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Background: Based on cross-sectional studies, there is a link between body composition parameters and steatosis in non-alcoholic fatty liver disease (NAFLD). However, whether long-term changes in different body composition parameters will result in NAFLD resolution is unclear. Therefore, we aimed to summarize the literature on longitudinal studies evaluating the association between NAFLD resolution and body composition change.

Methods: Based on the recommendations of the Cochrane Handbook, we performed a systematic search on September 26th, 2021, in three databases: Embase, MEDLINE (via PubMed), and Cochrane Central Register of Controlled Trials (CENTRAL). Eligible studies reported on patients with NAFLD (liver fat >5%) and examined the correlation between body composition improvement and decrease in steatosis. We did not have pre-defined body composition or steatosis measurement criteria. Next, we calculated pooled correlation coefficient (r) with a 95% confidence interval (CI). Furthermore, we narratively summarized articles with other statistical methods.

Results: We included 15 studies in our narrative review and five in our quantitative synthesis. Based on two studies with 85 patients, we found a pooled correlation coefficient of r = 0.49 (CI: 0.22–0.69, Spearman's correlation) between the change of visceral adipose tissue and liver steatosis. Similarly, based on three studies with 175 patients, the correlation was r = 0.33 (CI: 0.19–0.46, Pearson's correlation). On the other hand, based on two studies with 163 patients, the correlation between subcutaneous adipose tissue change and liver steatosis change was r = 0.42 (CI: 0.29–0.54, Pearson's correlation). Furthermore, based on the studies in the narrative synthesis, body composition improvement was associated with steatosis resolution.

Conclusions: Based on the included studies, body composition improvement may be associated with a decrease in liver fat content in NAFLD.

Systematic review registration: Identifier: CRD42021278584.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) has emerged as one of the most common causes of chronic liver disease worldwide and represents a global public health problem. It already affects 25% of the global population, and the prevalence is predicted to grow rapidly (1).

Despite its increasing prevalence and clinical importance, NAFLD's pathogenesis and optimal management are poorly understood. Evidence-based practice guidelines reserve pharmacologic treatment for patients with advanced fibrosis or active necro-inflammation at high risk of progression (2). Although several pharmacological agents have been evaluated (e.g., pioglitazone, vitamin E, liraglutide, semaglutide), no drugs have been included in the guidelines yet (3, 4).

Current guidelines agree that lifestyle changes, including dietary interventions and physical exercise, remain the cornerstone in NAFLD management, and these interventions should be implemented as a first-line measure in all patients (2). Research shows a dose-dependent relationship between weight loss and non-alcoholic steatohepatitis (NASH) resolution, meaning that a modest (5%−7%) weight loss can already promote the decrease of steatosis. However, a considerable weight loss (>7%−10%) is necessary to maximize the benefit (5, 6). Multiple exercise-based interventional studies proposed a new perspective by demonstrating that the decrease of intrahepatic lipid content can be achieved without substantial weight loss (7). A study by Kabir et al. (8) highlighted that in patients with NAFLD, the type of fat and its regional distribution seem to be more important than the absolute amount.

Based on previous studies, the severity of liver steatosis is negatively affected by increased visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT), and decreased skeletal or appendicular muscle mass (9). However, most studies on this topic were cross-sectional and could not demonstrate a causal relationship between these parameters and NAFLD resolution (9). Recently, body composition has become a central issue in many longitudinal trials about NAFLD, focusing on VAT, SAT, total fat mass, or lean muscle mass improvement and change in liver steatosis (10, 11). These studies reported on the relationship between the improvement of body composition parameters and regression of liver steatosis.

In the present systematic review and meta-analysis, we aimed to explore the results of the available longitudinal studies of how the alteration of body composition parameters such as VAT, SAT, and muscle mass correlates with the change in liver steatosis and NAFLD regression.



2. Methods

We report our systematic review and meta-analysis based on the PRISMA 2020 recommendations (12) (see Supplementary Table 1) while following the Cochrane Handbook (13). The study protocol was registered on PROSPERO (registration number CRD42021278584). However, we decided not to exclude papers based on the statistical methods used. Therefore, we included each study corresponding with our research question.


2.1. Information sources and search strategy

Our systematic search was conducted on September 26th, 2021, in three databases: Embase, MEDLINE (via PubMed), and Cochrane Central Register of Controlled Trials (CENTRAL). We used the following search key in all databases: (“Fatty liver disease” OR steatohepatitis OR steatosis OR NAFLD OR NASH OR MAFLD) AND ((fat OR obes* OR adipos*) AND (visceral OR “intra abdominal” OR abdominal OR central) OR “fat mass” OR “skeletal mass” OR SMI OR “body composition” OR “muscle mass” OR “fat free mass” OR “body fat”). No filters were applied during the search. Finally, we searched the reference list of eligible studies.



