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Abstract: The prevalence of fatty liver disease (FLD) and that of non-alcoholic fatty liver disease
(NAFLD) share some risk factors known to exacerbate the course of acute pancreatitis (AP).
This meta-analysis aimed to investigate whether FLD or NAFLD carry a higher risk of untoward
outcomes in AP. In accordance with PRISMA guidelines, we performed a systematic search in seven
medical databases for cohort studies that compared the outcomes of AP for the presence of FLD or
NAFLD, and we calculated pooled odds ratio (OR) or weighted mean difference (WMD) with 95%
confidence interval (CI). We included 13 articles in our meta-analysis. AP patients with FLD were more
likely to die (5.09% vs 1.89%, OR = 3.56, CI = 1.75-7.22), develop severe AP (16.33% vs 7.87%, OR = 2.67,
CI = 2.01-3.56), necrotizing pancreatitis (34.83% vs 15.75%, OR = 3.08, CI = 2.44-3.90) and had longer
in-hospital stay (10.8 vs 9.2 days, WMD = 1.46, OR = 0.54-2.39). Patients with NAFLD were more
likely to have severe AP and longer hospital stay. Both FLD and NAFLD proved to be independent
risk factors of a more severe disease course (OR = 3.68, CI = 2.16-6.29 and OR = 3.39, CI = 1.52-7.56
for moderate/ severe vs. mild AP, respectively). FLD and NAFLD worsen the outcomes of AP, which
suggests that incorporating FLD or NAFLD into prognostic scoring systems of AP outcomes might
improve the prediction of severity and contribute to a more individualized patient care.

Keywords: acute pancreatitis; fatty liver disease; non-alcoholic fatty liver disease; hepatology;
pancreatology; prognosis

1. Introduction

Fatty liver disease (FLD) is becoming increasingly common in the Western world, affecting about
25% of the population globally [1]. FLD is a clinicopathologic entity with a histological spectrum that
includes simple steatosis and steatohepatitis, also it encompasses a broad variety of etiology. The most
common causes of FLD are non-alcoholic fatty liver disease (NAFLD) associated with metabolic
syndrome (MetS), alcohol abuse alone or in association with hypertriglyceridemia, and the combination
of the causes above. It is widely known that there is a bidirectional association between NAFLD and
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components of MetS [2]. The presence of NAFLD increases the risk of cardiovascular diseases, type 2
diabetes mellitus, chronic kidney disease, liver cirrhosis, and liver cancer [3].

Acute pancreatitis (AP) is a common acute gastrointestinal disease, posing a substantial social and
economic burden [4]. Although the mortality of AP has been decreasing in the past decades, it is still
between 2-5% and it remains high, up to 15-25% in subgroups of patients with severe AP, depending
on the extent of necrosis and systemic complications [5].

Based on the guidelines issued by the International Association of Pancreatology (IAP) and
the American Pancreatic Association (APA), on admission of patients with AP, a three-dimensional
approach is recommended for predicting the outcome of AP, combining host risk factors, clinical risk
stratification and response to initial therapy [6]. Several prognostic tools have been developed for
the early prediction of severe AP and mortality, based on demography, clinical signs and symptoms,
laboratory studies and imaging, composing numerous scoring systems (e.g., Bedside Index of Severity
in Acute Pancreatitis—BISAP [7], 48 h Acute Physiology and Chronic Health Evaluation—APACHE II
score [8], Ranson scores [9], Computed Tomography Severity Index—CTSI [10]). A recent meta-analysis
showed that scoring systems have comparable diagnostic accuracy to predict severe AP with area
under the curve ranging from 0.73 to 0.83 [11].

The presence of MetS is a proven risk factor of severe AP [12,13]. Pre-existing diabetes mellitus
negatively influences the outcome of AP and increases the risk of renal failure, local complications,
intensive care compared with the non-diabetic group [14]. Obesity is another risk factor in AP;
obese patients have a three-fold increased risk of mortality compared to those with a BMI < 30 [15].
High triglyceride level is also a risk factor, serum triglyceride level higher than 5.6 mmol/L significantly
increases the mortality rate (OR = 2.75, 95% CI = 1.28-5.92, p < 0.01) [16]. An experimental study in rat
AP model demonstrated that the presence of FLD increased pro-inflammatory cytokine production,
which may worsen the course of the disease [17]. Cross-sectional studies confirmed that AP is often
accompanied by FLD, with a prevalence between 18-43% [18,19].

Since FLD or NAFLD is common in diabetes or obesity worsening the course of AD, it may also
act as a potential risk factor in AP. This meta-analysis aimed to investigate whether FLD or NAFLD is
associated with a less favorable disease course in AP.

2. Methods and Materials

Our study is reported according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) 2019 Statement [20]. The study protocol was registered in PROSPERO under
registration number CRD42019123416 (see https://wwuw.crd.york.ac.uk/prospero).

2.1. Literature Search

A systematic literature search was performed in seven medical databases (PubMed, EMBASE,
Web of Science, CENTRAL, WHO global health library, Scopus, and ClinicalTrial.gov) from inception
to 13th of November 2019 with the query pancreatitis AND (“fatty liver” OR FLD OR NAFLD OR
steatohepatitis OR steatosis). We used no language or other restrictions. Additionally, we manually
searched for relevant review articles and checked the bibliographic reference lists of studies selected
for inclusion in our meta-analysis.

We included studies, discussing adult patients (P) with AP of different etiologies. We compared
patients with FLD or NAFLD (E) to those without FLD or NAFLD (C). The eligible studies were supposed
to define FLD or NAFLD based on abdominal imaging (ultrasound—US, computed tomography—CT
scan, magnetic resonance imaging—MRI) or liver biopsy. In NAFLD the amount of alcohol consumed
should also be defined. The primary outcome (O) was in-hospital mortality, secondary outcomes
included AP severity [4], local complications (acute peripancreatic fluid collection—APFC, acute necrotic
collection—ANC, pancreatic pseudocyst—PP), systemic inflammatory response syndrome (SIRS),
and the length of hospitalization (LOH). We narrowed the focus to longitudinal studies.
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2.2. Study Selection and Data Collection

We followed the recommendation of the Cochrane Handbook [21]. Two independent investigators
(S.V., S.Z.) selected the studies, using EndNote X7.4 (Clarivate Analytics, Philadelphia, PA, USA).
After removing duplicates, publications were screened for title and abstract. Two reviewers (S.V., S.Z.)
assessed the studies meeting the eligibility criteria (PECO) for full-text. Conference abstracts reporting
relevant data were also included. Disagreements were resolved by third party arbitration (P.H.).

