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Background: Sarcopenia is a common complication of fatty liver, and sarcopenia increases the risk of advanced liver fibrosis in patients with Metabolic dysfunction-associated fatty liver disease (MAFLD). Chronic inflammation is the crucial link between sarcopenia and fatty liver. An anti-inflammatory diet is expected to be an essential measure to prevent sarcopenia in patients with fatty liver, and the dietary inflammatory index (DII) is a crucial tool for assessing the inflammatory potential of diets. However, the relationship between DII and sarcopenia in patients with fatty liver is unclear.

Objective: This study investigated the correlation between the dietary inflammatory index (DII) and sarcopenia in patients with Metabolic dysfunction-associated fatty liver disease (MAFLD).

Methods: Data for this study were obtained from the National Health and Nutrition Examination Survey (NHANES) 2017–2018, with 917 patients with MAFLD participating in the study. Participants were divided into three groups based on DII tertiles: group T1 (n = 305), group T2 (n = 306), and group T3 (n = 306), and binary logistic regression was used to assess the relationship between DII and sarcopenia with stratified analyses based on the weights recommended by the NHANES and multivariate linear regression was used to evaluate the association of DII with total appendicular lean mass.

Results: After adjusting for all confounders, DII was significantly and positively associated with the risk of sarcopenia in women [OR: 1.61, 95% CI: (1.226, 2.06), p < 0.001]. The risk of sarcopenia was higher in the T3 group compared to the T1 group [OR: 4.04, 95% CI: (1.66, 9.84), p = 0.002]. DII was negatively associated with appendicular lean mass adjusted for body mass index in both men and women.

Conclusion: DII was significantly associated with the risk of sarcopenia in female patients with MAFLD, with higher DII scores related to a higher risk of sarcopenia. Higher DII scores related to a higher risk of sarcopenia in men with significant fibrosis.
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1 Introduction

Metabolism-associated fatty liver disease (MAFLD), a new diagnostic definition proposed in 2020 by an international panel of experts from 22 countries, emphasizes the metabolic dysregulation that accompanies fatty liver disease, previously known as non-alcoholic fatty liver disease (NAFLD), a leading cause of chronic liver disease worldwide, the prevalence of which has been increasing (1, 2). Sarcopenia is a progressive and generalized skeletal muscle disease involving accelerated loss of muscle mass and function (3). Globally, sarcopenia poses a huge challenge to human healthcare. Studies have shown that people with MAFLD are at higher risk of developing sarcopenia (4, 5). And sarcopenia increases the risk of advanced liver fibrosis and mortality in people with MAFLD (6–8). Therefore, prevention of sarcopenia in patients with MAFLD is essential.

It has been shown that MAFLD is associated with a systemic inflammatory response and that patients with MAFLD have elevated serum levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), CC chemokine ligand 2 (CCL2), CC chemokine ligand 19 (CCL19) (9). Meanwhile, systemic chronic low-grade inflammation is involved in the development of sarcopenia (10). Given the link between inflammation and MAFLD and sarcopenia, anti-inflammatory interventions are expected to prevent sarcopenia in patients with MAFLD, and diet is one of the most important measures to control systemic inflammation. Diet is involved in inflammation, and dietary components such as total fat, trans fat, carbohydrate, and cholesterol can promote inflammation, and based on this, previous studies have developed the Dietary Inflammation Index (DII) for assessing the inflammatory potential of diets, with a high DII score being a marker of a pro-inflammatory diet and a lower DII score representing an anti-inflammatory diet (11). Studies have shown that the risk of sarcopenia increases as the DII increases (12). However, no studies have investigated the relationship between DII and sarcopenia in patients with MAFLD.

This study aimed to examine the correlation between DII levels and the risk of sarcopenia in patients with MAFLD, thereby providing a valuable reference for the prevention and management of sarcopenia in patients with MAFLD.



2 Methods


2.1 Study population

The National Health and Nutrition Examination Survey (NHANES) is the most in-depth survey administered by the National Center for Health Statistics (NCHS) to assess the health and nutritional status of adults and children in the United States. The NHANES surveys approximately 5,000 individuals annually in 15 different counties across the country in a two-year cycle, and the study cohort is representative of the entire U.S. population through a sample-weighted analysis. This study is based on data from the 2017 to 2018 NHANES, a cycle that included participants’ vibration-controlled transient elastography (VCTE) data used to define MAFLD. The Research Ethics Review Board of the National Center for Health Statistics approved the NHANES study. All participants provided informed consent. According to a large meta-analysis, a controlled attenuation parameter (CAP) of ≥248 dB/m (AUC: 0.823, Sensitivity: 0.688, Specificity: 0.822) was used as the threshold for the diagnosis of hepatic steatosis (13). And a median liver stiffness of ≥8.2 kPa was used to significant fibrosis (14). According to the European Association for the study of the Live (EASL) Clinical Practice Guidelines on non-invasive tests for evaluation of liver disease severity and prognosis, CAP≥275 dB/m might be used to diagnose steatosis (15). Therefore, we also conducted an analysis using the CAP ≥275 dB/m (Supplementary materials). Of the 9,254 participants, those who were not older than 18 years, pregnant, those with missing dietary data used to calculate DII, those with missing CAP data and CAP less than 248 dB/m, those with missing dual-energy X-ray data used to measure skeletal muscle mass, those who did not meet the diagnosis of MAFLD and those with missing data on relevant covariates were excluded, and finally, a total of 917 participants were enrolled in the study (Figure 1).
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FIGURE 1
 Flow chart of the study.




