

[image: The change of non-alcoholic fatty liver disease is associated with risk of incident diabetes]
The change of non-alcoholic fatty liver disease is associated with risk of incident diabetes





ORIGINAL RESEARCH

published: 04 May 2023

doi: 10.3389/fendo.2023.1108442

[image: image2]


The change of non-alcoholic fatty liver disease is associated with risk of incident diabetes


Congling Chen 1†‡, Yuecheng Zhang 2†, Yujuan Fan 1, Zhen Ying 1, Qing Su 3, Xiaoying Li 1* and Li Qin 3,4*


1 Department of Endocrinology and Metabolism, Zhongshan Hospital, Fudan University, Shanghai, China, 2 General Practice Department, Affiliated Kunshan Hospital of Jiangsu University, Suzhou, China, 3 Department of Endocrinology and Metabolism, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China, 4 Department of Endocrinology, Chongming Hospital Affiliated to Shanghai University of Health & Medicine Sciences, Shanghai, China




Edited by: 

Nick Giannoukakis, Allegheny Health Network, United States

Reviewed by: 

Fatemeh Moosaie, Tehran University of Medical Sciences, Iran

Mohadeseh Poudineh, Zanjan University of Medical Sciences, Iran

*Correspondence: 
 Li Qin
 qinli@medmail.com.cn 

Xiaoying Li
 li.xiaoying@zs-hospital.sh.cn


†These authors have contributed equally to this work


‡ORCID: 

Congling Chen
 orcid.org/0000-0001-9569-2828

Specialty section: 
 This article was submitted to Clinical Diabetes, a section of the journal Frontiers in Endocrinology


Received: 26 November 2022

Accepted: 05 April 2023

Published: 04 May 2023

Citation:
Chen C, Zhang Y, Fan Y, Ying Z, Su Q, Li X and Qin L (2023) The change of non-alcoholic fatty liver disease is associated with risk of incident diabetes. Front. Endocrinol. 14:1108442. doi: 10.3389/fendo.2023.1108442






Background & aims

The effect of change in non-alcoholic fatty liver disease (NAFLD) status on incident diabetes has not been well studied. We aimed to investigate the association of NAFLD development and remission with the risk of incident diabetes during a median of 3.5-year follow-up.





Methods

A total of 2690 participants without diabetes were recruited in 2011-2012 and assessed for incident diabetes in 2014. Abdominal ultrasonography was used to determine the change of NAFLD. 75 g oral glucose tolerance test (OGTT) was performed to determine diabetes. NAFLD severity was assessed using Gholam’s model. The odds ratios (ORs) for incident diabetes were estimated by logistic regression models.





Results

NAFLD was developed in 580 (33.2%) participants and NAFLD remission occurred in 150 (15.9%) participants during a median of 3.5-year follow-up. A total of 484 participants developed diabetes during follow-up, including 170 (14.6%) in consistent non-NAFLD group, 111 (19.1%) in NAFLD developed group, 19 (12.7%) in NAFLD remission group, and 184 (23.2%) in sustained NAFLD group. The development of NAFLD increased the risk of incident diabetes by 43% (OR, 1.43; 95%CI, 1.10-1.86) after adjustment for multiple confounders. Compared with sustained NAFLD group, remission of NAFLD reduced the risk of incident diabetes by 52% (OR, 0.48; 95%CI, 0.29-0.80). The effect of NAFLD alteration on incident diabetes was not changed after adjustment for body mass index or waist circumference, change of body mass index or waist circumference. In NAFLD remission group, participants with non-alcoholic steatohepatitis (NASH) at baseline were more likely to develop diabetes (OR, 3.03; 95%CI, 1.01-9.12).





Conclusions

NAFLD development increases the risk of incident diabetes, whereas NAFLD remission reduces the risk of incident diabetes. Moreover, presence of NASH at baseline could attenuate the protective effect of NAFLD remission on incident diabetes. Our study suggests that early intervention of NAFLD and maintenance of non-NAFLD are important for prevention of diabetes.





Keywords: non-alcoholic fatty liver disease, incident diabetes, obesity, type2 diabetes mellitus (T2DM), prevention





Introduction

Type 2 diabetes mellitus (T2DM) poses a serious challenge for human health due to complicated cardiovascular diseases and mortality (1). The prevalence of diabetes is rapidly increased (2, 3), therefore, it is urgent to identify risk factors for incident diabetes in order to prevent major complications. Accumulating evidence has demonstrated that non-alcoholic fatty liver disease (NAFLD) is emerging as a leading cause of chronic liver disease worldwide in the past two decades (4). The close association of NAFLD and diabetes has been well determined. In patients with diabetes the prevalence of NAFLD is as high as 40-70% (5) and NAFLD patients are usually accompanied with impaired glucose metabolism as well (6, 7). A long-term effect of NAFLD on incident T2DM risk has been reported. A 19-year cohort study reported that the risk of T2DM was increased by 11.7 folds in NAFLD subjects as compared to the general population (8). Sinn Dong Hyun reported that NAFLD subjects with either normal weight or overweight/obesity was an independent risk for incident diabetes (9). Of note, the co-existence of NAFLD and diabetes results in worse hepatic injury, as the presence of diabetes accelerates the progression of simple fatty liver to steatohepatitis, cirrhosis, and hepatocellular carcinoma (10). Moreover, unfavorable extrahepatic disease risks should be highlighted. The co-existence of NAFLD in patients with diabetes leads to an increased risk of chronic kidney disease (1.87-fold), cardiovascular disease (1.96-fold), and cardiovascular mortality (3.46-fold), imposing a heavy burden on global healthcare systems (11–14).

