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Abstract

Aim: We examined the diagnostic accuracy of ultrasonography to detect any HS (defined as steatotic hepatocytes
= 5% on histology) and moderate-severe HS (defined as steatotic hepatocytes =2 30% on histology) by performing
a systematic review and meta-analysis.

Methods: We systematically searched PubMed, Web of Science, and Scopus databases, from January 2011 to
February 2021, to identify studies conducted in adults investigating the diagnostic accuracy of ultrasonography vs.
histology for detecting either 2 5% histologically defined HS or moderate-severe HS (=2 30%). Meta-analysis was
performed using random-effects modeling.

Results: Twelve studies were included involving a total of 2921 individuals, 1710 (58.5%) of whom had HS = 5% by
histology. The overall sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio of
ultrasonography for the detection of = 5% histologically defined HS, compared to histology, were 82% (95%

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0
By International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing,
adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.

OCE www.mtodjournal.net



https://creativecommons.org/licenses/by/4.0/
https://mtodjournal.net/
https://dx.doi.org/10.20517/mtod.2021.05

Page 2 of 15 Ballestri et al. Metab Target Organ Damage 2021;1:7 | https://dx.doi.org/10.20517/mtod.2021.05

confidence interval 76%-86%), 80% (72%-86%), 4.0 (2.90-5.70), and 0.23 (0.18-0.30), respectively. Based on
the pooled analysis of seven studies, the overall sensitivity, specificity, positive likelihood ratio, and negative
likelihood ratio of ultrasonography for the detection of 2 30% histologically defined HS were 85% (72%-92%),
85% (73%-93%), 5.72 (3.06-10.7), and 0.18 (0.10-0.33) , respectively. Funnel plots did not reveal any significant
publication bias.

Conclusion: Conventional ultrasonography allows for reliable and accurate detection of 2 5% histologically defined
HS compared to histology. These findings call for an extensive use of conventional ultrasonography in the clinical
arena.

Keywords: Ultrasound, fatty liver, nonalcoholic fatty liver disease

INTRODUCTION

Hepatic steatosis (HS) is histologically defined by accumulation of triglycerides in > 5% of hepatocytes',
and it is now realized that lipid accumulation represents a disease state”. HS is associated with adverse
hepatic and extra-hepatic clinical outcomes, spanning progressive fibrosing liver disease” to increased risks
of incident type 2 diabetes mellitus (T2DM)", chronic kidney disease”, cardiovascular disease!*”, and extra-
hepatic malignancies". HS results from an imbalance between hepatic de novo lipogenesis and the capacity
of hepatocytes to either oxidize or export excess lipid. HS is influenced by many exogenous and endogenous
stimuli, such as excessive alcohol consumption, viruses, drugs, and hereditary or endocrine-metabolic
diseases". However, from a probabilistic point of view, HS will most commonly occur due to nonalcoholic
fatty liver disease (NAFLD)Y. In this specific setting, quantitative alterations of hepatic fat content play a
key role in determining the development and progression of liver disease!”; therefore, it is important to be
able to accurately detect HS to establish a diagnosis of NAFLD.

Currently, there are several diagnostic tests available to diagnose HS, including non-invasive biomarkers,
imaging techniques, and liver biopsy!'”. The utilization of such diagnostic methods largely depends on local
availability of resources to be destined to the diagnosis and management of this common and frequently
asymptomatic liver disease. For example, scientific guidelines provide conflicting advice as to whether
specific populations at risk for this condition should be subjected to screening for asymptomatic NAFLD"'\.
Nevertheless, scientific societies and authorities agree that, because of its widespread availability and
excellent precision, liver ultrasonography should be the first-line diagnostic tool for assessing suspected
HSt*">**, In addition, ultrasonography allows prompt identification of focal liver diseases, metastases,
hepatocellular carcinoma, and gallstones as causes of abnormal liver function tests. Compared to more
expensive imaging methods (such as magnetic resonance-based techniques), ultrasonography is also more
widely available"”. Ultrasonography has a poor sensitivity for detecting mild HS (< 30% of steatotic
hepatocytes on histology)"*'”, whereas more recent investigations suggested that semi-quantitative indices,
such as the ultrasonographic fatty liver indicator applied to conventional ultrasonography, may facilitate
accurate detection of mild HS, i.e., corresponding to a minimum amount of 10% HS, as assessed
histologically".