2.2 Definition of MAFLD

Based on the presence of imaging evidence of hepatic steatosis in combination with one of the following three conditions: overweight or obesity (defined as BMI ≥25 kg/m2 in Caucasians or BMI ≥23 kg/m2 in Asians), type 2 diabetes mellitus, and metabolic dysfunction. Metabolic dysfunction was defined as the presence of at least two of the following risk factors for metabolic abnormalities: (1) waist circumference ≥ 102 cm in Caucasian men and ≥ 88 cm in women (or ≥ 90 cm in men and ≥ 80 cm in women in Asians); (2) blood pressure ≥ 130/85 mmHg or specific drug treatment; (3) triglyceride (TG) ≥1.7 mmol/L or specific drug treatment; (4) high-density lipoprotein cholesterol (HDL-C) <1.0 mmol/L in men and HDL-C < 1.3 mmol/L in women or specific drug treatment; (5) prediabetes; (6) homeostasis model assessment of insulin resistance score (HOMA-IR) ≥2.5; and (7) high-sensitivity C-reactive protein (hs-CRP) >2 mg/L (1).



2.3 Definition of sarcopenia

According to the National Institutes of Health recommendations for determining the presence of sarcopenia, appendicular lean mass adjusted for body mass index (ALMBMI) is used. ALMBMI = appendicular lean mass (kg)/body mass index (kg/m2), with males <0.789 and females <0.512 considered to have sarcopenia (16). The appendicular lean mass of the extremities was measured by dual-energy X-ray absorptiometry (DXA) whole-body scanning, which was obtained on a Hologic Discovery A optical densitometer (Hologic, Inc., Bedford, Massachusetts) using the Apex 3.2 software version. Trained and certified radiologic technologists perform DXA examinations and more detailed information on the DXA examination program is documented on the NHANES.1 In the NHANES files “DXDLLLE,” “DXDRLLE,” “DXDLALE” and “DXDRALE,” the specific values of limb lean body mass are recorded.



2.4 Calculation of DII

Daily intakes of dietary components in the NHANES database are obtained from 24-h dietary recall interview, and in this study, the average of two 24-h dietary data was used to calculate the DII. The specific calculation methodology is reported in detail elsewhere (11). In the present study, we used 28 different dietary components to estimate DII, including energy, protein, carbohydrate, dietary fiber, vitamins A, B1, B2, B6, B12, C, D, total fat, total saturated fatty acids, total monounsaturated fatty acids, total polyunsaturated fatty acids, n-3 fatty acids, n-6 fatty acids, cholesterol, vitamin E, β-carotene, niacin, folate, magnesium, iron, zinc, selenium, caffeine and alcohol.



2.5 Variables

Variables included in this study were gender, age, race, smoking, body mass index (BMI), Alcohol intake, Significant fibrosis, diabetes, cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and glycosylated hemoglobin (HbA1c). Race was categorized as Mexican American, other Hispanic, Non-Hispanic White, Non-Hispanic Black, non-Hispanic Asian, and other races, BMI was weight (kg)/height (m) squared, and smoking was defined as smoking more than 100 cigarettes in one’s lifetime, which was obtained from a questionnaire. The methods of testing TC, TG, HDL-C, and HbA1c are described in detail on the official NHANES website. Diabetes mellitus was defined as “your doctor has told you that you have diabetes mellitus,” or a fasting blood glucose ≥7.0 mmol/L or a random blood glucose ≥11.1 mmol/L or an HbA1c >6.5%, or taking hypoglycemic medication to lower blood glucose or using insulin.



2.6 Statistical methods

Continuous variables were expressed as mean ± standard deviation and categorical variables were expressed as frequencies and weighted percentages, and weighted linear regression models (for continuous variables), as well as weighted chi-square tests (for categorical variables), were utilized to compare the differences between the two groups. Binary logistic regression was used to analyze the relationship between DII and sarcopenia. Model 1 was unadjusted for variables; model 2 was adjusted for age, race, and BMI; and model 3 was adjusted for age, race, BMI, Alcohol intake, smoking, significant fibrosis, diabetes, TC, TG, HDL-C and HbA1c. In addition, analyses were stratified by age, BMI, and significant fibrosis. Multivariate linear regression was used to estimate the relationship between DII and ALMBMI. Data were analyzed using the R package, EmpowerStats, and Stata, and p < 0.05 was considered statistically significant.