NAFLD can be dynamic across the lifespan, changing from remission to worsening. As the pathophysiology of the association between NAFLD development and incident diabetes has been well illustrated, which involves insulin resistance, increased lipogenesis, overproduced hepatic glucose, and dysregulated hepatokines thus contributing to β-cell dysfunction, the change in NAFLD status might modify the risk of diabetes (15, 16). Several previous studies have proved that the risk of incident diabetes was increased with the development of fatty liver and worsening of fatty liver (17). However, the effect of remission of NAFLD on incident diabetes has not been well studied. As NAFLD could be ameliorated by clinical intervention (18, 19), targeting the effect of the change in NAFLD, especially the improvement of NAFLD might be important for diabetes prevention.

In the present study, we explored whether the development and remission of NAFLD increased and reduced the risk of incident diabetes in a prospective cohort.





Materials and methods




Subjects and study design

Our cohort study was conducted in the Chongming District, Shanghai and the detailed information about study design, eligibility criteria, and sampling has been described previously (20). In brief, a total of 9930 participants received a baseline survey from 2011 to 2012 and 7707 participants completed the follow-up survey in 2014. In our present study, 3577 subjects who had complete baseline and follow-up information were included. Those individuals with diabetes at baseline (n=771), a history of known liver disease including viral or autoimmune hepatitis, liver cancer, or cirrhosis (n=35), abusing alcohol (alcohol consumption >140 g/week in men or >70 g/week in women, n=75), or missing information of fatty liver (n=6) were excluded. Finally, 2690 participants were included for this analysis. Our prospective cohort study was approved by the Ethical Committee of Zhongshan Hospital, Fudan University, and each participant was provided with a written informed consent.





Clinical and laboratory evaluation

Standard questionnaires were employed to obtain the information about demographic characteristics, lifestyles, history of diseases and medication on site conducted by trained investigators. Body weight and height were obtained in light clothes and bare feet to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI) was derived from weight in kilograms divided by square of height in meters. Waist circumference (WC) was measured at the level of umbilicus in a standing position. Blood pressure was measured on non-dominant arm at a seated position, three times consecutively with 1-min rest and 10-min interval using an automated electronic sphygmomanometer (OMRON Model HEM-752 FUZZY’ Omron Co., Dalian, China). The average value of three readings was used. Current smokers were defined as participants regularly consuming cigarettes (duration> 6 months) right before the survey. Former smokers were defined as participants with a history of cigarettes consuming for longer than 6 months and having quitted smoking at the time of survey. Similarly, current drinkers were defined as participants regularly consuming alcohol (duration > 6 months) right before the survey. Former drinkers were defined as participants with a history of alcohol consuming for longer than 6 months and having quitted drinking at the time of survey.

Blood samplings were done two times, one at baseline and another at the 3.5-year follow-up. Fasting venous blood samples were collected after at least 10-h fasting. Serum triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), alanine aminotransferase (ALT), alanine aminotransferase (AST), gamma-glutamyl transpeptidase (GGT) were measured on the auto analyser (Modular E170, Roche).





Diabetes definition

A 75g oral glucose tolerance test (OGTT) was conducted and blood samples at 0h and 2h after glucose load were collected. Fasting blood glucose (FBG) and 2-h post-load glucose levels were measured using glucose oxidase method on an auto analyser (Modular P800, Roche). Serum insulin was measured by an electrochemiluminescence assay (Modular E170, Roche). The homeostasis model assessment of insulin resistance index (HOMA_IR) was calculated as fasting insulin (μIU/ml) × fasting glucose (mmol/L)/22.5. Glycated hemoglobin (HbA1c) was measured by high-performance liquid chromatography. According to American Diabetes Association 2010 criteria, diabetes mellitus was defined as 1) self-reported doctor-diagnosed diabetes or taking antidiabetic medications, and/or 2) FBG levels ≥ 7.0 mmol/L and/or, 3) 2h post-load glucose levels ≥ 11.1 mmol/L, and/or 4) HbA1c concentration ≥ 6.5% (48mmol/mol). In the absence of unequivocal hyperglycemia, diagnosis requires two abnormal test results from the same sample or in two separate test samples.