Despite this background of evidence attesting to the superiority of ultrasonography in the initial assessment
of HS, more contemporary comparative data are required that assess the diagnostic accuracy of
ultrasonography with different levels of HS. Therefore, we undertook a systematic review and meta-analysis
to compare the diagnostic accuracy of ultrasonography to detect: (1) any HS (defined as steatotic
hepatocytes 2 5% on histology); and (2) moderate-severe HS (defined as steatotic hepatocytes = 30% on
histology). We identified all observational studies, which were published over the last 10 years after the
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pioneering meta-analysis undertaken by Hernaez et al."” in 2011.

METHODS

Review protocol registration

The protocol of the meta-analysis was registered in advance in PROSPERO database (International
Prospective Register of Systematic Reviews) with the following code registration number:
CRD#42020183739.

Data sources and searches

We systematically searched in PubMed, Scopus, and Web of Science databases to identify all observational
studies, published from 1 January 2011 (to identify all studies published after the aforementioned meta-
analysis by Hernaez et al."”) to 28 February 2021, assessing the diagnostic accuracy of conventional
ultrasonography for the detection of either = 5% histologically defined HS or moderate-severe HS in relation
to liver biopsy, which is the “gold standard” method for diagnosing and staging HS"?. Only studies
conducted in adult individuals (> 18 years) were included. No restrictions in terms of sex, race, or ethnicity
were adopted. Exclusion criteria were: (1) abstracts, reviews, editorials, commentaries, and guidelines; and
(2) non-English-language articles. Studies using ultrasound techniques other than conventional
ultrasonography (e.g., Doppler, transient elastography, contrast-enhanced ultrasound, or quantitative
ultrasound fat estimation) were also excluded. Overall, the eligible studies were identified using the free text
terms: “fatty liver” OR “nonalcoholic fatty liver disease” OR “NAFLD” OR “chronic viral hepatitis” OR
“chronic liver diseases” AND “ultrasonography” OR “ultrasound” IN “humans”. We performed a systematic
review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (http://www.prisma-statement.org). Additionally, given that the included studies were
observational in design, we followed the Meta-analysis Of Observational Studies in Epidemiology guidelines
for the meta-analysis of these studies"”.

Data extraction and quality assessment

Two investigators (Ballestri S and Mantovani A) independently evaluated titles and abstracts and
subsequently obtained full texts of relevant papers. Working independently, these two investigators read the
articles and judged whether they met the inclusion criteria. Discrepancies were resolved by discussion with a
third author (Targher G). For all studies, we extracted information on sample size, population
characteristics, study country, sensitivity, and specificity, as well as the numbers of true positives, true
negatives, false positives, and false negatives. In the case of multiple publications, we included the most up-
to-date or comprehensive information. We did not contact any corresponding authors of the eligible studies
in order to obtain additional information. Two authors (Ballestri S and Mantovani A) independently
assessed the risk of bias. Since all the eligible studies had an observational design, the Newcastle-Ottawa
Scale (NOS) was used to assess the quality of each study, as recommended by the Cochrane
Collaboration. The NOS assigns a maximum of four stars for selection (or five stars in the case of cross-
sectional studies), two stars for comparability, and three stars for outcome/exposure. We judged studies that
received a score of at least eight stars to be at low risk of bias (i.e., thus reflecting the highest study quality).