2.2. Eligibility criteria

We formulated our research question using the PFO format (patients, prognostic factor, and outcome). We included longitudinal studies which examined the association between the change of various body composition parameters and the change of hepatic steatosis in adult participants (P) with NAFLD. Steatosis was defined as ≥5% intrahepatic lipid content at baseline (2). This widely accepted diagnostic approach served as a comprehensive definition for baseline hepatic status since various diagnostic methods, and steatosis definitions appear in the studies. The F from the PFO format represents the change in body composition [e.g., body fat (BF), fat-free mass (FFM), skeletal muscle mass (SMM), visceral fat (VF), VAT, or SAT]. In eligible studies, the main objective was to achieve body composition change. Therefore, we did not emphasize the means of accomplishing it.

The primary outcome was the change in liver fat content from baseline to the end of follow-up (O), described as, e.g., intrahepatic liver fat, Fibroscan Controlled Attenuation Parameter (CAP), NASH score, Hepatic Steatosis Change, and NAFLD resolution. In addition, eligible studies either reported the correlation between body composition change and liver fat content change, the mean of body composition parameters, or the resolution of NAFLD as a dichotomous outcome.

We did not use a pre-defined body composition measurement (e.g., bioelectrical impedance analysis—BIA, Dual-energy X-ray absorptiometry—DXA, computed tomography—CT, or air displacement plethysmography—ADP) and liver fat content measurement (e.g., proton magnetic resonance spectroscopy—H-MRS, magnetic resonance imaging—MRI, or ultrasound—US) methods.

Lastly, the following exclusion criteria were used: (1) studies reported on patients undergoing bariatric surgery, (2) case reports or series and other descriptive studies, (3) studies with a mean follow-up period of fewer than 2 months, (4) studies containing data only on the conventional anthropometric measure (BMI, BMI z-score, BMI percentile, waist-to-height ratio), and (5) cross-sectional studies.



2.3. Selection process

After duplicate removal, the selection was performed by two independent review authors (DM and SV) by title, abstract, and full-text based on pre-discussed aspects. We used Endnote v9.0 (Clarivate Analytics, Philadelphia, PA, USA) reference manager software for the selection. Disagreements were resolved by consensus, and if consensus was not reached, a third independent review author (BT) was involved in deciding.



2.4. Data collection process and data items

Two authors (DM and BT) independently collected data from the eligible articles. In the case of disagreement, the decision was based on consensus, or if it was not reached by involving a third author (SV).

The following data were extracted: first author, the year of publication, study population, study period, study site (country), study design, demographic data of the patients, total follow-up time, type of intervention (if applicable), method of measurement of hepatic steatosis and body composition parameters, body composition and outcome parameters (as defined in the article), correlation coefficients between the change of steatosis and different body composition parameters, and information for assessing the risk of bias in the study.



2.5. Study risk of bias assessment

Two authors performed the risk of bias assessment independently with the help of the Quality in Prognostic Studies (QUIPS) tool (14). A consensus was reached in the case of disagreements. The specific methodological details are described in Supplementary Appendix 1. The “study attrition” domain was omitted in the case of retrospective studies. The web-based version of the Risk Of Bias VISualization (ROBVIS) tool was used to visualize the results (15).



2.6. Synthesis methods

Due to the heterogeneity of the statistical methods used in the included studies examining the relationship between the change of different body composition parameters and the change in liver fat content, we decided to pool only the correlation coefficients. Other results were included in the systematic review part.

We decided to pool data from a minimum of two studies. However, we interpreted the results with limitations. The statistical analysis of the data was conducted using the R programming language [(16), Vienna, Austria, R version 4.1.0]. Using each study's extracted correlation coefficient (r), we calculated pooled correlation coefficients with 95% confidence intervals (CIs). Correlation coefficient values were converted by Fisher's r-to-z transformation to obtain approximately normally distributed z values to calculate 95% CIs (17). The random-effects model was used for the pooled analysis in this study. Correlations were classified as weak (r = 0–0.30), moderate (r = 0.30–0.70), and strong (r = 0.70–1.0) (18). A p-value of < 0.05 was considered to be statistically significant. We tested heterogeneity with I2 and χ2 tests, and a p-value < 0.1 was considered significant heterogeneity.

We grouped the results based on the body composition parameter and the correlation analysis method (Pearson, Spearman, or not defined).

Because of the low number of eligible studies (< 10), we could not assess publication bias.




3. Results


3.1. Search and selection

Altogether 21,612 studies were identified by our search, from which 15 full-text articles were included in our synthesis and meta-analytical calculations (10, 11, 19–31). Details of the selection process are presented in the PRISMA flowchart (Figure 1).


[image: Figure 1]
FIGURE 1
 PRISMA 2020 flowchart.




3.2. Basic characteristics of included studies

The baseline characteristics of the eligible studies are detailed in Table 1. In Supplementary Table 2, we summarized the eligibility criteria extracted from each included article. Regarding geographical localization, four studies originated from Japan (10, 26, 30, 31), three from Korea (11, 25), two from the United Kingdom (20, 21) and the USA (22, 29), and one from Thailand (19), Croatia (24), Australia (23), and Belgium (28). Out of the 15 studies, 12 were prospective cohort studies. The follow-up period for the liver steatosis change varied between 2 and 27 months. Liver steatosis was diagnosed using H-MRS, MRI, US, elastography by Fibroscan CAP, and liver biopsy. Regarding body composition assessment, the most frequently used method was MRI (in five studies), but also other methods such as BIA, DXA, CT, ADP, and InBody 720 were used. Further details of the interventions performed to achieve NAFLD regression are detailed in Supplementary Table 3.