3 Results


3.1 Baseline characteristics of participants

In this study, 917 patients with MAFLD were enrolled with a weighted mean age of 42.58 years and a prevalence of sarcopenia of 13.07%. Participants were categorized into three groups based on DII tertiles: group T1 (n = 305), group T2 (n = 306), and group T3 (n = 306). There was a statistically significant difference in mean age between the three groups (T1: 44.56 ± 11.10 vs. T2: 41.86 ± 11.57 vs. T3: 41.24 ± 12.24, p < 0.001). In addition, participants with higher DII were more likely to be female (T1: 26.89% vs. T2: 54.12% vs. T3: 63.85%, p < 0.001), have a higher prevalence of diabetes mellitus (T1: 13.07% vs. T2: 12.29% vs. T3: 21.24%, p = 0.004), and a higher BMI (T1: 31.43 ± 5.67 vs. T2: 32.58 ± 6.55 vs. T3: 34.21 ± 6.94, p < 0.001), higher TC (T1: 4.84 ± 0.88 vs. T2: 5.08 ± 0.98 vs. T3: 5.21 ± 1.19, p = 0.009), lower alcohol intake (T1: 15.08 ± 24.75 vs. T2: 8.82 ± 24.59 vs. T3: 6.19 ± 14.46, p < 0.001), lower ALMBMI (T1: 0.84 ± 0.17 vs. T2: 0.75 ± 0.18 vs. T3: 0.70 ± 0.17, p < 0.001). In these three groups, there were no statistical differences in smoking (p = 0.056), TG (p = 0.904), HDL-C (p = 0.941), HbA1c (p = 0.168), prevalence of significant fibrosis (p = 0.262) and prevalence of sarcopenia (p = 0.111). Detailed information is shown in Table 1. In female participants, we observed that DII was significantly higher in sarcopenia patients than in non-sarcopenia patients (p < 0.001), whereas there was no statistically significant difference in males (p = 0.568) (Table 2).



TABLE 1 The baseline characteristics of participants (weighted).
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TABLE 2 Comparison of DII by sarcopenia subgroups (weighted).
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3.2 The association between DII and sarcopenia

The association between DII and the risk of prevalence of sarcopenia in NAFLD was analyzed using binary logistic regression models (Table 3). When DII was used as a continuous variable, it was significantly and positively associated with the risk of sarcopenia in women [model 1: odds ratio (OR): 1.42, 95% CI: (1.13, 1.78), p = 0.002]. This relationship remained statistically significant after adjusting for confounders [Model 2: OR: 1.57, 95% CI: (1.24, 1.99), p < 0.001. Model 3: OR: 1.62, 95% CI: (1.27, 2.08), p < 0.001]. In contrast, men had no significant correlation (p > 0.05). When DII was used as a categorical variable, in women, the T3 group had a higher risk of sarcopenia than the T1 group [Model 1: OR: 2.55, 95% CI: (1.09, 5.99), p = 0.031]. After adjusting for age, race, and BMI, the T3 group still exhibited a higher risk of sarcopenia [Model 2: OR: 3.95, 95% CI: (1.65, 9.46), p = 0.002]. After adjusting for age, race, BMI, Alcohol intake, smoking, significant fibrosis, diabetes, TC, TG, HDL-C and HbA1c, the association between DII and the risk of developing sarcopenia did not change [model 3: OR: 4.02, 95% CI: (1.64, 9.82), p = 0.002]. In men, a higher risk of prevalence of sarcopenia in the T2 group than in the T1 group was observed only in Model 2 and Model 3 [Model 2: OR: 2.48, 95% CI: (1.03, 5.96), p = 0.042. Model 3: OR: 2.87, 95% CI: (1.11, 7.41), p = 0.030].



TABLE 3 The association between DII and sarcopenia (weighted).
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3.3 Subgroup analysis

In a stratified analysis according to age (women: P for interaction = 0.938, men: P for interaction = 0.822), BMI (women: P for interaction = 0.357, men: P for interaction = 0.08) were stratified, and the risk of prevalence of DII and sarcopenia among MAFLD patients did not change. The association did not change and still showed a significant positive correlation between DII and the risk of sarcopenia in women, whereas in men, there was no significant correlation. However, after stratifying the participants according to significant fibrosis, higher DII scores related to a higher risk of sarcopenia in men with significant fibrosis [OR: 3.42, 95% CI: (1.08, 10.83), P for interaction = 0.033], and no significant difference among women (P for interaction = 0.580) (Figure 2).

[image: Figure 2]

FIGURE 2
 Forest plot of stratified analysis of the correlation between DII and the risk of sarcopenia in patients with MAFLD.




3.4 The association between DII and ALMBMI

As shown in Table 4, multivariate linear regression analysis showed that DII was negatively associated with ALMBMI in both men and women [women: Model 1: β: −0.008, 95% CI: (−0.014, −0.003), p = 0.004. Model 2: β: −0.007, 95% CI: (−0.012, −0.002), p = 0.010; men: Model 1: β: −0.007, 95% CI: (−0.013, −0.001), p = 0.042. Model 2: β: −0.007, 95% CI: (−0.013, −0.001), p = 0.049] (Table 4).