Data synthesis and analysis

The primary measures of the meta-analysis were the diagnostic accuracy of conventional ultrasonography
for the detection of either = 5% histologically defined HS or 2 30% histologically defined HS (i.e., moderate-
severe HS) compared to liver biopsy, taken as the gold standard. The overall sensitivity, specificity, positive
and negative likelihood ratios (LR+ and LR-, which are estimated, respectively, by the ratio of the
proportion of positive and negative tests in the diseased vs. non-diseased individuals), and the diagnostic
odds ratio (DOR, calculated as the LR+ divided by the LR-) were obtained for each eligible study and
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subsequently combined in the meta-analysis®. The meta-analysis was carried out using random-effects
modeling as this methodology takes into account any differences between studies even if there is no
statistically significant heterogeneity. The Cochran Q chi-square test and the I*-statistics were used to assess
the heterogeneity across the eligible studies™. Presence of high heterogeneity was defined when the result of
the Q test was significant (P < 0.05) and P-statistics > 50%". Subgroup analyses by study country, causes of
HS, publication year (2010-2014 vs. 2015-2020), population age (above the median), or levels of body mass
index [(BMI) above the median] were planned to be used where the heterogeneity was high (I’> 50%) and
the number of available studies was more than ten". We also performed the summary receiver operating
characteristics (ROC) curve analysis and the respective area under the curve was used as a global measure of
test performance®. The possibility of publication bias was evaluated by visual inspection of the funnel plots
and by the Deeks’s test, which is the preferred statistical analysis to formally test for publication bias in
studies assessing diagnostic test accuracy”. The Fagan’s nomogram was used to estimate the clinical value
of the index test””. This nomogram is a two-dimensional graphical tool for estimating how much a
diagnostic test result changes the probability that a subject has the disease in question. All statistical tests
were two sided and a significance level of P < 0.05 was considered. All analyses were performed with
STATA® version 16.1 (Stata, College Station, TX, USA). Specifically, we used “metandi” and “midas”
commands.

RESULTS

Literature search and study characteristics

Supplementary Figure 1 shows the results of the literature research and study selection. Based on the titles
and abstracts of 2467 selected citations (after excluding all duplicates), we initially identified 16 potentially
relevant studies that were published between 1 January 2011 and 28 February 2021. Table 1 describes the
syntax used and the records identified through database searching. After examining the full text of these
publications, we excluded four studies owing to unsatisfactory inclusion criteria or unsatisfactory outcome
measures [Table 2]. As a consequence of this selection strategy, twelve observational studies"****!
comparing the diagnostic accuracy of ultrasonography to liver histology were included in the meta-analysis
and were assessed for quality (as summarized in Table 3). These studies included 2921 middle-aged
participants (mean age 45 + 7 years; mean BMI 29 + 9 kg/m?), 1710 (58.5%) of whom had 2 5% histologically
defined HS. As also shown in the table, about two thirds of these participants had mild HS (5%-30% of
steatotic hepatocytes on histology), whereas one third of participants had moderate-severe HS (= 30%
histologically defined HS). Among the 12 eligible studies, four studies were carried out in Europe (Italy,
Netherlands, and Germany), four studies in the United States, and four studies in Asia (South Korea, China,
Pakistan, and Taiwan). In addition, six studies included patients with NAFLD, four studies involved
patients with chronic viral hepatitis B or C, and two studies enrolled patients with various chronic liver
diseases, including NAFLD and chronic viral hepatitis. Overall, four studies received eight stars on the NOS
(indicating an overall low risk of bias) and the remaining eight studies received six or seven stars (indicating
an overall medium risk of bias), thereby suggesting an overall medium-low risk of bias.