The most recent publication was chosen in the case of multiple publications on the same cohort
of patients.

Data were extracted independently by two investigators (S.V., Z.S.) into a pre-defined Excel
datasheet (Office 365, Microsoft, Redmond, WA, USA). The following data were collected: first author,
year of publication, study period, study design, demographic data, sample sizes, mean age,
female percentage, details on the PECO question and data necessary for risk of bias assessment.
For statistical analysis, we extracted raw data into 2 by 2 tables (outcome yes/no, FLD or NAFLD
yes/no) and odds ratios (OR) for each outcome.

Graphical data were also extracted using GetData Graph Digitizer 2.26 software (S. Fedorov 2013,
Russia, http://getdata-graph-digitizer.com).

2.3. Statistical Analysis

Meta-analytical calculations were performed in Stata 15.1 data analysis and statistical software
(Stata Corp LLC, College Station, TX, USA) and Comprehensive Meta-Analysis (version 3, Biostat Inc.,
Englewood, NJ, USA) by a statistician (D.N.). For FLD vs. no-FLD and NAFLD vs no-NAFLD
comparisons, we calculated pooled OR with 95% confidence interval (CI) with the random-effects
model using the DerSimonian-Laird method [22] for in-hospital mortality, severity of AP, risk of local
complications (ANC, APFC, PP) and SIRS, and weighted mean difference (WMD) with 95%CI for LOH.

Heterogeneity was tested by using the Cochrane’s Q and the I? statistics, where 1> = 100%
x (Q — df)/Q, and represents the magnitude of the heterogeneity (moderate: 30-60%, substantial:
50-90%, considerable: 75-100%). A p-value of less than 0.10 was considered suggestive of significant
heterogeneity [23].

We performed sensitivity analysis (leave-one-out method) if at least three studies were included
in an analysis by testing the effect of each study on the main association.

To test the presence of small-study effect we assessed the symmetry of the funnel plot visually.

2.4. Risk of Bias and Quality Assessment of the Individual Studies

A critical appraisal tool for prognostic studies, the Quality in Prognosis Studies (QUIPS) tool was
used to assess the methodological quality of the included studies [24]. Two independent investigators
(5.V., Z.S.) assessed the risk of bias; disagreements were resolved by discussion or by a third investigator.
The main domain “study attrition” and further items not fitting our meta-analysis were omitted due to
the retrospective design of the included studies.

2.5. Details of Ethical Approval

No ethical approval was required for this review as all data were already published in peer
reviewed journals. No patients were involved in the design, conduct or interpretation of our review.

3. Results

3.1. Search and Selection

Altogether 15 articles were eligible to be included in the systematic review, 13 of which in the
meta-analysis. The details of the literature search are included in Figure 1. On full-text assessment we
excluded six studies due to inappropriate study design; details are presented in Appendix S1.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart

for the study selection procedure.

3.2. Characteristics of the Studies Included in the Meta-Analysis

The main characteristics of the included studies are summarized in Table 1. All studies were

retrospective cohort studies.

The Revised Atlanta Classification [4] and the Atlanta Classification of 1992 [25] were used in 11
of the included articles; furthermore, CTSI and magnetic resonance severity index—MRSI [10] were
also used for AP severity classification.

The prevalence of FLD and NAFLD ranged from 18 to 82%, and from 24 to 58%, respectively. FLD
and NAFLD was diagnosed using an unenhanced abdominal CT scan in 6 of 13 articles. Other studies
used abdominal US or MRI to diagnose FLD or NAFLD, 2 out of 13 articles did not report the used
method. Eligibility criteria from the studies included are summarized in Table S2.
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Table 1. Characteristics of the studies included in the systematic review and meta-analysis.
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: conference abstract; ¥: AP diagnostic criteria were based on abdominal pain and serum pancreatic enzyme elevation; $: outcome assessed by adjusted analysis from logistic regression; 2

out of 3 criteria: 1. abdominal pain, 2. laboratory findings, 3. abdominal imaging [4]; AFLD: alcoholic fatty liver disease; ANC: acute necrotic collection; AP: acute pancreatitis; APACHE-II:
“Acute Physiology, Age, Chronic Health Evaluation II”; APFC: acute peripancreatic fluid collection; BISAP: bedside index for severity in acute pancreatitis; CT: computed tomography;
CTSI: CT severity index; Etiology A: alcohol abuse, G: gallstone disease, H: hypertriglyceridemia induced; ICU: intensive-care unit; ICD-10: International Statistical Classification of
Diseases and Related Health Problems 10th revision; FLD: fatty liver disease; HA: hepatic attenuation; HAI: hepatic attenuation index; LD: liver density; LOH: length of hospitalization;
MRI: magnetic resonance imaging; MRSI: magnetic resonance severity index; NAFLD: non-alcoholic fatty liver disease; PP: pancreatic pseudocyst; SIRS: systemic inflammatory response

syndrome; US: abdominal ultrasound; USA: United States of America.
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3.3. Findings of Meta-Analysis: FLD vs. No FLD

Our findings are summarized in Table 2.

In patients with AP, the odds of in-hospital mortality (5.09 vs. 1.89%; OR = 3.56, CI: 1.77-8.28;
Figure 2), composite of moderately severe and severe AP (48.02 vs. 24.34%; OR = 3.14, CI: 1.87-5.25;
Figure 3), and the odds of severe AP alone (16.33 vs. 7.87%; OR = 2.67, CI: 2.01-3.56; Figure S1) was
higher in the FLD group compared with those without FLD.