TABLE 4 Multivariate linear regression model between DII and ALMBMI (weighted).
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4 Discussion

A total of 917 patients with MAFLD were included in this study, which showed that higher DII was significantly associated with the risk of developing sarcopenia in women, whereas no association was found in men. After stratification according to age and BMI, the association between DII and sarcopenia in patients with MAFLD was unchanged. However, after stratification according to significant fibrosis, higher DII scores related to a higher risk of sarcopenia in men with significant fibrosis, and no significant difference among women. These findings suggest that an anti-inflammatory diet may be an effective measure to prevent sarcopenia in patients with MAFLD.

Chronic low-grade inflammation throughout the body is a contributing factor to many chronic non-communicable diseases, and daily diet can influence the level of inflammation in the body. Poor dietary habits may promote the development of chronic inflammation, which in turn affects people’s health. The Mediterranean diet, which is rich in fruits, vegetables, whole grains, and olive oil, is considered an anti-inflammatory dietary pattern, and studies have shown that the Mediterranean diet reduces the level of inflammation in the body (17, 18). Meanwhile, the Mediterranean diet may positively affect biochemical parameters and fatty liver index in individuals with NAFLD (19). On the contrary, a diet high in fructose and fat may increase the level of inflammation in the organism (20). Experimental animal studies have shown that a high fructose diet for 8–12 weeks causes mice to develop fatty liver, with increased disease progression with longer exposure (21). A 6-week fructose-restricted diet (<7.5 g/meal and < 10 g/day) reduces intrahepatic lipid content (22). Therefore, a rational dietary profile can help to reduce the level of body inflammation. Currently, no one diet is the key for the treatment MAFLD, personalized approach maybe. DII can quantify diet-mediated inflammation and be used to assess the impact of dietary inflammation on disease. Studies have shown that higher DII is associated with the risk of developing several chronic diseases, including tumors (23–25), cardiovascular disease (26), Diabetes mellitus (27), Osteoporosis (28). The large prospective study by Petermann-Rocha et al. demonstrated that DII levels are associated with NAFLD severity (29). In addition, a cohort study found that high DII was significantly related to the incidence of NAFLD (30). However, the relationship between DII and sarcopenia in patients with fatty liver disease remains understudied. We associated DII with sarcopenia in patients with MAFLD and found that female patients with higher DII were more likely to develop sarcopenia. Previous studies have shown that higher DII is associated with an elevated risk of sarcopenia in patients with hypertension, asthma, chronic kidney disease, and Crohn’s disease, both in men and women (31–34). Our study showed this relationship only in women. This may be related to estrogen levels in female patients, which decrease as women age leading to muscle atrophy (35). However, in subgroup analyses stratified by significant fibrosis, we found that male patients with significant fibrosis are a particular population and that the higher the DII score, the higher the risk of sarcopenia in male patients with significant hepatic fibrosis. This finding has significant implications for the prevention and treatment of sarcopenia. We also analyzed the relationship between DII and appendicular lean mass. We found that DII was negatively associated with appendicular lean mass adjusted for body mass index. More high-quality studies in different subgroups still need to be added in the future to confirm the relationship between DII and sarcopenia in patients with MAFLD.

A chronic inflammatory state usually accompanies patients with MAFLD. In sarcopenia, the major pro-inflammatory cytokines include TNF-α, IL-6, and interleukin-1 (IL-1) (36). Chronic inflammation may be an essential factor in the development of sarcopenia in patients with MAFLD. Therefore, the mechanism by which a pro-inflammatory diet leads to the development of sarcopenia in patients with MAFLD may be related to inflammatory factors. Controlling the pro-inflammatory diet in patients with MAFLD may be an essential means of preventing sarcopenia. Increasing the intake of anti-inflammatory components (dietary fiber, vitamins, certain unsaturated fatty acids, etc.) and decreasing the intake of pro-inflammatory components (certain saturated fats, cholesterol, etc.) may be effective in preventing the development of sarcopenia in patients with MAFLD. However, the DII score is related to each nutrient component, and excessive control of the pro-inflammatory diet, which results in low intake of energy, protein, etc., may lead to malnutrition and thus loss of skeletal muscle, increasing the risk of sarcopenia (37). Adequate protein intake plays a vital role in ensuring muscle mass (38), and higher protein intake associated with lower prevalence of sarcopenia (39). Therefore, attention should be paid to energy and protein intake while controlling pro-inflammatory diets in patients with MAFLD. Data for this study were obtained from the National Health and Nutrition Examination Survey database, weighted according to officially recommended weights, and participants were representative of the entire U.S. population. Our study provides some valuable information on the dietary aspects of preventing sarcopenia in patients with MAFLD. It gives some reference for the prevention and control of MAFLD combined with sarcopenia. An anti-inflammatory diet may become one of the effective measures for the prevention of sarcopenia; therefore, we recommend that patients with MAFLD reduce the intake of pro-inflammatory dietary components and increase the intake of anti-inflammatory dietary components appropriately. However, the management of MAFLD combined with sarcopenia needs to place greater emphasis on a personalized approach and the acceptance of multiple possible diet solutions.