Diagnostic accuracy of ultrasonography vs. histology for hepatic steatosis = 5%

Table 3 summarizes the main characteristics of the 12 eligible studies"*** and provides data on the
diagnostic accuracy of ultrasonography compared to histology (gold standard) for the detection of 2 5%
histologically defined HS. The overall sensitivity of ultrasonography to detect 2 5% histologically defined HS
was 82% [95% confidence interval (CI): 76%-86%], the specificity was 80% (95%CI: 72%-86%), the LR+ was
4.0 (95%CI: 2.90-5.70) and the LR- was 0.23 (95%CI: 0.18-0.30). The diagnostic odds ratio was 17 (95%CI:
11-28) and the summary area under the ROC curve was 0.87 (95%CI: 0.84-0.90) [Figure 1A and B]. As
expected, the heterogeneity for the area under the summary ROC curve was high (I’ = 97%; chi-square: 57.1;
df: 2.0; P < 0.001). To obtain the post-test probability, we used the Fagan’s nomogram for which we
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Table 1. Syntax used and records identified through database searching

PubMed <from January 1, 2011 to February 28, 2021>

#1 Search "

#2 Search

#3 Search "
#4 Search "
#5 Search "
#6 Search "
#7 Search "
#8 Search "
#9 Search "
#10 Search "

#11 Search

fatty liver AND ultrasonography” IN “humans”

"fatty liver AND ultrasound” IN “humans”

nonalcoholic fatty liver disease AND ultrasonography” IN “humans”
nonalcoholic fatty liver disease AND ultrasound” IN “humans”
NAFLD AND ultrasonography” IN “humans”

NAFLD AND ultrasound” IN “humans”

chronic viral hepatitis AND ultrasonography” IN “humans”

chronic viral hepatitis AND ultrasound” IN “humans”

chronic viral disease AND ultrasonography” IN “humans”

chronic viral disease AND ultrasound” IN “humans”

“NAFLD OR chronic viral disease AND ultrasonography” IN “humans”

Scopus <from January 1, 2011 to February 28, 2021>

#1 Search
#2 Search
#3 Search
#4 Search
#5 Search
#6 Search
#7 Search
#8 Search
#9 Search
#10 Search
#1 Search

"fatty liver AND ultrasonography” IN “humans”

"fatty liver AND ultrasound” IN “humans”

"nonalcoholic fatty liver disease AND ultrasonography” IN “humans”
"nonalcoholic fatty liver disease AND ultrasound” IN “humans”
"NAFLD AND ultrasonography” IN “humans”

"NAFLD AND ultrasound” IN “humans”

"chronic viral hepatitis AND ultrasonography” IN “humans”

"chronic viral hepatitis AND ultrasound” IN “humans”

"chronic viral disease AND ultrasonography” IN “humans”

"chronic viral disease AND ultrasound” IN “humans”

“NAFLD OR chronic viral disease AND ultrasonography"” IN “humans”

Web of Science <from January 1, 2011 to February 28, 2021>

#1 Search
#2 Search
#3 Search
#4 Search
#5 Search
#6 Search
#7 Search
#8 Search
#9 Search
#10 Search
#1 Search

"fatty liver AND ultrasonography” IN “humans”

"fatty liver AND ultrasound” IN “humans”

"nonalcoholic fatty liver disease AND ultrasonography” IN “humans”
"nonalcoholic fatty liver disease AND ultrasound” IN “humans”
"NAFLD AND ultrasonography” IN “humans”

"NAFLD AND ultrasound” IN “humans”

"chronic viral hepatitis AND ultrasonography” IN “humans”

"chronic viral hepatitis AND ultrasound” IN “humans”

"chronic viral disease AND ultrasonography” IN “humans”

"chronic viral disease AND ultrasound” IN “humans”

“NAFLD OR chronic viral disease AND ultrasonography” IN “humans”

2333
2703
1636
1940
1608
1913
612
688
1585
1724
2730

3125
3248
2230
2262
1489
2733
1313
2805
1513
3220
196

1242
1785
580
758
837
1086
103
298
87
255
3117

Table 2. Studies excluded at the eligibility step of PRISMA diagram

Author, year PMID Country Sample size (n) Exclusion criteria

Xu et al.[SOJ, 2017 28433586 China 366 Unsatisfactory inclusion criteria
Garcia-Monzon et al.”*", 2015 25708133 Spain m Unsatisfactory study design
Nelson et al.[sﬂ, 2020 31647137 USA 208 Unsatisfactory inclusion criteria
Loy et al®? 2016 27298639 Italy 88 Unsatisfactory study design