In the subgroup of studies using the Atlanta 1992 classification for AP classification, in the FLD
group the odds of severe AP was significantly higher (OR = 4.70, CI: 2.65-8.32; Figure S2).

In multivariate analysis (Figure 4), there was an independent association between FLD and the
odds of moderately severe/ severe AP based on five studies (OR = 3.68, CI: 2.16-6.29). Details of the
multivariate analysis adjustments in the included studies are summarized in Table S3.

The proportion of acute necrotic collection (34.83 vs. 15.75%), acute peripancreatic collection
(44.55 vs 17.73%), and peripancreatic pseudocyst (14.24 vs. 5.34) was higher in AP patients with FLD
compared with the group without FLD (Figure 5). SIRS was also more frequent in AP patients with
FLD (38.19 vs 18.63%; Figure S4).

Based on five articles, LOH was longer among patients with FLD than in the non-FLD patient
group (WMD = 1.46 days, CI: 0.54-2.39 days; Figure S5).

The results of the heterogeneity analysis are presented in the figures corresponding to the assessed
outcomes (Figures 2-5; Figures S1-55).

Table 2. Summary of findings.

NO of Studies Odds Ratio

Outcome (NO of PTS) (95% CI) P (%) Chi*
FLD vs no-FLD

Mortality 7 (5031) 3.56 (1.77-8.28) 43.2 0.103

Composite of MSAP and SAP (uni) 7 (5302) 3.14 (1.87-5.25) 91.5 0
Composite of MSAP and SAP (multi) ¥ 5 (NR) 3.68 (2.16-6.29) 65.6 0.020
SAP by Atlanta 2012 8 (4931) 2.67 (2.01-3.56) 32.0 0.173
SAP by Atlanta 1992 2 (268) 4.70 (2.65-8.32) 0 0.634
Acute necrotic collection 5 (3929) 3.08 (2.44-3.90) 17.5 0.303
Acute peripancreatic fluid collection 3 (1150) 3.27 (1.97-5.42) 57.9 0.093
Pancreatic pseudocyst 3 (1130) 2.69 (1.64—4.40) 0 0.715
SIRS 4 (3634) 2.39 (1.74-3.28) 47 0.129
Length of hospital stay 5 (1955) 1.46 (0.54-2.39) t 40.7 0.150

NAFLD vs no-NAFLD

Mortality 2 (1396) 2.81 (0.39-20.03) 68.7 0.074

Composite of MSAP and SAP (uni) 5 (4910) 2.64 (1.37-5.11) 94 0
Composite of MSAP and SAP (multi) ¥ 3 (NR) 3.39 (1.52-7.56) 79.2 0.008
SAP by Atlanta 2012 3 (4085) 2.21 (1.70-2.88) 0 0.806
Length of hospital stay 3 (1647) 1.41(0.03-2.7) * 68.5 0.042

CI = confidence interval, FLD = fatty liver disease, 12 and Chi2 = heterogeneity, MSAP = moderately severe
acute pancreatitis, NAFLD = non-alcoholic fatty liver disease, SAP = severe acute pancreatitis, SIRS = systemic
inflammatory response syndrome; ¥ Length of hospital stay results are represented as weighted mean differences
with 95% CI, values represent days; ¥ parameters included in multivariate analyses in the included studies are
summarized in Table S3.



J. Clin. Med. 2020, 9, 2698 8 of 15

Died/ Overall
Studies OR (95% CI) FLD no-FLD % Weight
Overall FLD vs no-FLD
Xiao B. et al (2012) 1.00 (0.02, 65.23) 0/33 onT7 269
Mikolasevic |. et al (2016) I = 1.30 (0.63, 2.67) 11/198 27/624 29.68
Xu C. etal (2015) —1— 402 (2.47,6.55) 31/480 37/2191 35.57
Peng Z.H. et al (2012) 5.18 (0.69, 38.79) 23/498 1/108 9.61
Jasdanwala S. (2014) s 10.11 (1.17, 87.12) 5/193 1/381 8.64
Yoon S.B. etal (2017) 10.42 (0.74, 147.32) 3/67 0/133 6.13
Satapathy S. et al (2011) — 12.60 (1.24, 127 .59) 3/23 1/85 7.68
Overall (12=43.2%, p=0.103) <> 3.56 (1.75,7.22) 76/1492 67/3539 100.00
NAFLD vs no-NAFLD
Mikolasevic |. et al (2016) N = 1.30 (0.63, 2.67) 11/198 27/624 62.50
Jasdanwala S. (2014) —_— 10.11 (1.17, 87.12) 5/193 1/381 37.50
| ——
Subtotal (I = 68.7%, p = 0.074) <:\_> 2.81 (0.39, 20.03) 16/391 28/1005 100.00
NOTE: Weights are from random effects analysis
T T
.003 1 300
Protective factor Risk factor

Figure 2. Forest plots of studies evaluating the association between fatty liver disease or non-alcoholic
fatty liver disease and overall survival of patients with acute pancreatitis; CI: confidence interval, OR:

odds ratio.
Moderately severe and
severe AP/ overall
Studies OR (95% CI) FLD no-FLD % Weight

Overall FLD vs no-FLD i
I
i

Dou J. et al (2017) — 0.60(0.37,0.99) 49/117 73/134 14.16
Wu D. et al (2019) .l 2.45(1.73,3.47) 158/378 63/278  15.21
Xu C. etal (2015) — 2.64(2.16,3.24) 222/480 538/2191 15.93
Mikolaseic I. et al (2016) — 4.04(2.89,5.65) 112/198 152/624 15.28
Jia J. et al (2018) e 4.20 (1.95,9.03) 42/56 30/72 12.02
Yoon S.B. et al (2017) T 5.47 (2.87,10.43) 48/67 42/133 13.01
Jasdanwala S. (2014) . 9.02 (5.64, 14.41) 84/193  30/381 14.39
Overall (2 =91.5%, p = 0.000) <> 3.14 (1.87,5.25) 715/1489 928/3813 100.00
NAFLD vs no-NAFLD