TABLE 1 Basic characteristics of the included studies in the systematic review and meta-analysis.
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3.3. Visceral adipose tissue area decrease moderately correlates with steatosis improvement

The results of correlation analyses between liver steatosis and body composition parameters are summarized in Figure 2. Due to the low number of studies included, we interpreted the results with limitations. Based on two studies (19, 20) with 85 patients, we found a pooled correlation coefficient of r = 0.49 (CI: 0.22–0.69, Spearman's correlation) between VAT change and liver steatosis. Similarly, based on three (21, 23, 27) studies with 175 patients, the correlation was r = 0.33 (0.19–0.46, Pearson's correlation, Figure 2).


[image: Figure 2]
FIGURE 2
 Summary forrest plot presenting different correlation analysis results between body composition parameter changes and liver fat content decrease. SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.


Huang et al. (22) recruited patients with NASH for a 1-year intense nutritional counseling, while their primary endpoint was the histologic improvement of NASH, defined as a ≥2-point reduction in the total NASH score (0–17). Patients with an improved score had a mean change in VAT volume of −36.18 cm3, while those without improvement had −12.23 cm3 (p = 0.28). In the study of Kendel Jovanović et al. (24), patients followed an energy-reduced anti-inflammatory diet for 6-months. Based on unadjusted linear regression analysis, change in VAT was not significantly associated with a decrease in the fatty liver index (FLI; β −0.21, p = 0.308) and NAFLD liver fat score (NAFLD-LFS; β −0.53, p = 0.324). Kim et al. (25) described the effect of longitudinal body fat changes on NAFLD regression. In the multivariate Cox proportional hazard model, the risk for regressed NAFLD comparing tertiles 2 and 3 vs. tertile 1 of change in VAT area were hazard ratio (HR) = 0.70 (CI: 0.42–1.16) and HR = 0.38 (CI: 0.20–0.73), respectively. Lee et al. (27) examined the effect of lifestyle interventions in living liver donors with NAFLD on the improvement of different body composition parameters and changes in steatosis. The relative reduction of the visceral fat area was the only significant independent factor associated with resolved NAFLD (odds ratio—OR = 1.03, CI: 1.01–1.05). Rachakonda et al. (29) reported a twofold higher VAT loss in patients with NAFLD resolution compared to those without [−57.23 cm2 (−88.63 to −25.84) vs. −26.92 cm2 (−52.14 to −26.92), p = 0.034], despite a similar degree of total body weight loss.

The details of the studies included in Figure 2 are summarized in the Supplementary Results.



3.4. Higher subcutaneous fat area decrease is moderately correlated with NAFLD regression

Based on two (23, 27) studies with 163 patients, the correlation between SAT change and liver steatosis change was r = 0.42 (0.29–0.54, Pearson's correlation, Figure 2). Further details are summarized in the Supplementary Results.

Kim et al. (25) reported on the median SAT change between the regressed and persistent NAFLD groups and found a significant difference [−10.01 cm2 (−31.73, 10.71) vs. +3.33 cm2 (−17.4, 18.20), p < 0.001]. They also examined the risk of NAFLD regression between the tertiles of SAT. Comparing tertiles 3 vs. 1 of change in SAT area, the risk was HR = 0.48 (CI: 0.27–0.84). However, after multiple adjustments, the risk was only marginally statistically significant. After lifestyle intervention, Lee et al. (27) found significant odds of NAFLD resolution in regards to the relative reduction of SAT area (OR = 1.04, CI: 1.01–1.07). Finally, Rachakonda et al. (29) investigated the abdominal and midthigh subcutaneous area and found no differences in the means between the NAFLD resolved vs. persistent groups.



3.5. Muscle mass increase is positively correlated with hepatic steatosis decrease

Correlation analysis results are included in Figure 2. Because of the heterogeneous data, we did not calculate pooled results.

Based on Kim et al. (11), the highest vs. lowest tertile of increase in skeletal muscle index (SMI) over 1-year resulted in an increased adjusted HR of 4.17 (CI = 1.90–6.17) of baseline NAFLD resolution. Furthermore, a one percent increase in SMI resulted in an adjusted HR of 1.99 (CI = 1.53–2. 59). Nachit et al. (28) found that NASH improvement (≥2 pt NASH score reduction) is associated with a decreased muscle mass (18.7 vs. 4.2%, p = 0.046) but not muscle density change (= Psoas density, 5.1 vs. 2%, p = 0.549). This means that the decrease in mass mainly was muscle fat. The group with a muscle density reduction of ≥11% had a higher rate of NASH resolution (71 vs. 33%, p = 0.033). They concluded that a decreased muscle fat content was associated with liver histological improvement. Osaka et al. (10) evaluated the fat-to-muscle ratio change regarding liver stiffness measurement (LSM) and CAP values. They reported a significant difference in the change in the fat-to-muscle ratio between the groups with and without LSM normalization (p < 0.001). Furthermore, based on regression analysis, the change in fat-to-muscle ratio was associated with the rate of change in CAP (β = 0.38, p < 0.001) and LSM (β = 0.21, p = 0.026). On the other hand, Rachakonda et al. (29) did not find a significant change in the fat-free mass (p = 0.131) and midthigh muscle area (p = 0.125) between the NAFLD resolved vs. persisted groups. Lastly, Shida et al. (30) examined the longitudinal changes in skeletal muscle mass to visceral fat area ratio (SV ratio). The increase in the CAP was significantly higher in the worsened SV ratio group (decreased by >5%, 27.9 ± 8, p < 0.01 compared to improved). In comparison, the improved SV ratio group was associated with a CAP decrease (increased by >5%, −20 ± 12.3, p < 0.01 compared to stable).