NAFLD definition

NAFLD was diagnosed by ultrasonography with exclusion of a history of known liver diseases. Liver ultrasonography was operated by two specialists who were blinded to clinical data using a high-resolution B-mode tomographic ultrasound system (Esaote Biomedica SpA, Italy) equipped with a 3.5-MHz probe. Fatty liver was defined as the presence of at least two of the following three findings: 1) diffusely increased echogenicity of the liver relative to kidney; 2) ultrasound beam attenuation; 3) poor visualization of intrahepatic structures. The definitions for NAFLD development were absence of NAFLD at baseline and presence of NAFLD at the end of follow-up, NAFLD remission presence of NAFLD at baseline and absence of NAFLD at the end of follow-up, consistent non-NAFLD absence of NAFLD at baseline till the end of follow-up and sustained NAFLD presence of NAFLD at baseline till the end of follow-up. Non-invasive NAFLD scores was used to assess the non-alcoholic steatohepatitis (NASH). Gholam’s model was calculated as 2.627 * ln AST + 2.13 for diabetics, with a cut-off for predicting NASH of 8.22 (21, 22).





Statistical analysis

Normally distributed continuous variables were presented as means with standard deviations (SDs), whereas skewed distributed continuous variables were presented as geometrical median and interquartile range. Continuous variables were compared by student t tests and one-way analysis of variance (ANOVA), whereas skewed distributed variables were compared by Mann Whitney U and Kruskal Wallis tests. Categorical variables were expressed as proportions and compared across groups using chi-square tests or fisher exact test. The unadjusted and multivariate adjusted logistic regression analyses were performed to investigate the odds ratios of new development and remission of NAFLD on the risk of incident diabetes. In the NAFLD remission group, logistic regression analysis was further performed to compare the risk of incident diabetes between subjects with or without steatohepatitis at baseline. Statistical analyses were performed on SPSS version 26 (IBM Corp., Armonk, NY). A two-sided p value less than 0.05 was considered as statistical significance.






Results




Baseline characteristics of participants with and without incident type 2 diabetes

The present study included 2690 participants free of diabetes at baseline from 2011 to 2012, and followed up in 2014. Diabetes developed in 484 subjects (18.0%). The baseline characteristics of participants by incident diabetes at follow-up were shown in Table 1. Participants who developed diabetes were older (p = 0.006), had higher BMI and WC, higher concentrations of TC, TG (all p < 0.0001) and LDL-C (p = 0.01) at baseline. The incidence of diabetes was 21.5% in subjects with presence of NAFLD at baseline and 16.1% in subjects without NAFLD at baseline (21.5% VS 16.1%, p < 0.0001).


Table 1 | Baseline characteristics of participants with and without incident type 2 diabetes: demographics and laboratory values.







The association of NAFLD alteration with incident diabetes

Table 2 showed the change of NAFLD during 3.5-year follow-up. Of 1746 non-NAFLD subjects at baseline, 580 (33.2%) participants developed NAFLD and 1166 (66.8%) was consistently free of NAFLD throughout the follow-up. Of 944 NAFLD subjects at baseline, 150 participants (15.9%) had NAFLD remission and 794 (84.1%) participants had sustained NAFLD. We then investigated the association of NAFLD alteration and incident diabetes. 170 of 1166 (14.6%) participants with consistent non-NAFLD developed diabetes, whereas 184 of 794 (23.2%) participants with sustained NAFLD developed diabetes. In contrast, 111 of 580 (19.1%) subjects with NAFLD development developed diabetes, and 19 of 150 (12.7%) subjects with NAFLD remission developed diabetes.


Table 2 | (A) NAFLD status at baseline and follow-up.




(B) | Incident diabetes according to baseline and follow-up NAFLD status







The risk for incident diabetes according to NAFLD alteration by logistic regression analysis

Table 3 showed the baseline clinical and biochemical characteristics according to NAFLD alterations during 3.5-year follow-up. The subjects with consistent non-NAFLD were younger by age, had lower BMI, WC, blood pressure, plasma glucose, TG, and higher HDL-C, whereas sustained-NAFLD group was older and had higher BMI, WC, blood pressure, plasma glucose, insulin resistance, and more adverse lipid metabolism at baseline (all p < 0.0001). There were no significant differences in smoking or drinking status across four groups.


Table 3 | Baseline characteristics of the cohort stratified by NAFLD status at baseline and at follow up.



Then logistic regression analyses were performed to study the effect of NAFLD alteration on the risk of incident diabetes (Figure 1). After adjustment for age, gender, smoking and drinking status, subjects with NAFLD development had a significantly higher risk for diabetes as compared with sustained non-NAFLD group (OR, 1.43; 95%CI, 1.10-1.86). The risk was not changed after further adjustment for BMI (OR, 1.36; 95%CI, 1.03-1.79) or WC (OR, 1.38; 95%CI, 1.05-1.81). After adjustment for age, gender, smoking and drinking status, subjects with remission of NAFLD had a significantly decreased risk for diabetes as compared with sustained NAFLD (OR, 0.48; 95%CI, 0.29-0.80). The decreased risk was not changed after further adjustment for BMI (OR, 0.49; 95%CI, 0.30-0.83) or WC (OR, 0.49; 95%CI, 0.29-0.82). Since change in NAFLD status is always accompanied with change of BMI or WC, and meanwhile BMI and WC have strong associations with incident diabetes, therefore we assessed the risk after adjustment for BMI change and WC change in the existing model, respectively. The results showed that the association of change of NAFLD status with incident diabetes was independent of the change of BMI and WC (Figure 2).




