (FN), true neg-
ative (TN), sensitivity, specifi- 
city, AUROC, and cut-off, were 
extracted and summarized in 
Table S3.

Quality assessment

According to QUADAS-2 (A Re- 
vised Tool for the Quality As- 
sessment of Diagnostic Acc- 
uracy Studies), the quality as- 
sessment composed of two 
categories: risk of bias and 
applicability concerns. In gen-
eral, risk of bias and applica-
bility of the included studies 
were low to medium. For risk 
of bias, we included 8 low-
risk studies and 3 medium- 
risk studies. For applicability 
concerns, we included 5 low- 
risk studies and 6 medium- 
risk studies (Table 2).

Statistical pooling of out-
comes

A summary statistics for se- 
nsitivity, specificity, positive 
and negative likelihood ratio 
(LR+/LR-), DOR, AUC of SROC 
with 95% confidence inter-
vals (CIs) are showed in Table 
3.

Grade 0 (0-5%): Given that no 
significant heterogeneity ex- 
isted for sensitivity, specifici-
ty, LR+, LR-, and DOR (I2 = 
24.7%, 42.3%, 0.0%, 8.5%, 
0.0%, respectively), Mantel-
Haenszel fixed effect model 
were used. As displayed in 
Figures 2 and 3, our meta-
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8.50) and 0.12 (0.08, 0.18), respectively. DOR 
was 74.93 (32.64, 171.99). AUC of SROC was 
0.9594 (standard error [SE] = 0.0139) (Figure 
4). 

Grade 2 (33%-66%): There was heterogeneity 
in this group for sensitivity, specificity, LR+ and 

be confounded by several factors, and it cannot 
quantify steatosis beyond grading [34]. Furth- 
ermore, since CT relies on ionizing radiation 
[35], it is not suitable for use in children and  
in follow-up evaluations. Chemical shift bas- 
ed water-fat separation methods have evolved 
dramatically in their ability to quantify hepatic 

Figure 5. Sensitivity for Grade 2.

Figure 6. Specificity for Grade 2.

Figure 7. AUC of SROC for Grade 2.

LR- (I2 =86.8%, 53.7%, 53.5%, 
71.2%, respectively). Except 
for DOR (I2 = 0.0%). So Der- 
Simonian-Laird random effec- 
ts model was used. As dis-
played in Figures 5 and 6, our 
meta-analysis showed that 
sensitivity and specificity were 
0.79 (0.72, 0.85) and 0.88 
(0.82, 0.92), respectively. LR+ 
and LR- were 5.07 (2.92, 8.80) 
and 0.22 (0.11, 0.43), respec-
tively. DOR was 35.56 (16.84, 
75.09). AUC of SROC was 
0.9298 (standard error [SE] = 
0.0195) (Figure 7). 

Discussion

Currently, liver biopsy remains 
reference standard to evalu-
ate the grade of hepatic ste-
atosis. However, biopsy has 
some limitations, and is not 
optimal for screening, moni-
toring, or clinical decision-ma- 
king, and is not well suited to 
certain research studies. Th- 
erefore, a noninvasive and ob- 
jective quantification of liver 
fat content may be preferable 
to liver biopsy in both clinical 
practice and research. Several 
noninvasive imaging techni- 
ques, including ultrasound, 
CT, MRS, and MRI, have been 
used to evaluate liver fat con-
tent. Ultrasound is the most 
common imaging method us- 
ed to evaluate hepatic steato-
sis because of its low cost, its 
safety, and its availability. Ho- 
wever, it has limited sensiti- 
vity, specificity, reproducibility 
[32, 33], and is challenging  
to perform in obese patients 
[33]. CT is another imaging 
modality, but its analysis can 
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steatosis in recent years. MRI-PDFF is an 
important MRI based accurate imaging modal-
ity. MRI-PDFF eliminates confounding factors 
and quantifies the fat fraction of the entire liver, 
which is limited in both MRS and liver biopsy. It 
would be of great value to evaluate the diag-
nostic accuracy of MRI-PDFF in grading liver 
steatosis for both clinical physicians and 
reseachers.

In this meta-analysis, we included 11 indepen-
dent studies, with 653 patients undergoing 
both liver biopsy and MRI-PDFF. We divided 
liver steatosis into four grades according to 
NASH nonalcoholic steatohepatitis CRN Clinical 
Research Network scoring system.