5 Limitations

The present study has some limitations; first, the dietary components used to calculate DII were obtained from a 24-h dietary recall interview, and recall bias is inevitable. Secondly, this study is a cross-sectional study, which can only conclude the correlation between DII and the occurrence of sarcopenia in the MAFLD population but cannot establish a causal relationship. In retrospective studies, dietary habits and environmental factors, etc., may not be able to match well with this population, so a large number of prospective studies are still needed in the future to confirm this conclusion.



6 Conclusion

The pro-inflammatory diet represented by higher DII scores was significantly associated with the risk of sarcopenia in female patients with MAFLD, with higher DII scores related to a higher risk of sarcopenia. Higher DII scores related to a higher risk of sarcopenia in men with significant fibrosis. DII was negatively correlated with body mass index-adjusted skeletal muscle mass in the extremities. A high DII score is a risk factor for sarcopenia in female patients with MAFLD.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: https://www.cdc.gov/nchs/nhanes/index.htm.



Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XW: Writing – original draft, Writing – review & editing, Investigation, Methodology, Software, Validation, Visualization. RS: Project administration, Supervision, Writing – review & editing. YZ: Data curation, Investigation, Writing – review & editing. JL: Investigation, Methodology, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



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/fnut.2024.1486898/full#supplementary-material



Footnotes

1   https://www.cdc.gov/nchs/nhanes/index.htm



References

 1. Eslam, M, Newsome, PN, Sarin, SK, Anstee, QM, Targher, G, Romero-Gomez, M , et al. A new definition for metabolic dysfunction-associated fatty liver disease: an international expert consensus statement. J Hepatol. (2020) 73:202–9. doi: 10.1016/j.jhep.2020.03.039 

 2. Teng, ML, Ng, CH, Huang, DQ, Chan, KE, Tan, DJH, Lim, WH , et al. Global incidence and prevalence of nonalcoholic fatty liver disease. Clin Mol Hepatol. (2023) 29:S32–42. doi: 10.3350/cmh.2022.0365 

 3. Cruz-Jentoft, AJ, and Sayer, AA. Sarcopenia. Lancet. (2019) 393:2636–46. doi: 10.1016/S0140-6736(19)31138-9, Epub 2019 Jun 3. Erratum in: Lancet. 2019 Jun 29;393(10191):2590. doi: 10.1016/S0140-6736(19)31465-5

 4. Roh, E, Hwang, SY, Yoo, HJ, Baik, SH, Lee, JH, Son, SJ , et al. Impact of non-alcoholic fatty liver disease on the risk of sarcopenia: a nationwide multicenter prospective study. Hepatol Int. (2022) 16:545–54. doi: 10.1007/s12072-021-10258-8 

 5. Feng, Z, Zhao, F, Wang, Z, Tang, X, Xie, Y, and Qiu, L. The relationship between sarcopenia and metabolic dysfunction-associated fatty liver disease among the young and middle-aged populations. BMC Gastroenterol. (2024) 24:111. doi: 10.1186/s12876-024-03192-0 

 6. Harring, M, Golabi, P, Paik, JM, Shah, D, Racila, A, Cable, R , et al. Sarcopenia among patients with nonalcoholic fatty liver disease (NAFLD) is associated with advanced fibrosis. Clin Gastroenterol Hepatol. (2023) 21:2876–2888.e5. doi: 10.1016/j.cgh.2023.02.013 

 7. Zhao, Q, Yin, Y, and Deng, Y. Metabolic associated fatty liver disease and sarcopenia additively increase mortality: a real-world study. Nutr Diabetes. (2023) 13:21. doi: 10.1038/s41387-023-00250-6 

 8. Li, X, He, J, and Sun, Q. The prevalence and effects of sarcopenia in patients with metabolic dysfunction-associated steatotic liver disease (MASLD): a systematic review and meta-analysis. Clin Nutr. (2024) 43:2005–16. doi: 10.1016/j.clnu.2024.07.006 

 9. Haukeland, JW, Damås, JK, Konopski, Z, Løberg, EM, Haaland, T, Goverud, I , et al. Systemic inflammation in nonalcoholic fatty liver disease is characterized by elevated levels of CCL2. J Hepatol. (2006) 44:1167–74. doi: 10.1016/j.jhep.2006.02.011 

 10. Livshits, G, and Kalinkovich, A. A cross-talk between sestrins, chronic inflammation and cellular senescence governs the development of age-associated sarcopenia and obesity. Ageing Res Rev. (2023) 86:101852. doi: 10.1016/j.arr.2023.101852 

 11. Shivappa, N, Steck, SE, Hurley, TG, Hussey, JR, and Hébert, JR. Designing and developing a literature-derived, population-based dietary inflammatory index. Public Health Nutr. (2014) 17:1689–96. doi: 10.1017/S1368980013002115 

 12. Geng, J, Deng, L, Qiu, S, Bian, H, Cai, B, Jin, K , et al. Dietary inflammatory potential and risk of sarcopenia: data from national health and nutrition examination surveys. Aging. (2020) 13:1913–28. doi: 10.18632/aging.202141 