PRISMA: Preferred reporting items for systematic reviews and meta-analyses.

performed a simulation with an observed prevalence of 58% of = 5% histologically defined HS, based on the
pooled prevalence of the 12 eligible studies. The probability in this model of someone having 2 5%
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Table 3. Main characteristics of the eligible studies (n = 12) evaluating the sensitivity and specificity of ultrasonography for identifying hepatic steatosis on histology as gold standard

Patients

Patients Patients ©atients with

Causes of HS . . with mild moderate-
Author, Study Sample gy, 4y (ultrasonographic Age MI with HS C without ¢ (5%- severe HS True ~ True  False False
PMID . size . e ?k 2y 25%) on HSon o positive negative positive negative NOS
year country/region population criteria used for (years) (kg/m’) = N 30%) on (230%)
(n) . o histology histology . (n) (n) (n) (n)
identifying HS) histology on
(n) (n) "
(n) histology
(n)
Van Werven 20574093 Netherlands 42* Patients NAFLD (increased 59 27 20 22 n 9 13 18 5 7 6
et ol undergoing echogenicity
2010 hepatic compared with right
resection kidney and
for decreased
neoplasia visualization of
diaphragm and
intrahepatic vessel
borders)
Leeetal!”™ 20185194 South Korea 161 Consecutive NAFLD (increased 32 23 60 101 49 n 37 82 23 19 7
2010 potential echogenicity
living liver  compared with renal
donors cortex and loss of
detail of the portal
vein)
Wuetal®® 21901286 USA 410" Bariatric NAFLD (increased 46 45 291 19 NA NA 251 81 38 40 8
2012 surgery echogenicity
patients compared with renal
cortex and loss of
detail of the portal
veins)
Wan[%u 23828144 Taiwan 175 Consecutive NAFLD (increased 46 25 m 64 83 28 101 33 10 31 7
etal.”"" 2013 patients echogenicity
with chronic compared with renal
hepatitis cortex)
and
indication
for liver
biopsy
Sohail 23930869 Pakistan 152 Patients HCV (increased 39 23 79 73 45 34 72 69 4 7 7
etal® 2013 with chronic echogenicity
HCV compared with renal
cortex and loss of
detail of the portal
vein)
Macaluso et 24112998 ltaly 515 Patients HCV (increase in 53 26 251 264 170 81 158 239 93 25 8

al. with chronic liver-kidney contrast
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2912014 HCV and evidence of
vascular blurring and
deep attenuation

signs)
Bril et al®® 25847730 USA 146 Patients NAFLD (increased 50 34 % 50 NA NA 60 44 36 6 7
2015 with echogenicity

overweight compared with renal
or obesity  cortex and loss of
undergoing  detail of the portal
liver biopsy  vein)

Petrick et al’ 26003548 USA 513 Bariatric NAFLD (fallinecho 44 47 348 165 197 151 279 12 70 53 8
#2015 surgery amplitude with
patients penetration to deep
portion of the liver,
extent of

discrepancy in echo
amplitude between
liver and kidney, loss
of echoes from the

portal vein)
Chen 27241724  China 189 Patients HBV (increased 37 23 98 91 61 37 87 78 1 14 7
etal®? 2016 with chronic echogenicity
HBV compared with renal

cortex and loss of
detail of the portal

vein)
Kelly et al.”® 28151547 USA 109 Patients HBV (increased 46 25 48 61 39 9 29 56 5 19 7
2017 with chronic echogenicity
HBV compared with renal

cortex and loss of
detail of the portal

vein)
Ballestri 28641784 ltaly 352 Patients NAFLD/HBV/HCV 48 27 226 126 86 140 187 16 10 39 8
etal™ 2017 with chronic (presence of liver-
liver kidney contrast,
diseases graded as
mild/moderate or
severe)
Petzold 32357147 Germany 157 Patients NAFLD/HBV/HCV 48 28 82 ns5 38 44 32 87 28 10 7
etal®* 2020 with chronic (increased
liver echogenicity
diseases compared with renal

cortex and loss of
detail of the portal
vein)