Figure 1 | Odds ratios for incident diabetes according to change in NAFLD status between baseline and follow-up. Data are presented as Odds ratios (ORs), and the corresponding 95%CI in each group. Logistic regression models were used to estimate the ORs, 95% CIs, and P values. Model 1: adjusted for age, gender; Model 2: adjusted for age, gender, smoking and drinking status; Model 2: adjusted for age, gender, smoking and drinking status, baseline BMI; Model 4: adjusted for age, gender, smoking and drinking status, baseline WC. No-yes: absence of NAFLD at baseline but presence of NAFLD at follow-up; No-no: absence of NAFLD at baseline till the follow-up; Yes-no: presence of NAFLD at baseline but absence of NAFLD at follow-up; Yes-yes: presence of NAFLD at baseline till the follow-up.






Figure 2 | Odds ratios for incident diabetes after adjustment for change of BMI and WC. All adjusted for age, sex, smoking and drinking status, baseline BMI and baseline WC.







The association between baseline NAFLD severity and risk of incident diabetes in NAFLD remission group

In order to investigate what might contribute to the incidence of diabetes in subjects whose NAFLD remitted, we then calculated the Gholam’s model to assess their NAFLD severity at baseline. 27 of 150 (18.0%) subjects were identified with NASH at baseline. The incidence of diabetes in subjects with NASH at baseline was obviously higher than in those without NASH at baseline (25.9% VS 9.8%, p=0.048) (Supplemental Table 1). In the age, gender adjusted- logistic model, presence of NASH at baseline increased risk of incident diabetes in participants with NAFLD remission (OR, 3.08; 95%CI, 1.05-8.99). After further adjustment for smoking and drinking status, and baseline BMI, the association persisted (OR, 3.03; 95%CI, 1.01-9.12) (Table 4).


Table 4 | Odds ratios for incident diabetes according to Gholam’s model assessment at baseline in the NAFLD remission group.








Discussion

NAFLD is indicative of intrahepatic triglyceride accumulation and strongly associated with diabetes (15) and cardiovascular disease (23). Previous studies have indicated that NAFLD patients were more likely to have impaired glucose regulation and to develop type 2 diabetes (5, 6). Park SK et al. have revealed that, compared to non-NAFLD participants, mild to moderate NAFLD patients increased the risk of incident diabetes by 42% and moderate to severe NAFLD increased the risk of incident diabetes by 158% in 5-year follow-up. The associations were independent of age, BMI, smoking status, regular exercise or family history of diabetes (24). Given that liver fat content is variable, NAFLD status can change from remission to worsening. As the pathophysiology of the interplay between NAFLD and incident diabetes has been elucidated, the change in NAFLD status might modify the risk of incident diabetes. However, the association of the change of NAFLD status, especially the NAFLD remission with incident diabetes has not been well studied.

Our present study showed that new development of NAFLD increased the incident diabetes, in accordance with previous studies (25, 26). Yamazaki H et al. reported that NAFLD remission reduced the risk of incident diabetes (25), whereas, the association was not observed by Sung KC et al., probably due to they adopted different controls, the former focused on whether NAFLD remission reduced the risk of incident diabetes, and the latter focused on whether people had an increased risk of diabetes even if NAFLD resolved (27). In our study, NAFLD remission markedly decreased the incident diabetes compared with sustained NAFLD. Since NAFLD status was changeable, and NAFLD remission reduced risk of incident diabetes, targeting the improvement of NAFLD might be important to prevent diabetes. NAFLD could be ameliorated by lifestyle intervention, including lifestyle modification and physical exercise, medications, and bariatric surgery as well (18, 19, 28, 29). Petersen KF et al. reported that 8% of body weight loss by caloric restriction could reverse NAFLD and hepatic insulin resistance and further normalized plasma glucose levels in patients with diabetes (30). Taylor R et al. demonstrated that removal of excess intrahepatic fat via substantial weight loss can normalize hepatic insulin responsiveness, which was required remission in human type 2 diabetes (31). They revealed that both fatty liver and diabetes were closely associated with hepatic insulin resistance and speculated that fatty liver played a central role in the progression of diabetes (32).

Our data indicated that remission of NAFLD reduced the risk of incident diabetes, which might be explained by: 1) the improvement of hepatic insulin resistance; 2) alteration of hepatokine production, such as a reduction of fetuin A levels (33). Liver fat content is an important regulator of hepatic insulin sensitivity, and hepatic insulin sensitivity was found to be a strong predictor of glucose tolerance. And decreased liver fat is always accompanied by a decrease in serum Fetuin A levels. Fetuin A can induce insulin resistance by interruption of insulin receptors and activation of toll-like receptors (34).

However, there were still a proportion of subjects developing diabetes even though their NAFLD remitted. A meta-analysis in 501,022 adult individuals showed that patients with more ‘severe’ NAFLD were also more likely to develop incident diabetes (17). Similarly, we found in participants with NAFLD remission, those predicted to have NASH at baseline were more likely to develop diabetes. This indicated that increased severity of NAFLD (ie. NASH) at baseline could attenuate the protective effect of NAFLD remission. Therefore, early intervention of NAFLD is important.