Further details are summarized in the Supplementary Results.



3.6. Risk of bias analysis

Overall, most studies presented a low or moderate risk of bias for the assessed domains. The “Study confounding” domain represented the lowest quality, while the study participants represented a low risk of bias (Supplementary Figure 1 and Supplementary Table 4).




4. Discussion

In our present systematic review, we aimed to highlight the following key observations: changes in both VAT and SAT showed a significant, moderately positive correlation with changes in fatty liver. Furthermore, increasing skeletal muscle mass and decreasing myosteatosis can also be associated with the decrease in liver steatosis. Based on the included studies, none of the body composition improvement was associated with the worsening of liver steatosis. Based on these results, investigating the interplay between VAT and SMM, it seems that the clinical course of fatty liver worsened with the increase of visceral fat coupled with a decrease in muscle mass.

Based on current guidelines, an extensive lifestyle adjustment is mandatory and remains the cornerstone management of NAFLD. All practice guidelines emphasize energy restriction and physical activity, promoting weight loss as the keynote endpoint. Although a consensus is reached that all interventions should be gradual and individually tailored, no recommendation exists for using body composition analysis (3). On the other hand, guidelines do not yet recommend the body composition analysis at baseline (2).

Patients with obesity have a high risk of NAFLD, and a central fat distribution, in particular, is a strong independent predictor of mortality. The lean-NAFLD population further confirms this, in which a normal BMI meets the nocuous metabolic pattern associated with increased VAT and insulin resistance (32). Several differences between VAT and SAT explain why VAT is associated with more metabolically adverse features than SAT (33). Visceral obesity seems to be a metabolically active endocrine organ and is responsible for the overflow of free fatty acids into the bloodstream, promoting its accumulation in ectopic sites, such as the liver. SAT seems to be more of an inert reservoir of fat (8). We also have to consider gender differences, recognizing that men are more prone to VAT than SAT, whereas women are the other way around due to their metabolic and hormone profiles (34). It should be noted that the NAFLD resolution was rather achieved with a significant VAT decrease, despite an identical extent of weight or total fat loss (24). With all this in mind, reducing the amount of these fat types means not only decreased weight (which in itself has benefits) but leads to major metabolic improvements that can promote further decrease in steatosis- and histological regression (35).

Based on Kendel Jovanović et al. (24) the group with a significant VAT reduction achieved impressive improvements in liver steatosis and fibrosis compared to the group with a reduction of the total fat mass. Although, the average weight loss was the same for both groups. Rachakonda et al. (29) explored the impact of altering fat-free mass and fat mass and found that subjects with greater declines in fat mass achieved higher rates of fatty liver regression associated with notable VAT loss.

Another influential body composition parameter is skeletal muscle mass. Its importance is increasingly recognized, especially in adipose-muscle-liver axis dysfunction. Abnormal endocrine signaling back and forth between expanded fat depots and fatty infiltrated liver and muscle leads to insulin resistance. This hyperinsulinemic state continuously worsens steatosis (36). The number of longitudinal studies investigating potential correlations between NAFLD improvement and SMM increase is scarce, but as far as this review results, improved muscle mass and function are likely to benefit NAFLD outcomes. This impact is dose-dependent and promotes whole health with combined advantages. Specific interventions targeting SMM increase also contribute to improving SMM density, likely to have a metabolically therapeutic effect (28).

Kim et al. (11) studied the individual influence of skeletal muscle on fatty liver change and found that the cumulative incidence of NAFLD resolution was significantly higher in patients in the highest tertile of change over 1 year, compared with the lowest tertiles, even after adjustment of covariates. On the other hand, Shida et al. (30) and Jiang et al. (37) focused on the interplay between visceral fat and skeletal muscle mass, and both studied the association between altering the SV ratio (skeletal muscle to visceral fat). The shared conclusion is that this combined index could be favored because it simultaneously describes variations in both parameters. The clinical course of fatty liver worsened with a decreased SV ratio, which means increased visceral fat and decreased muscle mass.

Currently, lifestyle modifications are at hand to influence different body composition parameters. However, they should be designed on an individual basis. Weight loss induced only by caloric restriction results in fat tissue and fat-free mass loss (38). Physical activity should be simultaneously sustained for absolute or, in some instances, relative SMM increase. The optimal approach of the former or the latter should be as customized as possible and adjusted to be sustainable on the long run. On the other hand, these results may help to identify future therapeutic targets. For example, the results of the currently invesitgated glucagon-like peptide-1 (GLP-1) with glucose-dependent insulinotropic polypeptide agonism (tirzepatide) or GLP-1 with glucagon agonism (cotadutide) may be enhanced with proper lifestyle modifications (39).