Dou J. et al (2017) - 0.60 (0.37,0.99) 49/117 731134 19.12
Xu C. etal (2015) = 2.32(1.81,2.98) 129/2900 594/2317 20.85
WuD. etal (2019) — 2.45(1.73,3.47) 158/378 63/278  20.28
Mikolaseic 1. et al (2016) T 4.04 (2.89,5.65) 112/198 152/624 20.36
Jasdanwala S. (2014) —— 9.02 (5.64, 14.41) 84/193 30/381 19.38
Subtotal (12 =94.0%, p = 0.000) <:> 2.64 (1.37,5.11) 532/1176 912/3734 100.00

NOTE: Weights are from random effects analysis
T T
A 1 20
Protective factor Risk factor

Figure 3. Forest plots of studies evaluating the association between fatty liver disease (FLD) or
non-alcoholic fatty liver disease (NAFLD) and disease severity of acute pancreatitis (AP). We compared
the odds of moderately severe/severe vs mild AP in patients with and without FLD/NAFLD; CI:
confidence interval, OR: odds ratio.
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28.87
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Figure 4. Forest plots of studies evaluating the association between fatty liver disease (FLD) or

non-alcoholic fatty liver disease (NAFLD) and disease severity of acute pancreatitis (AP). Logistic

regression analysis results were pooled, comparing the odds of moderately severe/severe vs mild AP in
patients with and without FLD/ NAFLD; CI: confidence interval, OR: odds ratio.
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Figure 5. Forest plots of studies evaluating the association between fatty liver disease and the odds of
local complications (necrotizing pancreatitis, peripancreatic fluid collection and pancreatic pseudocyst)
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3.4. Findings of Meta-Analysis: NAFLD vs. No NAFLD

Although mortality in the NAFLD group was higher compared to those without it, the difference
failed to attain the level of significance (OR = 2.81, CI: 0.39-20.03; Figure 2). Based on five articles,
the course of AP was more severe in patients with NAFLD, the odds of moderately severe/severe AP
was 2.64 higher (OR = 2.64, CI: 1.37-5.11; Figure 3). The odds to develop severe AP was also higher in
the NAFLD group (OR = 2.21, CI: 1.70-2.88; Figure S3).

Based on 3 articles, NAFLD was an independent predictor of severe AP (OR = 3.39, CI: 1.52-7.56;
Figure 4).

Patients with NAFLD tended to have longer hospital stay (WMD = 1.41 days, CI: 0.03-2.79 days;
Figure S5).

3.5. Additional Analysis

The risk of bias and quality assessment of the individual studies are summarized in Table S4.
Details of the risk of bias assessment are included in Appendix S1.

Funnel plots can be found in Figures 56, S7 and S8. According to the results, we did not observe
evidence of publication bias when assessing funnel plots visually.

Sensitivity analysis, except for one outcome, showed no significant difference. When we removed
the study of Yoon et al. [37] from the forest plot with the odds of pancreatic pseudocyst, the results
became non-significant (OR = 2.09; CI: 0.97-4.55).

4. Discussion

As we know, this is the first meta-analysis to analyze the risk of multiple outcomes in AP patients
with NAFLD.

Previously, only one meta-analysis that included a limited number of articles reported increased
AP severity in FLD patients [39]. In this analysis, they reported on the severity of AP in patients with
and without FLD, even though one of the included articles in their analysis reported on the association
between severe FLD and AP severity. They did not manage to make a difference between FLD etiologies
(alcoholic, non-alcoholic, metabolic etc.), even though it could have an impact on AP severity.

FLD is known to be associated with increased cardiovascular mortality and elevated risk of chronic
kidney disease [40]. Fatty liver is common in AP patients because both conditions share contributing
factors such as obesity, alcohol abuse, or hyperlipidemia, but its association with the prognosis of AP is
still unclear.

Based on pooled data, AP patients with FLD were more likely to die during in-hospital stay
than those in the non-FLD group. Eight of the included articles in this meta-analysis found a clear
association between FLD and the development of severe AP. The rate of moderately severe/severe AP
was also higher in AP patients with NAFLD, with significantly longer in-hospital stay, however the
rate of mortality did not reach a significant difference. Overall, AP patients with FLD and NAFLD
had a more severe disease course, an increased risk for the development of both local and systemic
complications, and also a longer in-hospital stay.

Guidelines recommend performing a contrast-enhanced CT scan within 72 h-96 h after the
onset of the AP symptoms [6]. Combined unenhanced and enhanced CT scans may be useful in
assessing the status of both AP and FLD [37]. Studies that used CT scan and US or other methods
(US elastography, MR, etc.) have all shown acceptable levels of sensitivity for detecting FLD [3,41].
According to international guidelines, US should be used on the first hand to diagnose FLD since it is
more widely available and cheaper than the gold standard MRI. However, US has limited specificity
and does not reliably detect steatosis when <20%, compared to the MRI that can detect 5% fat in the
liver. Another clinically available imaging technique, the controlled attenuation parameter (CAP) can
diagnose FLD which classifies the steatosis in three grades based on the amount of liver with fatty
change [3].
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Significant heterogeneity could be observed among the cause of AP and FLD. According to
Yoon et al. [37], a strong trend between the presence of FLD and AP severity was observed regardless
of the cause of pancreatitis (alcoholic vs. non-alcoholic). Xu et al. [18] have found no difference in
AP severity when comparing alcoholic FLD with NAFLD. In both cases the course of AP was worse
compared to non-FLD patients.

MetS is often seen in patients with FLD. According to Szentesi et al. [13], the presence of two,
three, or four MetS factors significantly increased the rate of worse outcome parameters by 9.5, 24.1,
and 66.7%, respectively. In this analysis, only hypertriglyceridemia was independently associated with
a more severe course of AP (OR = 3.41, 95%CI: 1.39-8.37).

Based on four articles [18,19,32,42], the severity of FLD affects AP outcomes. All these findings
imply that the severity of FLD has a negative impact on the course of AP. Wang et al. [43] also reported
a higher rate of severe AP in patients with severe FLD. On the other hand, the course of AP was more
severe in cirrhotic patients [44]; however, the higher rate of mortality was attributed to complications
of cirrhosis.