Strengths and limitations

The strengths of the present study are as follows. First, we focused on change in NAFLD status as effects of alcohol consuming and other liver diseases were ruled out. We conducted a well-designed longitudinal cohort and reported the effect of NAFLD status change, including new development and remission of NAFLD on incident diabetes in a 3.5-year Chinese cohort population for the first time. Third, standardized collection of covariates allowed for adjustment for potential confounders. We also have some limitations. First, the study was performed in middle-aged and older Chinese population and cannot be generalized to adolescent or other ethnical populations. Second, NAFLD was determined by ultrasonography, which had limited sensitivity to detect low-level liver fat, limiting the generalizability of our study to earlier stages of NAFLD. NASH were assessed by non-invasive score instead of gold-standard hepatic biopsy. Third, diagnoses of diabetes and NAFLD were only made at baseline and the 3.5-year follow-up, so it might not differentiate which one developed first, and an annual screening for incident diabetes could be helpful.






Conclusion

In conclusion, the change of NAFLD is associated with the change of risk of diabetes. NAFLD development increases the risk of incident diabetes, whereas NAFLD remission decreases the risk of incident diabetes, after adjustment for multiple potential confounders. Moreover, presence of NASH at baseline could attenuate the protective effict of NAFLD remission on incident diabetes. Therefore, our study indicates that early intervention of NAFLD and maintenance of non-NAFLD are important for prevention of diabetes.





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 authors.





Ethics statement

The studies involving human participants were reviewed and approved by The Ethical Committee of Zhongshan Hospital, Fudan University. The patients/participants provided their written informed consent to participate in this study.





Author contributions

LQ and XL contributed to the conception and design of the study. ZY, and YF contributed to the acquisition of data. CC, and YZ analyzed the data. CC wrote the manuscript. QS reviewed and revised the manuscript. All authors read and approved the final manuscript. All authors contributed to the article and approved the submitted version.





Funding

This work was supported by grants from the National Natural Science Foundation of China (Nos.31830041, 81820108008).




Acknowledgments

The authors are grateful to the field investigators for their work and the participants for their cooperation.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1108442/full#supplementary-material

Supplementary Table 1 | Changes in clinical parameters of participants stratified by NAFLD status at baseline and at follow up.

Supplementary Table 2 | Incident diabetes according to Gholam’s model assessment at baseline in the NAFLD remission group. Data are presented as number and percentage. P values was compared among groups using chi-square test. P value < 0.05 was defined as statistically significant.

Supplementary Table 3 | Incident diabetes according to BARD score assessment at baseline in the NAFLD remission group. Data are presented as number and percentage. P values was compared among groups using chi-square test. P value < 0.05 was defined as statistically significant.

Supplementary Table 4 | Incident diabetes according to BAAT score assessment at baseline in the NAFLD remission group. Data are presented as number and percentage. P values was compared among groups using chi-square test. P value < 0.05 was defined as statistically significant.



Abbreviations

NAFLD, non-alcoholic fatty liver disease; OGTT, oral glucose tolerance test; ORs, odds ratios; NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus; BMI, body mass index; WC, waist circumference; TG, triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; FBG, fasting blood glucose; HbA1c, glycated hemoglobin; SD, standard deviations; ANOVA, one-way analysis of variance.




References

1. Rawshani, A, Rawshani, A, Franzén, S, Sattar, N, Eliasson, B, Svensson, AM, et al. Risk factors, mortality, and cardiovascular outcomes in patients with type 2 diabetes. N Engl J Med (2018) 379(7):633–44. doi: 10.1056/NEJMoa1800256

2. Sun, H, Saeedi, P, Karuranga, S, Pinkepank, M, Ogurtsova, K, Duncan, BB, et al. IDF diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract (2022) 183:109119. doi: 10.1016/j.diabres.2021.109119

3. Wang, L, Peng, W, Zhao, Z, Zhang, M, Shi, Z, Song, Z, et al. Prevalence and treatment of diabetes in China, 2013-2018. Jama (2021) 326(24):2498–506. doi: 10.1001/jama.2021.22208

4. Xiao, J, Wang, F, Wong, NK, He, J, Zhang, R, Sun, R, et al. Global liver disease burdens and research trends: analysis from a Chinese perspective. J Hepatol (2019) 71(1):212–21. doi: 10.1016/j.jhep.2019.03.004

5. Lonardo, A, Nascimbeni, F, Mantovani, A, and Targher, G. Hypertension, diabetes, atherosclerosis and NASH: cause or consequence? J Hepatol (2018) 68(2):335–52. doi: 10.1016/j.jhep.2017.09.021

6. Jimba, S, Nakagami, T, Takahashi, M, Wakamatsu, T, Hirota, Y, Iwamoto, Y, et al. Prevalence of non-alcoholic fatty liver disease and its association with impaired glucose metabolism in Japanese adults. Diabetes Med (2005) 22(9):1141–5. doi: 10.1111/j.1464-5491.2005.01582.x

7. Zupo, R, Castellana, F, Panza, F, Castellana, M, Lampignano, L, Cincione, RI, et al. Non alcoholic fatty liver disease is positively associated with increased glycated haemoglobin levels in subjects without diabetes. J Clin Med (2021) 10(8):1695. doi: 10.3390/jcm10081695