Our result showed that, for grade 0, sensitivity, 
specificity and DOR were 0.91 (0.87, 0.94), 
0.88 (0.82, 0.92), and 74.93 (32.64, 171.99), 
respectively. For grade 2, sensitivity, specificity 
and DOR were 0.79 (0.72, 0.85), 0.88 (0.82, 
0.92), and 35.56 (16.84, 75.09), respectively. 
Our results showed that MRI-PDFF can provide 
high accuracy for diagnosis and quantifying 
liver steatosis.

SROC is proposed as an index to assess diag-
nostic accuracy in meta-analyses [36, 37]. In 
practice, AUC of SROC has a range from 0.5 (no 
better than chance) to 1 (a perfect test) [38]. In 
our review, AUC of SROC in grade 0 was 0.9594 
(SE= 0.0139) and AUC of SROC in grade 2 was 
0.9298 (SE = 0.0195), which suggest a high 
accuracy of MRI-PDFF in diagnosing and quan-
tifying liver steatosis.

LR+ greater than 5 or LR- less than 0.2 can pro-
vide strong diagnostic evidence [39]. In our 
review, for grade 0, LR+ and LR- were 5.79 
(3.94, 8.50) and 0.12 (0.08, 0.18), respective-
ly. For grade 2, LR+ and LR- were 5.07 (2.92, 
8.80) and 0.22 (0.11, 0.43), respectively, which 
also indicate a strong diagnostic evidence.

There are several limitations in our study. First, 
even though we excluded studies enrolling 
fewer than 10 individuals, some included stud-
ies still had small sample sizes because we 
only included studies using live biopsy as the 
reference stander. Second, we included a di- 
verse spectrum of patients, and this diversity 
may have induced greater heterogeneity in the 
meta-analysis for grade 2. Third, because there 
were different grading standers of hepatic ste-

atosis in different studies, so we divided the 
nearby cut-off values into one grade based on 
to NASH nonalcoholic steatohepatitis CRN Cl- 
inical Research Network scoring system. The 
ideal situation would be to analyze accuracy 
results for each cut-off value separately. Fourth, 
we only performed meta-analysis in only grade 
0 and grade 2, because grade 1 and grade 3 
had no sufficient data. In summary, our meta-
analysis suggests that MRI-PDFF technique 
has high accuracy in diagnosing and quantify-
ing liver steatosis. This method provides an 
accessible, accurate quantification of liver fat 
content without confounding factors and is 
generally preferable to MRS and liver biopsy for 
spatial coverage of the entire liver.
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Table S1. Details of search strategy
EMBASE MEDLINE COCHRANE PUBMED

Patient (exp fatty liver/or exp nonalco-
holic fatty liver/or NAFLD.mp.) 
or (NASH.mp.) or (exp steato-
sis/) or (exp fat content/)

NAFLD OR NASH OR non-alcoholic fatty liver dis-
ease OR non-alcoholic steatohepatitis OR liver fat 
OR steatosis OR hepatic fat fraction OR liver fat 
content OR steatohepatitis OR hepatosteatosis

(NAFLD.mp. or exp Fatty Liver/) or (non-
alcoholic fatty liver disease.mp.) or (non-
alcoholic steatohepatitis.mp.) or (liver fat 
content.mp.)

((“Non-alcoholic Fatty Liver Disease” [Mesh]) 
OR “Fatty Liver” [Mesh]) and Humans [Mesh]

Intervention (exp nuclear magnetic reso-
nance imaging/) or (proton den-
sity fat fraction.mp. or proton/)

(magnetic resonance imaging or mri) OR proton 
density fat fraction

(exp Magnetic Resonance Imaging/) or 
(proton density fat fraction.mp.)

“Magnetic Resonance Imaging” [Mesh] and 
Humans [Mesh]

Number of articles retrieved 2932 1004 28 535
We used Medical Subject Headings (MeSH) terms and free text keywords: NAFLD, non-alcoholic fatty liver disease, liver or hepatic fat fraction, liver or hepatic fat content, steatosis, steatohepatitis, hepatosteatosis, NASH, non-alcoholic steato-
hepatitis. These search terms were combined with: magnetic resonance imaging, MRI, proton density fat fraction, PDFF.