4.1. Strengths and limitations

The strength of our study is the rigorous methodology we used, although we supplemented the inclusion criteria of the studies. In addition, the included studies originated from multiple countries and were prospective cohort studies. On the other hand, the most important limitation of our study is the low number of quantitative analyses. Consequently, there was significant heterogeneity in the study population, body composition, and liver steatosis measurements. However, we managed to include a wide range of results. Most included studies consisted of small cohorts of patients with various follow-up intervals. In addition, we included studies with multiple lifestyle interventions.




5. Conclusion

Based on the current literature, besides weight loss, the maintenance of functionally healthy muscle mass and a decrease in VAT and SAT may be associated with a decrease in liver steatosis. However, more homogenous results are needed.



6. Implications for practice and research

The benefit of immediate implementation of the scientific results has been already proven (40, 41).

Body composition parameters should be included in the assessment of NAFLD patients, while a medical team should manage these patients by incorporating individualized diet and exercise therapies. On the other hand, lifestyle changes should last more than a couple of months.

Randomized controlled trials are needed focusing on the body composition of NAFLD patients and investigating the effect of different diets and physical activity on different body composition parameters and NAFLD resolution.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

DM: conceptualization and writing—original draft. PH: conceptualization, funding acquisition, and writing—review and editing. BT: conceptualization, visualization, and writing—original draft. TT and BE: conceptualization and writing—review and editing. GP: conceptualization, supervision, and writing—original draft. SV: conceptualization, methodology, project administration, formal analysis, and writing—original draft. All authors certify that they have participated sufficiently to take public responsibility for the content, including participation in the manuscript's concept, design, analysis, writing, or revision.



Funding

SV was supported by the ÚNKP-22-3-II-PTE-1583 New National Excellence Program of the Ministry for Culture and Innovation from the source of the National Research, Development and Innovation Fund. Sponsors had no role in the design, data collection, analysis, interpretation, and manuscript preparation.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1114836/full#supplementary-material



References

 1. Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The global epidemiology of NAFLD and NASH in patients with type 2 diabetes: a systematic review and meta-analysis. J Hepatol. (2019) 71:793–801. doi: 10.1016/j.jhep.2019.06.021

 2. EASL-EASD-EASO. Clinical practice guidelines for the management of non-alcoholic fatty liver disease. J Hepatol. (2016) 64:1388. doi: 10.1016/j.jhep.2015.11.004

 3. Leoni S, Tovoli F, Napoli L, Serio I, Ferri S, Bolondi L. Current guidelines for the management of non-alcoholic fatty liver disease: a systematic review with comparative analysis. World J Gastroenterol. (2018) 24:3361–73. doi: 10.3748/wjg.v24.i30.3361

 4. Sumida Y, Yoneda M. Current and future pharmacological therapies for NAFLD/NASH. J Gastroenterol. (2018) 53:362–76. doi: 10.1007/s00535-017-1415-1

 5. Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, Ikramuddin S. Nonalcoholic steatohepatitis: a review. JAMA. (2020) 323:1175–83. doi: 10.1001/jama.2020.2298

 6. Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, et al. Weight loss through lifestyle modification significantly reduces features of nonalcoholic steatohepatitis. Gastroenterology. (2015) 149:367–78. doi: 10.1053/j.gastro.2015.04.005

 7. Hallsworth K, Fattakhova G, Hollingsworth KG, Thoma C, Moore S, Taylor R, et al. Resistance exercise reduces liver fat and its mediators in non-alcoholic fatty liver disease independent of weight loss. Gut. (2011) 60:1278–83. doi: 10.1136/gut.2011.242073

 8. Kabir M, Catalano KJ, Ananthnarayan S, Kim SP, Citters GWV, Dea MK, et al. Molecular evidence supporting the portal theory: a causative link between visceral adiposity and hepatic insulin resistance. Am J Physiol Endocrinol Metab. (2005) 288:E454–61. doi: 10.1152/ajpendo.00203.2004

 9. Cai C, Song X, Chen Y, Chen X, Yu C. Relationship between relative skeletal muscle mass and nonalcoholic fatty liver disease: a systematic review and meta-analysis. Hepatol Int. (2020) 14:115–26. doi: 10.1007/s12072-019-09964-1

 10. Osaka T, Hashimoto YO, Takuro, Fukuda T, Yamazaki MH, Masahide, Fukui M. Reduction of fat to muscle mass ratio is associated with improvement of liver stiness in diabetic patients with non-alcoholic fatty liver disease. J Clin Med. (2019) 8:2175. doi: 10.3390/jcm8122175

 11. Kim G, Lee S-E, Lee Y-B, Jun JE, Ahn J, Bae JC, et al. Relationship between relative skeletal muscle mass and nonalcoholic fatty liver disease: a 7-year longitudinal study. Hepatology. (2018) 68:1755–68. doi: 10.1002/hep.30049

 12. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 13. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane Handbook for Systematic Reviews of Interventions. Hoboken, NJ: John Wiley & Sons (2019). doi: 10.1002/9781119536604

 14. Hayden JA, van der Windt DA, Cartwright JL, Côté P, Bombardier C. Assessing bias in studies of prognostic factors. Ann Intern Med. (2013) 158:280–6. doi: 10.7326/0003-4819-158-4-201302190-00009

 15. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R package and shiny web app for visualizing risk-of-bias assessments. Res Synth Methods. (2021) 12:55–61. doi: 10.1002/jrsm.1411

 16. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing. Vienna, Austria (2021). Available online at: https://www.R-project.org/.