Results regarding AP severity defined by score systems were also reported in five of the included
studies. Significantly higher BISAP scores (mean BISAP 0.813 vs. 0.544, p < 0.01) [28] and in two
articles significantly higher CTSI scores were reported in FLD patients compared to non-FLD patients
(mean CTSI 29 vs. 1.1, p < 0.01 and 4 vs. 2.2, p < 0.05) [30,33]. APACHE-II score was also significantly
higher (mean APACHE-II 8.4 vs. 7.2, p < 0.01) in one of the included studies [30].

Four of the included articles suggested the incorporation of FLD into prognostic tools, but only
Hao et al. [27] analyzed the effect of inclusion of FLD in the APACHE-II score system. They reported
increased sensitivity and specificity when predicting severe AP (78.1% vs 85.4% and 86.2% vs 75.5%).

While Ding et al. [45] reported a non-significant effect of FLD on pancreatic necrosis infection
(OR =0.971; 95% CI: 0.45-2.08), another study reported an increased risk of infection in AP patients
with FLD (46.5% vs. 38%, p < 0.05) [18]. Satapathy et al. [33] reported an increased need for antibiotics
in AP patients with FLD (69.6% vs. 30.6%). This data was only represented in a few articles and
therefore was not suitable for quantitative analysis.

FLD was also associated with increased hospital readmission of patients with AP (OR = 3.48,
95% CI: 1.70-7.11). However, data were collected retrospectively and admission diagnosis of acute or
chronic pancreatitis were screened together regarding later readmission with a pancreatitis-related
diagnosis [34].

According to Yuan et al. [38], fatty liver was a risk factor for abnormal fasting blood glucose levels
(HR = 1.869, 95% CI = 1.16-3.01) after the first episode of AP. The median follow-up period in the study
was three years; however, the definition of FLD was not reported. None of the included studies in the
analysis discussed long-term complications.

Strengths and Limitations

Our meta-analysis has several strengths, most importantly, the rigorous methodology.
We performed a systematic search followed by reproducible selection and data extraction. The strengths
of this study also include the covariate-adjusted for AP severity and the high number of AP cases.

Several limitations should be taken into consideration when interpreting our conclusions. First,
we included conference abstracts to reduce the risk of publication bias, but these are often lacking
details; therefore, they are subjected to a potential risk of bias. Due to the low number of studies
included (<10), we were unable to test if publication bias affects the results. All the included articles
were retrospective, single-center cohort studies. Most of the study populations came from Asia, with a
potential bias when making general conclusions, and may not be representative of other geographical
regions. The diagnosis of AP and FLD was not uniformly used in the included articles. Neither of the
included studies confirmed FLD in patients with liver biopsy. Not all the included articles reported the
timing of repeated abdominal imaging; therefore, a potential heterogeneity is present in the rate of local
complications. Significant heterogeneity could be found in some of the results (severity, independent
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risk, and peripancreatic fluid collection). Sensitivity analysis showed significant difference just in the
case of one outcome (the odds of pancreatic pseudocyst).

Risk factors included in the individual logistic regression analysis were not uniform between the
studies (Appendix S1).

5. Conclusions

5.1. Implication for Practice

Our results showed that FLD and NAFLD worsen the course of AP. FLD and NAFLD can be
easily diagnosed by abdominal US (affordable, non-invasive investigation) or abdominal CT scan
(high sensitivity and specificity). We suggest that, compared to the current practice, a different approach
should be taken into consideration in AP patients, and an initial non-invasive assessment of not only
the pancreas but also the liver to detect fatty liver may be beneficial for patients with AP and may help
to consider more individualized patient care.

5.2. Implication for Research

Since FLD and NAFLD may have an essential impact on AP outcomes, we suggest the incorporation
of the assessment of FLD and NAFLD into the prognostic tools applied in the case of AP. Long-term
complications were not assessed in the included studies; follow-up results are needed. AP associated
with FLD may result in higher health care utilization and costs of medical services. The detailed
economic impact of the FLD and NAFLD should be analyzed in patients with AP. Possible treatment
options to decrease the increased risks of AP complications should be researched.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/9/2698/s1,
Table S1: PRISMA checklist, Table S2: Inclusion and/or exclusion criteria in each included study in the systematic
review and meta-analysis, Table S3: Factors included in multivariate logistic regression analyses, Table S4: Risk
of bias assessment using QUIPS (Quality In Prognosis Studies) tool; Figure S1: Odds ratio of severe AP vs mild
and moderately severe AP, comparing patients with FLD vs no-FLD, Figure S2: Odds ratio of severe AP vs
mild AP, comparing patients with FLD vs no-FLD. Acute pancreatitis severity was defined based on the Atlanta
Classification (1992) into mild and severe AP, Figure S3: Odds ratio of severe AP vs mild and moderately severe
AP, comparing patients with NAFLD vs no-NAFLD, Figure S4: Forest plot representing the odds of SIRS in
FLD and no-FLD patients suffering from AP. SIRS was defined as 2 or more of the included criteria, Figure S5:
Forest plot representing the differences in length of hospitalization in FLD and no-FLD patients suffering from AP.
Subgroup analysis with AP patients with NAFLD was also represented graphically. Data is described as number
of patients included in the analysis (n) and mean hospital stay with standard deviation (SD), Figure S6: Funnel
plot with pseudo 95% confidence intervals with included studies on Figure 2, Figure S7: Funnel plot with pseudo
95% confidence intervals with included studies on Figure 3, Figure S8: Funnel plot with pseudo 95% confidence
intervals with included studies on Figure S1; Appendix S1: Results, Risk of bias assessment between studies.

Author Contributions: G.P. and S.V. designed the research and the study concept; S.V. and Z.S. performed the
data extraction; D.N. analyzed and interpreted the data; S.V. and Z.S. performed the quality and risk assessment.
S.V,ZS.,P]H,DP,AM.,BE., AE, and G.P. wrote the article; G.P. supervised the study; G.P. and P.H. conducted
a critical revision of the manuscript for important intellectual content. All authors have read and agreed to the
published version of the manuscript.