*Number of patients in whom liver ultrasound examination was available. HS: Hepatic steatosis; BMI: body mass index; HBV: hepatitis B virus; HCV: hepatitis C virus; NAFLD: nonalcoholic fatty liver disease; NASH:
nonalcoholic steatohepatitis; NOS: Newcastle-Ottawa scale.
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histologically defined HS and not being detected by ultrasonography was 24% [Figure 2].

As shown in Table 4, the diagnostic performance of ultrasonography for detecting = 5% histologically defined HS remained comparable even when the eligible
studies were stratified by study country, causes of HS, publication year, age of participants, or BMI levels. In addition, study country, age of participants, and
levels of BMI explained only a small proportion of the aforementioned between-study heterogeneity. Notably, the Deeks’ funnel plot asymmetry test did not
show any potential publication bias (P = 0.92) [Supplementary Figure 2].

Diagnostic accuracy of ultrasonography vs. histology for hepatic steatosis = 30%

Combining together the results of the seven eligible studies**»*»***2**

"involving a total of 2062 middle-aged individuals, which tested the diagnostic accuracy
of ultrasonography for the detection of 2 30% histologically defined HS, we found that the overall sensitivity of ultrasonography to detect HS was 85% (95%CI:
72%-92%), specificity was 85% (95%CI: 73%-93%), LR+ was 5.72 (95%CI: 3.06-10.7), and LR- was 0.18 (95%CI: 0.10-0.33). The diagnostic odds ratio was 32
(95%CI: 13-77) and the summary area under the ROC curve was 0.92 (0.89-0.94) [Figure 3A and B]. As expected, the heterogeneity for the area under the
summary ROC curve was high (I’ = 98%; chi-square: 99.1; df: 2.0; P < 0.001). To obtain the post-test probability, we used Fagan’s nomogram for which we
performed a simulation with an observed prevalence of 26% for moderate-severe HS, based on the pooled prevalence of moderate-severe HS in these seven
eligible studies. The probability in this model of someone having moderate-severe HS and not being detected by ultrasonography was 6% [Figure 4]. In

addition, the Deeks’ funnel plot asymmetry test did not show any significant publication bias (P = 0.43) [Supplementary Figure 3].

DISCUSSION

Our updated systematic review and meta-analysis of 12 observational studies published during the last decade (from January 2011 to February 2021) was
aimed at examining the diagnostic accuracy of ultrasonography versus histology (gold standard) for the detection of either = 5% histologically defined HS or
moderate-severe HS (= 30% histologically defined HS). The major findings of our meta-analysis are that conventional ultrasonography allows for reliable and
accurate detection of 2 5% histologically defined HS (82% sensitivity and 80% specificity), as well as moderate-severe HS (85% sensitivity and 85% specificity),
compared to liver histology. It should be noted that approximately two thirds of the subjects included in this meta-analysis had mild HS (i.e., less than 30%
steatotic hepatocytes on histology).