8. Hirose, S, Matsumoto, K, Tatemichi, M, Tsuruya, K, Anzai, K, Arase, Y, et al. Nineteen-year prognosis in Japanese patients with biopsy-proven nonalcoholic fatty liver disease: lean versus overweight patients. PloS One (2020) 15(11):e0241770. doi: 10.1371/journal.pone.0241770

9. Sinn, DH, Kang, D, Cho, SJ, Paik, SW, Guallar, E, Cho, J, et al. Lean non-alcoholic fatty liver disease and development of diabetes: a cohort study. Eur J Endocrinol (2019) 181(2):185–92. doi: 10.1530/EJE-19-0143

10. Kanwal, F, Kramer, JR, Li, L, Dai, J, Natarajan, Y, Yu, X, et al. Effect of metabolic traits on the risk of cirrhosis and hepatocellular cancer in nonalcoholic fatty liver disease. Hepatology (2020) 71(3):808–19. doi: 10.1002/hep.31014

11. Targher, G, Bertolini, L, Rodella, S, Zoppini, G, Lippi, G, Day, C, et al. Non-alcoholic fatty liver disease is independently associated with an increased prevalence of chronic kidney disease and proliferative/laser-treated retinopathy in type 2 diabetic patients. Diabetologia (2008) 51(3):444–50. doi: 10.1007/s00125-007-0897-4

12. Xia, MF, Bian, H, and Gao, X. NAFLD and diabetes: two sides of the same coin? rationale for gene-based personalized NAFLD treatment. Front Pharmacol (2019) 10:877. doi: 10.3389/fphar.2019.00877

13. Targher, G, Bertolini, L, Rodella, S, Tessari, R, Zenari, L, Lippi, G, et al. Nonalcoholic fatty liver disease is independently associated with an increased incidence of cardiovascular events in type 2 diabetic patients. Diabetes Care (2007) 30(8):2119–21. doi: 10.2337/dc07-0349

14. Kim, D, Kim, WR, Kim, HJ, and Therneau, TM. Association between noninvasive fibrosis markers and mortality among adults with nonalcoholic fatty liver disease in the united states. Hepatology (2013) 57(4):1357–65. doi: 10.1002/hep.26156

15. Stefan, N, and Cusi, K. A global view of the interplay between non-alcoholic fatty liver disease and diabetes. Lancet Diabetes Endocrinol (2022) 10(4):284–96. doi: 10.1016/S2213-8587(22)00003-1

16. Stefan, N, Schick, F, Birkenfeld, AL, Häring, HU, and White, MF. The role of hepatokines in NAFLD. Cell Metab (2023) 35(2):236–52. doi: 10.1016/j.cmet.2023.01.006

17. Mantovani, A, Petracca, G, Beatrice, G, Tilg, H, Byrne, CD, and Targher, G. Non-alcoholic fatty liver disease and risk of incident diabetes mellitus: an updated meta-analysis of 501 022 adult individuals. Gut (2021) 70(5):962–9. doi: 10.1136/gutjnl-2020-322572

18. Zhang, HJ, He, J, Pan, LL, Ma, ZM, Han, CK, Chen, CS, et al. Effects of moderate and vigorous exercise on nonalcoholic fatty liver disease: a randomized clinical trial. JAMA Intern Med (2016) 176(8):1074–82. doi: 10.1001/jamainternmed.2016.3202

19. Mantovani, A, Byrne, CD, and Targher, G. Efficacy of peroxisome proliferator-activated receptor agonists, glucagon-like peptide-1 receptor agonists, or sodium-glucose cotransporter-2 inhibitors for treatment of non-alcoholic fatty liver disease: a systematic review. Lancet Gastroenterol Hepatol (2022) 7(4):367–78. doi: 10.1016/S2468-1253(21)00261-2

20. Yang, Z, Zhang, H, Niu, Y, Zhang, W, Zhu, L, Li, X, et al. Circulating periostin in relation to insulin resistance and nonalcoholic fatty liver disease among overweight and obese subjects. Sci Rep (2016) 6:37886. doi: 10.1038/srep37886

21. Gholam, PM, Flancbaum, L, Machan, JT, Charney, DA, and Kotler, DP. Nonalcoholic fatty liver disease in severely obese subjects. Am J Gastroenterol (2007) 102(2):399–408. doi: 10.1111/j.1572-0241.2006.01041.x

22. Choi, JW, Lee, CH, and Park, JS. Comparison of laboratory indices of non-alcoholic fatty liver disease for the detection of incipient kidney dysfunction. PeerJ (2019) 7:e6524. doi: 10.7717/peerj.6524

23. Targher, G, Byrne, CD, Lonardo, A, Zoppini, G, and Barbui, C. Non-alcoholic fatty liver disease and risk of incident cardiovascular disease: a meta-analysis. J Hepatol (2016) 65(3):589–600. doi: 10.1016/j.jhep.2016.05.013

24. Park, SK, Seo, MH, Shin, HC, and Ryoo, JH. Clinical availability of nonalcoholic fatty liver disease as an early predictor of type 2 diabetes mellitus in Korean men: 5-year prospective cohort study. Hepatology (2013) 57(4):1378–83. doi: 10.1002/hep.26183