Funding: Study costs are covered by the Economic Development and Innovation Operative Programme
Grant (GINOP-2.3.2-15-2016-00048) and by the Human Resources Development Operational Programme Grant
(EFOP-3.6.2-16-2017-00006), both co-financed by the European Union (European Regional Development Fund)
within the framework of Széchenyi 2020 Program. The sponsors had no role in the design, data collection, analysis,
interpretation, or preparation of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.


http://www.mdpi.com/2077-0383/9/9/2698/s1

J. Clin. Med. 2020, 9, 2698 13 0f 15

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of
nonalcoholic fatty liver disease—Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology
2016, 64, 73-84. [CrossRef] [PubMed]

Chalasani, N.; Younossi, Z.; Lavine, J.E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, EM.;
Sanyal, A.]J. The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the
American Association for the Study of Liver Diseases. Hepatology 2018, 67, 328-357. [CrossRef] [PubMed]
EASL-EASD-EASO. Clinical Practice Guidelines for the management of non-alcoholic fatty liver disease.
J. Hepatol. 2016, 64, 1388-1402. [CrossRef] [PubMed]

Banks, P.A.; Bollen, T.L.; Dervenis, C.; Gooszen, H.G.; Johnson, C.D.; Sarr, M.G.; Tsiotos, G.G.; Vege, S.S.
Classification of acute pancreatitis—2012: Revision of the Atlanta classification and definitions by international
consensus. Gut 2013, 62, 102. [CrossRef] [PubMed]

Parniczky, A.; Kui, B.; Szentesi, A.; Balazs, A.; Szfics, A.; Mosztbacher, D.; Czimmer, J.; Sarlés, P; Bajor, J.;
Gobdi, S.; et al. Prospective, multicentre, nationwide clinical data from 600 cases of acute pancreatitis.
PLoS ONE 2016, 11, e0165309. [CrossRef] [PubMed]

Besselink, M.; van Santvoort, H.; Freeman, M.; Gardner, T.; Mayerle, J.; Vege, S.S.; Werner, J.; Banks, P.;
McKay, C.; Fernandez-del Castillo, C. IAP/APA evidence-based guidelines for the management of acute
pancreatitis. Pancreatology 2013, 13, E1-E15.

Wu, B.; Johannes, R.; Sun, X.; Tabak, Y.; Conwell, D.; Banks, P. The early prediction of mortality in acute
pancreatitis: A large population-based study. Gut 2008, 57, 1698. [CrossRef]

Khan, A.A.; Parekh, D.; Cho, Y,; Ruiz, R;; Selby, R.R.; Jabbour, N.; Genyk, Y.S.; Mateo, R. Improved prediction
of outcome in patients with severe acute pancreatitis by the APACHE II score at 48 hours after hospital
admission compared with the APACHE II score at admission. AMA Arch. Surg. 2002, 137, 1136-1140.
[CrossRef]

Ranson, ]J.H.; Rifkind, K.M.; Roses, D.F; Fink, S.D.; Eng, K.; Spencer, F.C. Prognostic signs and the role of
operative management in acute pancreatitis. Surg. Gynecol. Obstet. 1974, 139, 69-81.

Balthazar, E.J. Acute pancreatitis: Assessment of severity with clinical and CT evaluation. Radiology 2002,
223, 603-613. [CrossRef]

Miko, A.; Vigh, E.; Matrai, P; Soos, A.; Garami, A.; Balasko, M.; Czako, L.; Mosdosi, B.; Sarlos, P; Eross, B.;
et al. Computed tomography severity index vs. other indices in the prediction of severity and mortality in
acute pancreatitis: A predictive accuracy meta-analysis. Front. Physiol. 2019, 10, 1002. [CrossRef] [PubMed]
Mikolasevic, I.; Milic, S.; Orlic, L.; Poropat, G.; Jakopcic, I; Franjic, N.; Klanac, A.; Kristo, N.; Stimac, D.
Metabolic syndrome and acute pancreatitis. Eur. J. Intern. Med. 2016, 32, 79-83. [CrossRef] [PubMed]
Szentesi, A.; Parniczky, A.; Vincze, A; Bajor, J.; Godi, S.; Sarlds, P.; Gede, N.; 1zbéki, F.; Halasz, A.; Marta, K.;
et al. Multiple hits in acute pancreatitis: Components of metabolic syndrome synergize each other’s
deteriorating effects. Front. Physiol. 2019, 10, 1202. [CrossRef] [PubMed]

Miko, A.; Farkas, N.; Garami, A.; Szabo, L.; Vincze, A.; Veres, G.; Bajor, J.; Alizadeh, H.; Rakonczay, Z., Jr.;
Vigh, E.; et al. Preexisting diabetes elevates risk of local and systemic complications in acute pancreatitis:
Systematic review and meta-analysis. Pancreas 2018, 47, 917-923. [CrossRef]

Dobszai, D.; Matrai, P.; Gyongyi, Z.; Csupor, D.; Bajor, J.; Eross, B.; Miko, A.; Szako, L.; Meczker, A.;
Hagendorn, R.; et al. Body-mass index correlates with severity and mortality in acute pancreatitis:
A meta-analysis. World ]. Gastroenterol. 2019, 25, 729-743. [CrossRef]

Kiss, L.; Ftir, G.; Matrai, P; Hegyi, P; Ivany, E.; Cazacu, LM.; Szabé, I.; Habon, T.; Alizadeh, H.; Gyongyi, Z.;
et al. The effect of serum triglyceride concentration on the outcome of acute pancreatitis: Systematic review
and meta-analysis. Sci. Rep. 2018, 8, 14096. [CrossRef]

Wang, Q.; Yan, H.; Wang, G.; Qiu, Z,; Bai, B.; Wang, S.; Yu, P,; Feng, Q.; Zhao, Q.; He, X,; et al. RNA sequence
analysis of rat acute experimental pancreatitis with and without fatty liver: A gene expression profiling
comparative study. Sci. Rep. 2017, 7, 734. [CrossRef]