 17. Harrer M, Cuijpers P, Furukawa TA, Ebert DD. Doing Meta-Analysis With R: A Hands-On Guide. 1st ed. Boca Raton, FL: Chapman & Hall/CRC Press (2021). doi: 10.1201/9781003107347

 18. Ratner B. The correlation coefficient: its values range between +1/−1, or do they? J Target Meas Anal Mark. (2009) 17:139–42. doi: 10.1057/jt.2009.5

 19. Charatcharoenwitthaya P, Kuljiratitikal K, Aksornchanya O, Chaiyasoot K, Bandidniyamanon W, Charatcharoenwitthaya N. Moderate-intensity aerobic vs resistance exercise and dietary modification in patients with nonalcoholic fatty liver disease: a randomized clinical trial. Clin Transl Gastroenterol. (2021) 12:e00316. doi: 10.14309/ctg.0000000000000316

 20. Cuthbertson DJ, Shojaee-Moradie F, Sprung VS, Jones H, Pugh CJ, Richardson P, et al. Dissociation between exercise-induced reduction in liver fat and changes in hepatic and peripheral glucose homoeostasis in obese patients with non-alcoholic fatty liver disease. Clin Sci. (2016) 130:93–104. doi: 10.1042/CS20150447

 21. Houghton D, Thoma C, Hallsworth K, Cassidy S, Hardy T, Burt AD, et al. Exercise reduces liver lipids and visceral adiposity in patients with nonalcoholic steatohepatitis in a randomized controlled trial. Clin Gastroenterol Hepatol. (2017) 15:96–102. doi: 10.1016/j.cgh.2016.07.031

 22. Huang MA, Greenson JK, Chao C, Anderson L, Peterman D, Jacobson J, et al. One-year intense nutritional counseling results in histological improvement in patients with non-alcoholic steatohepatitis: a pilot study. Am J Gastroenterol. (2005) 100:1072–81. doi: 10.1111/j.1572-0241.2005.41334.x

 23. Keating SE, Hackett DA, Parker HM, O'Connor HT, Gerofi JA, Sainsbury A, et al. Effect of aerobic exercise training dose on liver fat and visceral adiposity. J Hepatol. (2015) 63:174–82. doi: 10.1016/j.jhep.2015.02.022

 24. Kendel Jovanović G, Mrakovcic-Sutic I, Pavičić ŽeŽelj S, Benjak Horvat I, Šuša L, Rahelić D, et al. Metabolic and hepatic effects of energy-reduced anti-inflammatory diet in younger adults with obesity. Can J Gastroenterol Hepatol. (2021) 2021:6649142. doi: 10.1155/2021/6649142

 25. Kim D, Chung GE, Kwak M-S, Kim YJ, Yoon J-H. Effect of longitudinal changes of body fat on the incidence and regression of nonalcoholic fatty liver disease. Dig Liver Dis. (2018) 50:389–95. doi: 10.1016/j.dld.2017.12.014

 26. Koda M, Kawakami M, Murawaki Y, Senda M. The impact of visceral fat in nonalcoholic fatty liver disease: cross-sectional and longitudinal studies. J Gastroenterol. (2007) 42:897–903. doi: 10.1007/s00535-007-2107-z

 27. Lee S, Kim KW, Lee J, Park T, Park HJ, Song GW, et al. Reduction of visceral adiposity as a predictor for resolution of nonalcoholic fatty liver in potential living liver donors. Liver Transpl. (2021) 27:1424–31. doi: 10.1002/lt.26071

 28. Nachit M, Kwanten WJ, Thissen JP, Op De Beeck B, Van Gaal L, Vonghia L, et al. Muscle fat content is strongly associated with NASH: a longitudinal study in patients with morbid obesity. J Hepatol. (2021) 75:292–301. doi: 10.1016/j.jhep.2021.02.037

 29. Rachakonda V, Wills R, DeLany JP, Kershaw EE, Behari J. Differential impact of weight loss on nonalcoholic fatty liver resolution in a North American cohort with obesity. Obesity. (2017) 25:1360–8. doi: 10.1002/oby.21890

 30. Shida T, Oshida N, Oh S, Okada K, Shoda J. Progressive reduction in skeletal muscle mass to visceral fat area ratio is associated with a worsening of the hepatic conditions of non-alcoholic fatty liver disease. Diabetes Metab Syndr Obes. (2019) 12:495–503. doi: 10.2147/DMSO.S185705