25. Yamazaki, H, Tsuboya, T, Tsuji, K, Dohke, M, and Maguchi, H. Independent association between improvement of nonalcoholic fatty liver disease and reduced incidence of type 2 diabetes. Diabetes Care (2015) 38(9):1673–9. doi: 10.2337/dc15-0140

26. Cho, HJ, Hwang, S, Park, JI, Yang, MJ, Hwang, JC, Yoo, BM, et al. Improvement of nonalcoholic fatty liver disease reduces the risk of type 2 diabetes mellitus. Gut Liver (2019) 13(4):440–9. doi: 10.5009/gnl18382

27. Sung, KC, Wild, SH, and Byrne, CD. Resolution of fatty liver and risk of incident diabetes. J Clin Endocrinol Metab (2013) 98(9):3637–43. doi: 10.1210/jc.2013-1519

28. Powell, EE, Wong, VW, and Rinella, M. Non-alcoholic fatty liver disease. Lancet (2021) 397(10290):2212–24. doi: 10.1016/S0140-6736(20)32511-3

29. Lee, Y, Doumouras, AG, Yu, J, Brar, K, Banfield, L, Gmora, S, et al. Complete resolution of nonalcoholic fatty liver disease after bariatric surgery: a systematic review and meta-analysis. Clin Gastroenterol Hepatol (2019) 17(6):1040–60.e11. doi: 10.1016/j.cgh.2018.10.017

30. Petersen, KF, Dufour, S, Befroy, D, Lehrke, M, Hendler, RE, and Shulman, GI. Reversal of nonalcoholic hepatic steatosis, hepatic insulin resistance, and hyperglycemia by moderate weight reduction in patients with type 2 diabetes. Diabetes (2005) 54(3):603–8. doi: 10.2337/diabetes.54.3.603

31. Taylor, R, Al-Mrabeh, A, Zhyzhneuskaya, S, Peters, C, Barnes, AC, Aribisala, BS, et al. Remission of human type 2 diabetes requires decrease in liver and pancreas fat content but is dependent upon capacity for β cell recovery. Cell Metab (2018) 28(4):547–56.e3. doi: 10.1016/j.cmet.2018.07.003

32. Taylor, R, Al-Mrabeh, A, and Sattar, N. Understanding the mechanisms of reversal of type 2 diabetes. Lancet Diabetes Endocrinol (2019) 7(9):726–36. doi: 10.1016/S2213-8587(19)30076-2

33. Meex, RCR, and Watt, MJ. Hepatokines: linking nonalcoholic fatty liver disease and insulin resistance. Nat Rev Endocrinol (2017) 13(9):509–20. doi: 10.1038/nrendo.2017.56

34. Mukhuty, A, Fouzder, C, and Kundu, R. Blocking TLR4-NF-κB pathway protects mouse islets from the combinatorial impact of high fat and fetuin-a mediated dysfunction and restores ability for insulin secretion. Mol Cell Endocrinol (2021) 532:111314. doi: 10.1016/j.mce.2021.111314




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.


Copyright © 2023 Chen, Zhang, Fan, Ying, Su, Li and Qin. 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.


OEBPS/Images/fendo-14-1108442-g001.jpg
NAFLD status at baseline and follow-up

Model1

No-yes vs No-no
Yes-no vs No-no
Yes-yes vs No-no
No-yes vs Yes-yes
Yes-no vs Yes-yes
Model2

No-yes vs No-no
Yes-no vs No-no
Yes-yes vs No-no
No-yes vs Yes-yes
Yes-no vs Yes-yes
Model3

No-yes vs No-no
Yes-no vs No-no
Yes-yes vs No-no
No-yes vs Yes-yes
Yes-no vs Yes-yes
Modeld

No-yes vs No-no
Yes-no vs No-no
Yes-yes vs No-no
No-yes vs Yes-yes
Yes-no vs Yes-yes

01 05 1
0Odds Ratios

OR (35%C1)

1.42 (1.09-1.85)
0.84 (0.51-1.41)
1.75 (1.39-2.21)
0.81(0.62-1.06)
0.48 (0.29-0.80)

1.43 (1.10-1.86)
0.84 (0.50-1.39)
1.75 (1.39-2.21)
082 (0.63-1.07)
0.48 (0.29-0.80)

1.36 (1.03-1.79)
0.78 (0.47-1.32)
1.59 (1.20-2.09)
086 (0.65-1.13)
0.49 (0.30-0.83)

1.38 (1.05-1.81)
0.79(0.47-1.33)
1.62 (1.23-2.13)
085 (0.64-1.12)
0.49 (0.29-0.82)

P Value

0.009
0.52
<0.001
012
0.005

0.008
0.49
<0.001
0.14
0.005

0.029
0.36
0.001
0.28
0.007

0.023
038
0.001
0.25
0.006





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The change of non-alcoholic fatty liver disease is associated with risk of incident diabetes

      

        		

          Background & aims

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Subjects and study design

          



          		

            Clinical and laboratory evaluation

          



          		

            Diabetes definition

          



          		

            NAFLD definition

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics of participants with and without incident type 2 diabetes