Xu, C; Qiao, Z,; Lu, Y.; Zhang, D.; Jia, Z.; Zhuang, X.; Shi, Y.; Xu, T.; Xing, L.; Shen, J. Influence of fatty liver
on the severity and clinical outcome in acute pancreatitis. PLoS ONE 2015, 10, 0142278. [CrossRef]


http://dx.doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
http://dx.doi.org/10.1002/hep.29367
http://www.ncbi.nlm.nih.gov/pubmed/28714183
http://dx.doi.org/10.1016/j.jhep.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27062661
http://dx.doi.org/10.1136/gutjnl-2012-302779
http://www.ncbi.nlm.nih.gov/pubmed/23100216
http://dx.doi.org/10.1371/journal.pone.0165309
http://www.ncbi.nlm.nih.gov/pubmed/27798670
http://dx.doi.org/10.1136/gut.2008.152702
http://dx.doi.org/10.1001/archsurg.137.10.1136
http://dx.doi.org/10.1148/radiol.2233010680
http://dx.doi.org/10.3389/fphys.2019.01002
http://www.ncbi.nlm.nih.gov/pubmed/31507427
http://dx.doi.org/10.1016/j.ejim.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27157403
http://dx.doi.org/10.3389/fphys.2019.01202
http://www.ncbi.nlm.nih.gov/pubmed/31620021
http://dx.doi.org/10.1097/MPA.0000000000001122
http://dx.doi.org/10.3748/wjg.v25.i6.729
http://dx.doi.org/10.1038/s41598-018-32337-x
http://dx.doi.org/10.1038/s41598-017-00821-5
http://dx.doi.org/10.1371/journal.pone.0142278

J. Clin. Med. 2020, 9, 2698 14 0f 15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wu, D.; Zhang, M,; Xu, S.; Wu, K.; Wang, N.; Wang, Y.; Wu, J.; Lu, G.; Gong, W.; Ding, Y.; et al. Nonalcoholic
fatty liver disease aggravated the severity of acute pancreatitis in patients. BioMed Res. Int. 2019, 2019, 9583790.
[CrossRef]

Liberati, A.; Altman, D.G.; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, ].P.A.; Clarke, M.; Devereaux, PJ.;
Kleijnen, J.; Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: Explanation and elaboration. BM]J 2009, 339, b2700. [CrossRef]
Deeks, ].J.; Higgins, J.P.; Altman, D.G. Analysing data and undertaking meta-analyses. In Cochrane Statistical
Methods Group and Cochrane Handbook for Systematic Reviews of Interventions; CochraneConsumer Network:
London, UK, 2019; pp. 241-284.

DerSimonian, R.; Laird, N. Meta-analysis in clinical trials. Control. Clin. Trials 1986, 7, 177-188. [CrossRef]
Higgins, ].P.T.; Thompson, S.G.; Deeks, ].J.; Altman, D.G. Measuring inconsistency in meta-analyses. BM]J
2003, 327, 557. [CrossRef] [PubMed]

Hayden, J.A.; van der Windt, D.A.; Cartwright, J.L.; C6té, P.; Bombardier, C. Assessing bias in studies of
prognostic factors. Ann. Intern. Med. 2013, 158, 280-286. [CrossRef] [PubMed]

Bradley, E.L. A clinically based classification system for acute pancreatitis. Summary of the International
Symposium on Acute Pancreatitis, Atlanta, Ga, September 11 through 13, 1992. Arch. Surg. 1993, 128,
586-590. [CrossRef] [PubMed]

Dou, J.; Niu, C. The effect of nonalcoholic fatty liver disease on the severity of acute pancreatitis. J. Prac. Med.
2017, 33, 3563-3565. [CrossRef]

Hao, YM.; Feng, Q.X.; Feng, X.Y.; Yu, P.F; Bai, B.; Qiu, Z.Y.; Wang, Q.; Wang, S.Q.; Zhao, Q.C. Combine
identifying hepatic steatosis with APACHE-II score improves the prediction of severe acute pancreatitis.
J. Dig. Dis. 2015, 16, 60. [CrossRef]

Jasdanwala, S. NAFLD Diagnosed with abdominal ultrasound is a marker of severity in acute Pancreatitis.
J. Gastrointest. Dig. Syst. 2015, 5, 2. [CrossRef]

Jia, J.; Wu, Q.; Kou, J.; Yang, M. Relationship between fatty liver and pancreatitis. Int. J. Clin. Med. 2018, 9,
243-248. [CrossRef]

Mikolasevic, I.; Orlic, L.; Poropat, G.; Jakopcic, I.; Stimac, D.; Klanac, A.; Carovic, E; Milic, S. Nonalcoholic
fatty liver and the severity of acute pancreatitis. Eur. |. Intern. Med. 2017, 38, 73-78. [CrossRef]
Morel-Cerda, E.C.; Velarde-Ruiz Velasco, J.A.; Alvarez—Lépez, F; Garcia-Jiménez, E.S.; Rangel-Orozco, M.F,;
Gonzalez-Alvarez, R.; Flores-Mendoza, ].F; Zaragoza-Scherman, C.E,; Velarde-Chavez, J.A.; Mora-Huerta, J.A.
Prevalence of fatty liver in patients with acute pancreatitis. Rev. Méd. 2019, 9, 113-118.

Ze-hua, P; Lin, B.A.I; Hong, PU,; Long-lin, YI.N.; Jia-yuan, C.; Jin, J.; Ning, A.N. Abdominal CT scan in
predicting complications of acute pancreatitis. Chin. J. Gen. Surg. 2012, 27, 789-793.