 13. Karlas, T, Petroff, D, Sasso, M, Fan, JG, Mi, YQ, de Lédinghen, V , et al. Individual patient data meta-analysis of controlled attenuation parameter (CAP) technology for assessing steatosis. J Hepatol. (2017) 66:1022–30. doi: 10.1016/j.jhep.2016.12.022 

 14. Eddowes, PJ, Sasso, M, Allison, M, Tsochatzis, E, Anstee, QM, Sheridan, D , et al. Accuracy of FibroScan controlled attenuation parameter and liver stiffness measurement in assessing steatosis and fibrosis in patients with nonalcoholic fatty liver disease. Gastroenterology. (2019) 156:1717–30. doi: 10.1053/j.gastro.2019.01.042 

 15. European Association for the Study of the Liver. Electronic address: easloffice@easloffice.eu; clinical practice guideline panel; chair:; EASL governing board representative:; panel members:. EASL clinical practice guidelines on non-invasive tests for evaluation of liver disease severity and prognosis - 2021 update. J Hepatol. (2021) 75:659–89. doi: 10.1016/j.jhep.2021.05.025

 16. Studenski, SA, Peters, KW, Alley, DE, Cawthon, PM, McLean, RR, Harris, TB , et al. The FNIH sarcopenia project: rationale, study description, conference recommendations, and final estimates. J Gerontol A Biol Sci Med Sci. (2014) 69:547–58. doi: 10.1093/gerona/glu010 

 17. Rodrigues, M, de Castro Mendes, F, Padrão, P, Delgado, L, Paciência, I, Barros, R , et al. Mediterranean diet and airway inflammation in school-aged children. Children. (2023) 10:1305. doi: 10.3390/children10081305 

 18. Haskey, N, Estaki, M, Ye, J, Shim, RK, Singh, S, Dieleman, LA , et al. A Mediterranean diet pattern improves intestinal inflammation concomitant with reshaping of the Bacteriome in ulcerative colitis: a randomised controlled trial. J Crohns Colitis. (2023) 17:1569–78. doi: 10.1093/ecco-jcc/jjad073 

 19. Uluçay Kestane, V, and Baş, M. Efficacy of the Mediterranean diet containing different macronutrients on non-alcoholic fatty liver disease. Nutrients. (2024) 16:2699. doi: 10.3390/nu16162699 

 20. Tan, R, Dong, H, Chen, Z, Jin, M, Yin, J, Li, H , et al. Intestinal microbiota mediates high-fructose and high-fat diets to induce chronic intestinal inflammation. Front Cell Infect Microbiol. (2021) 11:654074. doi: 10.3389/fcimb.2021.654074 

 21. Asgharpour, A, Cazanave, SC, Pacana, T, Seneshaw, M, Vincent, R, Banini, BA , et al. A diet-induced animal model of non-alcoholic fatty liver disease and hepatocellular cancer. J Hepatol. (2016) 65:579–88. doi: 10.1016/j.jhep.2016.05.005 

 22. Simons, N, Veeraiah, P, Simons, PIHG, Schaper, NC, Kooi, ME, Schrauwen-Hinderling, VB , et al. Effects of fructose restriction on liver steatosis (FRUITLESS); a double-blind randomized controlled trial. Am J Clin Nutr. (2021) 113:391–400. doi: 10.1093/ajcn/nqaa332 

 23. Shafiee, NH, Razalli, NH, Shahril, MR, Muhammad Nawawi, KN, Mohd Mokhtar, N, Abd Rashid, AA , et al. Dietary inflammatory index, obesity, and the incidence of colorectal cancer: findings from a hospital-based case-control study in Malaysia. Nutrients. (2023) 15:982. doi: 10.3390/nu15040982 

 24. Silva, ARC, Guandalini, VR, Pereira, TSS, Zhao, L, Wirth, MD, Hébert, JR , et al. Association between dietary inflammatory index and gastric adenocarcinoma: a multicenter case-control study in Brazil. Nutrients. (2023) 15:2867. doi: 10.3390/nu15132867 

 25. Sadeghi, A, Parastouei, K, Seifi, S, Khosravi, A, Salimi, B, Zahedi, H , et al. Inflammatory potential of diet and odds of lung cancer: a case-control study. Nutr Cancer. (2022) 74:2859–67. doi: 10.1080/01635581.2022.2036770 

 26. Ji, M, Hong, X, Chen, M, Chen, T, Wang, J, and Zhang, N. Dietary inflammatory index and cardiovascular risk and mortality: a meta-analysis of cohort studies. Medicine (Baltimore). (2020) 99:e20303. doi: 10.1097/MD.0000000000020303 

 27. King, DE, and Xiang, J. The dietary inflammatory index is associated with diabetes severity. J Am Board Fam Med. (2019) 32:801–6. doi: 10.3122/jabfm.2019.06.190092 

 28. Zhao, S, Gao, W, Li, J, Sun, M, Fang, J, Tong, L , et al. Dietary inflammatory index and osteoporosis: the National Health and nutrition examination survey, 2017-2018. Endocrine. (2022) 78:587–96. doi: 10.1007/s12020-022-03178-6 