 31. Takahashi A, Imaizumi H, Hayashi M, Okai K, Abe K, Usami K, et al. Simple resistance exercise for 24 weeks decreases alanine aminotransferase levels in patients with non-alcoholic fatty liver disease. Sports Med Int Open. (2017) 1:E2–7. doi: 10.1055/s-0042-117875

 32. Kuchay MS, Martínez-Montoro JI, Choudhary NS, Fernández-García JC, Ramos-Molina B. Non-alcoholic fatty liver disease in lean and non-obese individuals: current and future challenges. Biomedicines. (2021) 9:1346. doi: 10.3390/biomedicines9101346

 33. Kim D, Chung GE, Kwak M-S, Seo HB, Kang JH, Kim W, et al. Body fat distribution and risk of incident and regressed nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol. (2016) 14:132–8. doi: 10.1016/j.cgh.2015.07.024

 34. Pramfalk C, Pavlides M, Banerjee R, McNeil CA, Neubauer S, Karpe F, et al. Sex-specific differences in hepatic fat oxidation and synthesis may explain the higher propensity for NAFLD in men. J Clin Endocrinol Metab. (2015) 100:4425–33. doi: 10.1210/jc.2015-2649

 35. Nauli AM, Matin S. Why do men accumulate abdominal visceral fat? Front Physiol. (2019) 10:1486. doi: 10.3389/fphys.2019.01486

 36. Altajar S, Baffy G. Skeletal muscle dysfunction in the development and progression of nonalcoholic fatty liver disease. J Clin Transl Hepatol. (2020) 8:414–23. doi: 10.14218/JCTH.2020.00065

 37. Jiang W, Huang S, Ma S, Gong Y, Fu Z, Zhou L, et al. Effectiveness of companion-intensive multi-aspect weight management in Chinese adults with obesity: a 6-month multicenter randomized clinical trial. Nutr Metab. (2021) 18:17. doi: 10.1186/s12986-020-00511-6

 38. Villareal DT, Apovian CM, Kushner RF, Klein S. Obesity in older adults: technical review and position statement of the American Society for Nutrition and NAASO, The Obesity Society. Obes Res. (2005) 13:1849–63. doi: 10.1038/oby.2005.228

 39. Ratziu V, Francque S, Sanyal A. Breakthroughs in therapies for NASH and remaining challenges. J Hepatol. (2022) 76:1263–78. doi: 10.1016/j.jhep.2022.04.002

 40. Hegyi P, Eross B, Izbéki F, Párniczky A, Szentesi A. Accelerating the translational medicine cycle: the Academia Europaea pilot. Nat Med. (2021) 27:1317–9. doi: 10.1038/s41591-021-01458-8

 41. Hegyi P, Petersen OH, Holgate S, Eross B, Garami A, Szakács Z, et al. Academia Europaea position paper on translational medicine: the cycle model for translating scientific results into community benefits. J Clin Med. (2020) 9:1532. doi: 10.3390/jcm9051532



OPS/images/fmed-10-1114836-t001.jpg
Reference d e ofS Age Baseline B a Bod eato ollo O ome
o = g erence positio o) asse e p easure
patie easureme e o e
Charatcharoenwitthaya | Thailand 35(77) 37 (£2) 26.8 (£0.7) 86.6 (£1.6) Impedance FM, SM, VAT rating | Elastography 3 Hepatic fat
etal. (19) content
Cuthbertson et al. United Kingdom 50 (22) 51 (46-59) 30.7 (29.7-30.6) 106 (101-112) MR VAT, SAT H-MRS 4 THCL
(0)*
Houghton etal. 21)} | United Kingdom 12 (ND) 54 (£12) 33(47) ND MR VAT H-MRS, biopsy 3 HTGC
Huang et al. (22)% USA 15 (47) 48.8 (£12) 34(£7) 106.6 (£13) CT VAT, BF Biopsy 12 NASH score
Kendel Jovanovi¢ Croatia 42 (93) 43.6 (£5.8) 35.4 (+4.3) 108.4 (£8.4) Impedance VAT, fat tissue % FL index, 6 HS change
etal. (24)F NAFLD-FLS
Keating et al. (23)* Australia 48 (65) 44 (£3) 334 (£1.3) 93.7 (£1.5) MR VAT, SAT H-MRS 2 IHL
Kim etal. (25)% Korea 314 (19) 52.9 (£9) 25.71(£2.37) 90.22 (£ 6.67) CT VAT, SAT Us 55.7 NAFLD
resolution
Kim etal. (11)¥ Korea 2631 (24) 51.3 (£8.1) 27.1 (£2.3) 94,5 (£7.0) InBody 720 SM index HS index 5614124 | NAELD
resolution
Koda etal. (26)% Japan 28 (71) 53 (£12) 26.4 (£3.3) ND Impedance VAT, SAT Us 27426 HS score, ALT
Leeetal. (27) Korea 115 (12) 31 (£7.5) 25.4 (£3.5) ND CT VAT, SAT, SM Biopsy 3 HS %
Nachit et al. (28)¥ Belgium 39 (69) 42.8 (£5.6) 39.8 (£5.5) ND CT, impedance Skeletal muscle fat Biopsy 14 NASH
index improvement
Osaka et al. (10) Japan 117 (50) 63.5 (£12.2) 25.4 (+4.4) ND Inbody 720 Fat-to-muscle ratio | Elastography 12 LSM and CAP
Rachakonda et al. USA 52(79) 47.6 (41.1-52) 45.6 (43.4-48) 127.4 (123.4-131.3) CT, DXA, FM, FFM, midthigh CT 6 NAFLD
(29)% plethysmography muscle area, VAT, resolution
SAT
Shida etal. (30) Japan 92 (61) 55.5(£14.3) 27.9 (5.1) ND InBody 720 SV ratio (skeletal US, Fibroscan 192 AST, ALT, LSM,
MM to visceral fat and CAP
are)
Takahashi etal. (31)% Japan 28 (71) 56.7 (£12) 283 (£3.2) ND Impedance Muscle/body Us 24 ALT
weight %