Satapathy, S.; Friedman, B.; Bittman, M.; Aronson, S.; Kwak, N.; Novak, S.; Inamdar, S.; Cerulli, M.; David, B.
Hepatic steatosis a novel marker for severe outcomes in patients with acute pancreatitis. Am. J. Gastroenterol.
2011, 106, S115-S116. [CrossRef]

Suchsland, T.; Aghdassi, A.; Kithn, K.; Simon, P; Lerch, M.M.; Mayerle, J.; Flessa, S. Predictive factors for and
incidence of hospital readmissions of patients with acute and chronic pancreatitis. Pancreatology 2015, 15,
265-270. [CrossRef] [PubMed]

Wang, S.; Zhang, X.; Li, S.; Feng, Q.; Feng, X.; Zhao, Q. Fatty liver indicates increased severity of acute
pancreatitis. J. Gastroenterol. Hepatol. 2013, 28, 240. [CrossRef]

Xiao, B.; Zhang, X.M.; Jiang, Z.Q.; Tang, W.; Huang, X.H.; Yang, L.; Feng, Z.S. Fatty liver in acute pancreatitis:
Characteristics in magnetic resonance imaging. J. Comput. Assist. Tomogr. 2012, 36, 400-405. [CrossRef]
Yoon, S.B.; Lee, 1.S.; Choi, M.H.; Lee, K.; Ham, H.; Oh, H.J.; Park, S.H.; Lim, C.H.; Choi, M.G. Impact of fatty
liver on acute pancreatitis severity. Gastroenterol. Res. Pract. 2017, 2017, 4532320. [CrossRef]

Yuan, L.; Tang, M.; Huang, L.; Gao, Y.; Li, X. Risk factors of hyperglycemia in patients after a first episode of
acute pancreatitis: A retrospective cohort. Pancreas 2017, 46, 209-218. [CrossRef]

Hou, S,; Tang, X.; Cui, H.; Liu, C; Bai, X.; Shi, L.; Shi, Y. Fatty liver disease is associated with the severity of
acute pancreatitis:A systematic review and meta-analysis. Int. ]. Surg. 2019, 65, 147-153. [CrossRef]
Younossi, Z.; Henry, L. Contribution of alcoholic and nonalcoholic fatty liver disease to the burden of
liver-related morbidity and mortality. Gastroenterology 2016, 150, 1778-1785. [CrossRef]

Li, Q.; Dhyani, M.; Grajo, ].R.; Sirlin, C.; Samir, A.E. Current status of imaging in nonalcoholic fatty liver
disease. World ]. Hepatol. 2018, 10, 530-542. [CrossRef]


http://dx.doi.org/10.1155/2019/9583790
http://dx.doi.org/10.1136/bmj.b2700
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://dx.doi.org/10.7326/0003-4819-158-4-201302190-00009
http://www.ncbi.nlm.nih.gov/pubmed/23420236
http://dx.doi.org/10.1001/archsurg.1993.01420170122019
http://www.ncbi.nlm.nih.gov/pubmed/8489394
http://dx.doi.org/10.3969/j.issn.1006-5725.2017.21.016
http://dx.doi.org/10.1111/17512980.12277
http://dx.doi.org/10.4172/2161-069X.1000293
http://dx.doi.org/10.4236/ijcm.2018.94021
http://dx.doi.org/10.1016/j.ejim.2016.10.019
http://dx.doi.org/10.1038/ajg.2011.336_5
http://dx.doi.org/10.1016/j.pan.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/25862407
http://dx.doi.org/10.1111/jgh.12363_2
http://dx.doi.org/10.1097/RCT.0b013e31825977c2
http://dx.doi.org/10.1155/2017/4532320
http://dx.doi.org/10.1097/MPA.0000000000000738
http://dx.doi.org/10.1016/j.ijsu.2019.04.003
http://dx.doi.org/10.1053/j.gastro.2016.03.005
http://dx.doi.org/10.4254/wjh.v10.i8.530

J. Clin. Med. 2020, 9, 2698 150f 15

42.  Wei, HAN,; Jun, YAN, Jian, W.; Tie, WE.N,; Lijie, B.A.L; Xiaoqi, H.; Xia, W.; Xing, J.I. The diagnostic and
prognostic value of CT scans in patients with acute pancreatitis complications. J. Pract. Radiol. 2017, 33,
1205-1208.

43. Wang, Q.; Du, J.; Yu, P; Bai, B.; Zhao, Z.; Wang, S.; Zhu, ].; Feng, Q.; Gao, Y.; Zhao, Q.; et al. Hepatic steatosis
depresses alpha-1-antitrypsin levels in human and rat acute pancreatitis. Sci. Rep. 2015, 5, 17833. [CrossRef]
[PubMed]

44. Simons-Linares, C.R.; Romero-Marrero, C.; Jang, S.; Bhatt, A.; Lopez, R.; Vargo, J.; Stevens, T.; Carey, W,;
Chahal, P. Clinical outcomes of acute pancreatitis in patients with cirrhosis. Pancreatology 2019, 20, 44-50.
[CrossRef] [PubMed]

45. Ding, L.; Yu, C.; Deng, F; He, W.-H.; Xia, L.; Zhou, M,; Lan, G.-L.; Huang, X.; Lei, Y.-P.; Zhou, X.-J.; et al.
New risk factors for infected pancreatic necrosis secondary to severe acute pancreatitis: The role of initial
contrast-enhanced computed tomography. Dig. Dis. Sci. 2019, 64, 553-560. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1038/srep17833
http://www.ncbi.nlm.nih.gov/pubmed/26634430
http://dx.doi.org/10.1016/j.pan.2019.11.002
http://www.ncbi.nlm.nih.gov/pubmed/31734110
http://dx.doi.org/10.1007/s10620-018-5359-y
http://www.ncbi.nlm.nih.gov/pubmed/30465178
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods and Materials 
	Literature Search 
	Study Selection and Data Collection 
	Statistical Analysis 
	Risk of Bias and Quality Assessment of the Individual Studies 
	Details of Ethical Approval 

	Results 
	Search and Selection 
	Characteristics of the Studies Included in the Meta-Analysis 
	Findings of Meta-Analysis: FLD vs. No FLD 
	Findings of Meta-Analysis: NAFLD vs. No NAFLD 
	Additional Analysis 

	Discussion 
	Conclusions 
	Implication for Practice 
	Implication for Research 

	References