 29. Petermann-Rocha, F, Wirth, MD, Boonpor, J, Parra-Soto, S, Zhou, Z, Mathers, JC , et al. Associations between an inflammatory diet index and severe non-alcoholic fatty liver disease: a prospective study of 171,544 UK biobank participants. BMC Med. (2023) 21:123. doi: 10.1186/s12916-023-02793-y 

 30. Valibeygi, A, Davoodi, A, Dehghan, A, Vahid, F, Hébert, JR, Farjam, M , et al. Dietary inflammatory index (DII) is correlated with the incidence of non-alcoholic fatty liver disease (NAFLD): Fasa PERSIAN cohort study. BMC Nutr. (2023) 9:84. doi: 10.1186/s40795-023-00738-5 

 31. Tu, J, Shi, S, Liu, Y, Xiu, J, Zhang, Y, Wu, B , et al. Dietary inflammatory potential is associated with sarcopenia in patients with hypertension: national health and nutrition examination study. Front Nutr. (2023) 10:1176607. doi: 10.3389/fnut.2023.1176607 

 32. Lin, S, Su, X, Chen, L, and Cai, Z. Association of dietary inflammatory index with sarcopenia in asthmatic patients: a cross-sectional study. Front Nutr. (2023) 10:1215688. doi: 10.3389/fnut.2023.1215688 

 33. Mansouri, F, Jafari, F, Ranjbar, S, Souni, F, Jahromi, SE, Shateri, Z , et al. Dietary inflammatory index could increase the risk of sarcopenia in patients with chronic kidney disease. Sci Rep. (2024) 14:15284. doi: 10.1038/s41598-024-65340-6 

 34. Bian, D, Liu, X, Wang, C, Jiang, Y, Gu, Y, Zhong, J , et al. Association between dietary inflammatory index and sarcopenia in Crohn’s disease patients. Nutrients. (2022) 14:901. doi: 10.3390/nu14040901 

 35. Hosoi, T, Yakabe, M, Hashimoto, S, Akishita, M, and Ogawa, S. The roles of sex hormones in the pathophysiology of age-related sarcopenia and frailty. Reprod Med Biol. (2024) 23:e12569. doi: 10.1002/rmb2.12569

 36. Jimenez-Gutierrez, GE, Martínez-Gómez, LE, Martínez-Armenta, C, Pineda, C, Martínez-Nava, GA, and Lopez-Reyes, A. Molecular mechanisms of inflammation in sarcopenia: diagnosis and therapeutic update. Cells. (2022) 11:2359. doi: 10.3390/cells11152359 

 37. Cho, YJ, Cho, MH, Han, B, Park, M, Bak, S, and Park, M. The association between the ratio of energy intake to basal metabolic rate and physical activity to sarcopenia: using the Korea National Health and nutrition examination surveys (2008-2011). Korean J Fam Med. (2020) 41:167–74. doi: 10.4082/kjfm.18.0127 

 38. Park, Y, Choi, JE, and Hwang, HS. Protein supplementation improves muscle mass and physical performance in undernourished prefrail and frail elderly subjects: a randomized, double-blind, placebo-controlled trial. Am J Clin Nutr. (2018) 108:1026–33. doi: 10.1093/ajcn/nqy214 

 39. Chen, S, Lin, X, Ma, J, Li, M, Chen, Y, Fang, AP , et al. Dietary protein intake and changes in muscle mass measurements in community-dwelling middle-aged and older adults: a prospective cohort study. Clin Nutr. (2023) 42:2503–11. doi: 10.1016/j.clnu.2023.10.017 


Copyright
 © 2024 Wang, Shi, Zi and Long. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1486898-t003.jpg
Variable Model 1 Model 2 Model 3

OR (95%Cl) p-value OR (95%Cl) OR (95%CI) p-value

Women

Continuous DIT 142(1.13,1.78) 0.002 157(1.24,1.99) <0.001 162(1.27,2.08) <0.001

Categorical DIl

T1 group 1,00 (reference) 1,00 (reference) 1,00 (reference)

T2 group 154 (0.62,3.80) 0348 1.84(0.69,492) 0219 1.64 (0,59, 4.60) 0344
T3 group 255(1.09,5.99) 0031 395 (1.65,9.46) 0.002 4.02(1.64,9.82) 0.002
Men

Continuous DII 1.04(0.86,1.26) 0670 1.04(0.82,133) 0726 1.04(0.82,133) 0724

Categorical DIl

T group. 1,00 (reference) 100 (reference) 100 (reference)
T2 group 1.97 (0.88, 4.44) 0.100 2.48(1.03, 5.96) 0.042 2.87 (1.11,7.41) 0.030
T3 group 158 (0.67,3.73) 0301 138 (042, 4.49) 0.596 1.41 (043, 4.60) 0.564

Model 1: Unadjusted variables.
Model 2: Adjusted for age, race, BMI
Model 3: adjusted for age, race, BMI, Alcohol intake, smoking, significant ibros

iabetes, TC, TG, HDL-C and HbALC.