At first glance, our finding on the diagnostic accuracy of ultrasonography for the detection of > 5% histologically defined HS is at variance with previous
studies published before 2010. Indeed, we found that overall sensitivity of conventional ultrasonography for the detection of 2 5% histologically defined HS was
much better (82% sensitivity) than that reported in a previous meta-analysis of 49 studies published between 1979 and 2010 by Hernaez et al." (65%
sensitivity). In contrast, in both meta-analyses, overall specificity was very similar (80% in our study compared with 81% in"®). Conversely, our finding on the
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Table 4. Subgroup analyses: diagnostic accuracy of conventional ultrasonography, compared to histology, for the detection of 2 5%
histologically defined HS in eligible studies (n = 12), which were stratified by study country, causes of HS, publication year, age of

participants, or levels of body mass index

Sensitivity (95%Cl) P Specificity (95%CI) P LR+ (95%CI) LR- (95%CI)
Study country
Asia (n=4) 0.82(0.71-0.89) 71%  0.86 (0.77-0.91) 80% 5.81(3.14-10.8) 0.21(0.12-0.38)
Europe (n=4) 0.83(0.79-0.86) 59% 0.81(0.70-0.89) 86% 4.36(2.70-7.06)  0.21(0.17-0.26)
United States (n = 4) 0.82(0.71-0.89) 72% 0.71(0.52-0.85) 40% 2.84 (1.76-4.59) 0.25(0.18-0.35)
Causes of HS'
NAFLD (n=6) 0.82(0.75-0.87) 70% 0.73(0.64-0.80) 87% 3.02(2.27-4.00)  0.25(0.19-0.33)
Viral hepatitis Boor C (n=5) 0.79 (0.61-0.88) 88% 0.85(0.70-0.94) 93% 4.79 (1.81-12.5) 0.24 (0.14-0.44)
Publication year
From 2010 to 2014 (n = 6) 0.81(0.73-0.88) 82% 0.79 (0.69-0.86) 76% 3.81(2.49-5.84) 0.24 (0.15-0.36)
From 2015 to 2020 (n = 6) 0.82(0.75-0.87) 78% 0.81(0.66-0.90) 93% 4.23(2.40-7.43)  0.22(0.17-0.30)
Population age (above the median)
<46 years (n=7) 0.81(0.73-0.87) 86% 0.82(0.71-0.89) 89% 4.44 (2.71-7.28) 0.24 (0.16-0.34)
> 46 years (n=5) 0.85(0.81-0.88) 62% 0.77 (0.64-0.86) 89% 3.68(2.27-5.97)  0.20 (0.16-0.25)
Body mass index (above the median)
<27kg/m’(n=8) 0.79 (0.71-0.85) 81% 0.85(0.78-0.90) 85% 5.42(3.50-8.39) 0.24(0.17-0.35)
>27 kg/m’(n=4)° 0.85 (0.81-0.88) 40% 0.65(0.57-0.72) 72% 2.44(2.01-297)  0.23(0.19-0.29)

*The study by Ballestri et al™® was included only in the subgroup analysis of studies involving patients with chronic viral hepatitis B or C, but not
in the subgroup analysis of patients with NAFLD, because there were no false positive or true negative cases with = 5% histologically defined HS

in the group of NAFLD patients. *This subgroup included three bariatric studies

[26,30,31]

and the study by Petzold et al.

34] .
B4 with an overall mean BMI

of 38.5 kg/m2 for these four studies. HS: Hepatic steatosis; Cl: confidence interval; LR+: positive likelihood ratio; LR-: negative likelihood ratio.

Panel A

Panel B

Studyld| |
| SENSITIVITY (95% CI)
|
Reizeld & Ed 0.76 [0.61 - 0.88]
Ballestri S| il -G
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Figure 1. Overall sensitivity and specificity of ultrasonography to detect = 5% histologically defined hepatic steatosis (HS) (A) and the
summary receiver-operating characteristic (ROC) curve plots showing the test accuracy of ultrasonography compared to histology to
distinguish between presence of =2 5% histologically defined HS and the absence of HS (B) in 12 eligible studies.

diagnostic accuracy of ultrasonography for the detection of 2 30% histologically defined HS (85% sensitivity
and 85% specificity) appears to be very similar to that previously reported in the meta-analysis of
Hernaez et al."’, who showed 84.8% sensitivity and 93.6% specificity for the ultrasound detection of
moderate-severe HS compared to histology".
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Figure 2. Fagan's nomogram for ultrasonography to detect = 5% histologically defined hepatic steatosis (HS) from the absence of HS.