 Mean or median with standard deviation or range.

*Prospective study.

ALT, alanine aminotransferase; BE, body fat; BMI, body mass index; CAP, controlled attenuation parameter; DXA, dual-energy X-ray absorptiometry; FFM, fat-free mass; FL, fatty liver; FM, fat mass; H-MRS, Proton Magnetic Resonance Spectroscopy; HS, hepatic
steatosis; HTGC, hepatic triglyceride content; IHCL, intra-hepatocellular lipid; IHL, intra-hepatic lipid; LSM, liver stiffness measurement; MR, magnetic resonance; MR-PDFE, MR-Proton density fat fraction; ND, not defined; SAT, subcutaneous adipose tissue; SM,
skeletal muscle; SMI, skeletal muscle index; US, ultrasound; USA, United States of America; VAT, visceral adipose tissue.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Improved body composition decreases the fat content in non-alcoholic fatty liver disease, a meta-analysis and systematic review of longitudinal studies



		1. Introduction



		2. Methods



		2.1. Information sources and search strategy



		2.2. Eligibility criteria



		2.3. Selection process



		2.4. Data collection process and data items



		2.5. Study risk of bias assessment



		2.6. Synthesis methods







		3. Results



		3.1. Search and selection



		3.2. Basic characteristics of included studies



		3.3. Visceral adipose tissue area decrease moderately correlates with steatosis improvement



		3.4. Higher subcutaneous fat area decrease is moderately correlated with NAFLD regression



		3.5. Muscle mass increase is positively correlated with hepatic steatosis decrease



		3.6. Risk of bias analysis







		4. Discussion



		4.1. Strengths and limitations







		5. Conclusion



		6. Implications for practice and research



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Medicine

Improved body composition
decreases the fat content in
non-alcoholic fatty liver disease, a
meta-analysis and systematic
review of longitudinal studies





OPS/images/fmed-10-1114836-g001.gif
Reurds dentfd om: Reconds amoved bl sroening:
Databases (=3 Duplesa rocords remaved (v - 52
+ adion (0= 382) Rocords mrkod 3 nolgdio oy
Embaso 0 - 10848 automasantools (= 0)
CENTRAL (n - 2385 Records removed for aber teasons (1
Regetors(020) )
Recards sreones Records exciotod
0 15697) (0= 1552

Reports soughfor atval
2267

Ropors vt rationod
020

Reports sssesse or oty
st

Repots excoced (0= 252)

ikt sty g0 169

Stuiesncuded in systomote-
rovw (o 15)

Studes incoced inmeta-
anayss (125)






OPS/images/fmed-10-1114836-g002.gif
Sty o Comelation

COR -~ 95%-C1 Weight

SATchane -G anis
Kosaats, oo » —
SATchanpe - Poorsn's cor. ansyis

Loy s -
Kesiog o1 2015 P iy
Ronsomtectamossl 169 =
Wy o7 - p 035

Tt sk o 3855 <0000

SAT chang - Sposmatscom. ants
rtehaty £ =
VAT chang - esrso's com ansysts

Lot @y s -
Hougpion 3. 011 2 +
Keatrg o 2015 i —
Prodctoninona —_
gy OW DX N p 0570

Tetr st e 4105 <0030

VAT chang - Spoumants co. sy
poieriapinging ] —
ot . 0021 35 s
Rondom etecta mosel s =
gy 4 - 0162

Tetr i 334 <083

By it mas chage - Spesrman' or snasts
st & 202 % —=
Vs ot o chango - Spcoman'sco. anay
ot o8 202195 -
VAT chang - Corr. sy

Kosaeta o0 e =
vt musceares - Pesaon'sco.ansyie

ey s t=
Skt s s - Spesrman's o snsyts
[re———y =
Moty wolgh ot - Pearson's co,anase
Tt @016 = -

i s
Beat oo, Postvecor.

o (0an05y saz
052 (027.070) 418%
042 (029,054 1000%

061 (0.40:076) 1000%

028 (010:048) 508%
o {azi0s] 127%
oat (017064 3655
033 (0191048 1000%
tosriomm

o3r (0100501 suam

061 (035078] 45.1%

040 (022060 1000%

052 (0201073 1000%

061 (035:078) 1000%

074 (051,087 1000%

015 (a0 100%

042 1009:067 1000%

037 (000:088) 1m0%









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Medicine