OPS/images/fnut-11-1486898-t004.jpg
Model 1 Model 2

B (95%Cl) p-value f(95%Cl) p-value

Women ~0.008 0.004 ~0.007 0010
(~0.014, (=0012,
~0.003) ~0.002)

Men ~0.007 0.042 ~0.005 0.049
(-0.013, (-0.013,0.001)
~0.001)

Model 1: Adjusted for age, race, BMI.
Model 2: adjusted for all remaining variables based on model 1.





OPS/images/fnut-11-1486898-t001.jpg
Variable Total (n = 917) T1 group (n =305) T2 group T3 group p-value

(n=306) (n=306)
Age (years) 25841172 4456£1110 4186£1157 412451224 <0.001
Gender, n (%) <0.001
Male 452 (52.09) 211 (73.11) 137 (45.88) 104 (36.15)
Female 465 (47.91) 94(26.89) 169 (54.12) 202(63.85)
Racefethnicity, n (%) 0.003
Mexican American 185 (14.30) 76 (18.80) 63(1258) 46 (11.33)
Other Hispanic 93(8.69) 37(1056) 25(6.58) 31(865)
Non-Hispanic White 268 (54.56) 70 (47.43) 92(59.14) 106 (57.25)
Non-Hispanic Black 162 (9.65) 38(677) 55(9.04) 69 (13.43)
Non-Hispanic Asian 155 (6.74) 66 (8.30) 53(6.65) 36(5.14)
Other Race 54(6.07) 18 (8.15) 18(571) 18 (4.20)
Smoking, n (%) 0.056
Yes 345 (41.86) 106 (37.99) 113 (40.63) 126 (47.39)
No 572(58.14) 199 (6201) 193(59.37) 180 (52.61)
Diabetes, n (%) 0.004
Yes 178 (15.39) 51(1307) 56(1229) 71(21.24)
No 739 (84.61) 254 (86.93) 250 (87.71) 235(78.76)
Significant fibrosis, n (%) 0.262
Yes 116 (12.26) 39(1199) 40(1031) 37(1465)
No 801(87.74) 266 (88.01) 266 (89.69) 269 (85.35)
Alcohol intake (g) 10122227 150842475 88242459 6191446 <0.001
BMI (Kg/m’) 32714649 31434567 325846.55 34214694 <0.001
TC (mmol/L) 503102 4842088 508098 521119 0.009
TG (mmol/L) 1845187 1794156 1864171 1882234 0.904
HDL-C (mmol/L) 1274034 1262032 128036 1264034 0941
HbAlc (%) 578+1.10 568092 593128 576108 0.168
ALMyy 077018 0842017 075018 070017 <0.001
Sarcopenia, n (%) [
No 770 (86.93) 266 (90.12) 255 (85.79) 249(84.73)
Yes 147 (13.07) 39(9.88) 51(1421) 57(1527)

Mean & standard deviation was used to describe continuous variables, and unweighted frequencies and weighted percentages were used to describe categorical variables. p-values were
calculated using weighted linear regression models for continuous variables and weighted chi-square tests for categorical variables.





OPS/images/fnut-11-1486898-t002.jpg
Variable Women Men

Non-sarcopenia Sarcopenia p-value Non-sarcopenia Sarcopenia p-value






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of dietary inflammatory index with sarcopenia in patients with Metabolic dysfunction-associated fatty liver disease: a cross-sectional study



		1 Introduction



		2 Methods



		2.1 Study population



		2.2 Definition of MAFLD



		2.3 Definition of sarcopenia



		2.4 Calculation of DII



		2.5 Variables



		2.6 Statistical methods









		3 Results



		3.1 Baseline characteristics of participants



		3.2 The association between DII and sarcopenia



		3.3 Subgroup analysis



		3.4 The association between DII and ALMBMI









		4 Discussion



		5 Limitations



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fnut-11-1486898-g001.jpg
Participants of NHANES (2017-2018)

n=9254
R 3542 participants were excluded
due to age <18 years
v
n=5712
55 participants were excluded
due to pregnancy
Y Excluded:
n=5657 Missing dietary data to calculate DIl(n=1461).
Missing data on median CAP and CAP score <
248dB/m(n=1828).
|———| Missing DXA data(n=1371).
The MAFLD diagnostic criteria are not met,and
missing data on related covariates(n=_80).
v

917 participants involved in this

study






OPS/images/fnut-11-1486898-g002.jpg
Subgroups

Age
Age<50

Age>50

IBMI
BMI<30

BMI>30

Significant fibrosis
Yes

No

W Women Women
@ Men OR (95%CD)
— 161 (118, 220)

ot

J— 182 (116, 284)
——

i

i 127 €091, 175)
e

[ 166 (123, 224)
s

i

e 136 (0.72, 257
:‘ -

. 164 (127, 2.10)

P for interaction

0938

0.580

12

Men

OR (95%CI)

0.98

1.00

1.60

095

342

095

€0.76, 127

€0.56, 1.80)

(1.04, 2.44)

€0.74, 122)

(1.08, 10.83)

€0.72, 1.24)

P for interaction
0822

0.08

0.033






OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Association of dietary
inafl mmatory index with
sarcopenia in patients with
Metabolic dysfunction-associated
fatty liver disease: a
cross-sectional study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