The reasons for the improved diagnostic accuracy of ultrasonography for the detection of 2 5%
histologically defined HS in our meta-analysis, compared with that of Hernaez et al."” published over a
decade ago, are not apparent. However, it is important to remember that we only included studies published
during the last decade, whereas Hernaez et al."” included studies published between 1979 and 2010. Thus,
we consider that this improved diagnostic accuracy of ultrasonography for the detection of = 5%
histologically defined HS could be, in large part, due to technical evolution/improvement in the
ultrasonographic equipment and increased operator awareness of HS over the last years.
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Figure 3. Overall sensitivity and specificity of ultrasonography to detect 2 30% (moderate-severe) histologically defined hepatic
steatosis (HS) (A) and the summary receiver-operating characteristic (ROC) curve plots showing the test accuracy of ultrasonography
compared to histology to distinguish between presence of moderate-severe HS and the absence of HS (B) in seven eligible studies.

By definition, the presence of HS is a prerequisite for the diagnosis of NAFLD"”. In NAFLD, the presence
of imaging-defined or biopsy-proven HS is associated with liver disease progression and predicts overall
mortality and the risk of incident T2DM and other extra-hepatic diseases*******. Consistently, improvement
or resolution of HS on ultrasonography decreases the risk of incident T2DM in patients with NAFLD"".
Furthermore, HS has recently been identified as a major diagnostic and therapeutic target in NAFLD!
Accumulating clinical evidence shows that lifestyle changes and various drug treatment options may
improve HS"**". Therefore, the ability to monitor HS over time using non-invasive imaging methods is
crucial in routine clinical practice to gauge treatment responses. Collectively, the findings of our meta-
analysis support a wider clinical use of liver ultrasonography, which is a cheap, reproducible, and globally
available tool that is both sensitive and specific in identifying HS of varying severity. Additionally,
assessment of HS by the most recent ultrasonography equipment may be combined with the non-invasive
measurement of liver fibrosis to assess the severity of NAFLD and its inherent cardiovascular risk**..

38-41]

New ultrasound techniques, including controlled attenuation parameter (CAP) obtained by transient
elastography (Fibroscan®, Echosens, Paris), have also been proposed to quantitatively assess HS".
Fibroscan® equipped with CAP has shown a good accuracy for detecting HS and has the advantage of
simultaneously estimating liver fibrosis, being coupled with liver stiffness measurement"**”. Moreover,
spleen size, as assessed by ultrasonography, might be also useful for staging NAFLD, since a larger spleen
volume has been associated with the more advanced forms of NAFLD (cirrhosis)".

Our meta-analysis has some important limitations that should be mentioned. Firstly, we did not include
other newer ultrasound techniques (e.g., sonographic hepato-renal index) that could further improve
quantification of low levels of HS. Secondly, the eligible studies did not provide any specific data about the
diagnostic accuracy of conventional ultrasonography for the differential detection of mild HS (defined by
less than 30% steatotic hepatocytes on histology) and moderate-severe HS (2 30% steatotic hepatocytes).
Thirdly, we did not have individual patient data and, therefore, were unable to test the diagnostic
performance of liver ultrasonography in specific patient subgroups.
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Figure 4. Cally-Fagan's nomogram for ultrasonography to detect moderate-severe hepatic steatosis (HS) from the absence of HS.

In conclusion, by evaluating the diagnostic accuracy of conventional ultrasonography for the detection of
either 2 5% histologically defined HS or moderate-severe HS, we found that ultrasonography is both
sensitive and specific in identifying HS, in its mild as well as severe form, as compared to liver histology.
These findings call for a more extensive use of conventional ultrasonography both in clinics and in research.
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