          



          		

            The association of NAFLD alteration with incident diabetes

          



          		

            The risk for incident diabetes according to NAFLD alteration by logistic regression analysis

          



          		

            The association between baseline NAFLD severity and risk of incident diabetes in NAFLD remission group

          



        



        



        		

          Discussion

        

          		

            Strengths and limitations

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2023.1108442_cover.jpg
& frontiers | Frontiers in Endocrinology

The change of non-alcoholic fatty liver
disease is associated with risk of incident
diabetes





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2a.jpg
Follow-up NAFLD status

No NAFLD P value
Baseline NAFLD status (n=1316)
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(n=1746) (66.8%) (33.2%)
<0.0001
NAFLD 150/944 794/944
(n=944) (15.9%) (84.1%)

Data are presented as number and percentage. P values was compared among groups using chi-square test. P value < 0.05 was defined as statistically significant.
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NAFLD status

Sustained non-NAFLD New NAFLD Remission of NAFLD Sustained NAFLD P for trend

Agey 55+8 54+8 56+8 56+7 <0.0001
Gender (male/female, male%%) 343/823 (29%) 132/448 (23%) 37113 224/570 (28%) 0023
(25%)

Smoking status, n (%)

Current smoker 97 (8.3%) 45 (7.8%) 8 (5.3%) 61 (7.7%)

Former smoker 40 (3.4%) 17 (2.9%) 4(27%) 20 (2.5%) 078
Never smoker 1029 (88.3%) 518 (89.3%) 138 (92.0%) 713 (89.8%)
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Current drinker 50 (4.3%) 24 (4.1%) 4 (2.7%) 38 (4.8%)
Former drinker 177 (15.2%) 94 (16.2%) 21 (14.0%) 125 (15.7%) 0.90
Never drinker 939 (80.5%) 462 (79.7%) 125 (83.3%) 631 (79.5%)
BMI, kg/mZ 224+25 24.5+27 251+27 267 £32 <0.0001
WC, cm 78+8 83+ 8 869 89£8 <0.0001
SBP, mmHg 124+ 18 126 £ 17 127:4£17 13117 <0.0001
DBP, mmHg 77 £10 79+9 80 £ 10 82+ 10 <0.0001
Lipids
Total cholesterol, mmol/L 4.37 £0.99 4.34 £ 099 4.55 + 1.12 4.56 + 1.00 <0.0001
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HOMA_IR 1.32 1.63 179 233 <0.0001
(0.96-1.71) (1.31-2.19) (1.29-2.33) (1.74-2.93)

Data are presented as mean * SD, number and percentage, or median (IQR). Continuous variables were compared by one-way analysis of variance (ANOVA). Skewed distributed variables were
compared by Kruskal Wallis tests. Categorical variables were compared by chi-square tests. A two-sided p value < 0.05 was considered as statistical significance. BMI, body mass index; WC, waist
circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; NAFLD, non-alcoholic fatty
liver disease.
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NAFLD status at baseline No. of cases/total P value

Sustained non-NAFLD 170/1166 14.6% 0.015
New NAFLD 111/580 19.1%
NAFLD remission 19/150 12.7% 0.004
Sustained NAFLD 184/794 232%

Data are presented as number and proportion. P values were compared across groups sustained non-NAFLD VS new NAFLD; NAFLD remission VS sustained NAFLD using chi-square tests.
P value < 0.05 was defined as statistically significant.
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(n=2206) (n=484)
Agey 55+ 8 56+ 8 0.006
Gender (male/female) 586/1620 (27%) 150/334 (31%) 0.048

Smoking status, n (%)

Current smoker 178 (8.1%) 33 (6.8%)
Former smoker 70 (3.2%) 11 (2.3%) 0.36
Never smoker 1958 (88.8%) 440 (90.9%)

Drinking status, n (%)

Current drinker 74 (4.4%) 15 (3.7%)
Former drinker 230 (15.6%) 50 (14.9%) 0.69
Never drinker 1264 (79.9%) 253 (81.4%)
BMI, kg/ml 241+33 247+ 34 <0.0001
WC, cm 822+95 84.0 £ 10.1 <0.0001
SBP, mmHg 126 £ 17 131+ 17 <0.0001
DBP, mmHg 79+ 10 8110 <0.0001
Lipids
Total cholesterol, mmol/L 4.40 £ 0.99 4.57 + 1.05 <0.0001
Triglycerides, mmol/L 1.22 (0.89-1.74) 1.36 (0.97-1.92) <0.0001
LDL-C, mmol/L 2.48 + 0.74 2.58% 0.76 0.01
HDL-C, mmol/L 1.19 £ 0.30 1.20 +£ 0.32 0.75

NAFLD at baseline (%)

Yes 741 (33.6%) 203 (41.9%)
<0.0001
No 1465 (66.4%) 281 (58.1%)

Data are presented as mean + SD, number and percentage, or median (IQR). Continuous variables were compared by student t tests, skewed distributed variables were compared by Mann
Whitney U tests, categorical variables were compared by chi-square tests. A two-sided p value < 0.05 was considered as statistical significance. BMI, body mass index; WC, waist circumference;
SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease.