Table S2. MR imaging features

Study n of 
patients

Field 
strength (T) Sequence TR (ms)/TE (ms) Breath 

holding
T2*  

correction Evaluation of hepatic steatosis

Rinella 2003 22 1.5 T1-weighted dual gradient echo 180/2.38-4.76 NR NR IP-OP/IP + OP + OP/1.54

Yoshimitsu 2008 50 1.5 T1-weighted dual gradient echo 150/2.3-4.7 NR NR (SI (IP)-SI (OP))/SI (IP)

d’Assignies 2009 20 1.5 T1-weighted spoiled gradient dual echo 140/2.2-4.6 YES YES (SI (IP)-SI (OP))/2SI (IP)

Kang 2012 56 1.5 2-dimensional spoiled gradient echo, Multiecho and multi- interference 122/2.3-13.8 YES YES Sf×100/(Sf+Sw) #1

Benjamin 2013 31 1.5 two-dimensional transverse spoiled gradient-echo T1 fast low angle shot 103/2.37-5.05 YES YES (IP-OP)/(2×IP)

Tang,2013 77 1.5/3.0 two-dimensional spoiled gradient-recalled echo 1.5T:120-270/2.3-13.8 
3.0:120-270/1.15-6.9

YES YES NR 

Idilman 2013 70 1.5 T1-independent volumetric multiecho gradient-echo, including IDEAL-IQ 12.9/1.6-9.8 YES YES NR 

Tang 2015 89 3.0 two-dimensional spoiled, gradient-recalled-echo 120-270/1.15-6.9 YES YES NR

Paparo,2015 77 1.5 two-dimensional, spoiled, multiecho gradient-echo 120-270/1.1-18.35 YES YES S2/(S1+S2) #2

Idilman 2016 19 1.5 T1-independent volumetric multi-echo gradient-echo, including IDEAL-IQ 12.9/1.6-9.8 YES YES NR

Imajo 2016 142 3.0 fast gradient echo (IDEAL-IQ) 110/2.1 YES YES NR
Abbreviations are as follows: n, number; TR, repetition time; TE, echo time; FS: Fat suppression; IP: In-phase; OP: Opposed-phase; SI: Signal intensity; NR, no report; IDEAL-IQ, iterative decomposition of water and fat with echo asymmetry and 
least squares estimation-image quantification. #1: Sw = SI of the water component, Sf = SI of the fat component. #2: S1 and S2 are the signal amplitudes of water and fat respectively.



MRI-PDFF in liver steatosis

2	

Table S3. MRI-PDFF diagnosis accuracy

Group Steatosis 
grade Study TP FP FN TN Sensitivity (%) Specificity (%) ROC (SE) Cut-off

Grade 0 0-5% Rinella, 2003 16 0 2 4 88.9 100 NR >15%,0.2,

d’Assignies, 2009 20 3 1 21 95.2 87.5 0.99 0.05

Kang, 2012 Multiecho 17 7 1 31 94.4 81.6 0.947 2.51

Kang, 2012 Multi-Interference 17 7 1 31 94.4 81.6 0.948 2.94

Benjamin, 2013 20 2 3 6 87 75 0.84 0.053

Tang, 2013 70 0 2 5 97 100 0.989 0.064

Tang, 2015 71 1 12 5 86 83 0.961 0.069

Paparo, 2015 27 1 4 45 87.10 97.83 0.926 0.0687

Imajo, 2016 - - - - 90.0 93.3 0.98 0.052

Summary estimates (± 95% CI) 0.91 (0.87,0.94) 0.88 (0.82,0.92) 0.9594 (0.0139) -

Grade 1 5%-33% Yoshimitsu, 2008 14 1 2 17 87.5 94.4 0.91 0.03

Summary estimates (± 95% CI) - - - -

Grade 2 33-66% Yoshimitsu, 2008 25 4 0 5 100 55.6 0.88 0.25

Tang, 2013 28 3 18 28 61 90 0.825 0.174

Idilman, 2013 41 4 3 22 93 85 0.95 0.1503

Tang, 2015 28 2 16 43 64 96 0.947 0.164

Paparo, 2015 7 8 1 61 87.5 88.41 0.929 0.1108

Idilman, 2016 12 2 0 5 100 71.4 0.881 0.1

Imajo, 2016 - - - - 78.9 84.1 0.90 0.113

Summary estimates (± 95% CI) 0.79 (0.72,0.85) 0.88 (0.82,0.92) 0.9298 (0.0195) -

Grade 3 >66% Tang, 2013 13 5 6 53 68 91 0.893 0.221

Tang, 2015 10 6 4 69 71 92 0.921 0.235

Imajo, 2016 - - - - 73.7 81.0 0.79 0.171

Summary estimates (± 95% CI) - - - -
Abbreviations are as follows: TP, true positive; FP, false positive; FN, false negative; TN, true negative; ROC, the area under receiver operating characteristic curves; SE, 
standard error.


