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Background

Existing evidence on the associations of liver steatosis and fibrosis with bone mineral density (BMD) and risk of osteopenia/osteoporosis was limited with conflicting results. We aimed to evaluate the associations of metabolic dysfunction-associated fatty liver disease (MAFLD) and hepatic fibrosis with BMD and risk of osteopenia/osteoporosis in type 2 diabetes mellitus (T2DM) patients.





Methods

Baseline information of an ongoing cohort of 249 T2DM patients in Xiamen, China was analyzed. MAFLD was defined as the presence of hepatic steatosis [diagnosed by either hepatic ultrasonography scanning or fatty liver index (FLI) score >60] for T2DM patients. BMD was measured using dual-energy x-ray absorptiometry at total lumbar (L2–4), femur neck (FN), and total hip (TH) and was categorized as normal (T ≥ −1.0), osteopenia (−2.5 < T < −1.0), or osteoporosis (T ≤ −2.5) according to its minimum T-score.





Results

Among the 249 T2DM patients, prevalence rates of MAFLD, osteopenia, and osteoporosis were 57.8%, 50.6%, and 17.7%, respectively. Patients with MAFLD had significantly higher BMD T-scores of L2–4, FN, and TH and the minimum as well as lower prevalence of osteoporosis than patients without MAFLD. Hepatic steatosis indices, including FLI score, fatty liver (FLI ≥ 60 or hepatic ultrasonography scanning), and MAFLD, were significantly and positively associated with all T-scores, while hepatic fibrosis index and FIB-4 score, but not NAFLD fibrosis score (NFS), were negatively associated with all T-scores. MAFLD was significantly associated with the decreased risk of osteopenia/osteoporosis and osteoporosis with unadjusted odds ratios (ORs) (95% CI) of 0.565 (0.324–0.987) and 0.434 (0.224–0.843) (both p-values < 0.05), respectively. As for liver fibrosis, FIB-4 score, but not NFS, was significantly associated with elevated risk of osteoporosis with an unadjusted OR (95% CI) per SD increase of FIB-4 score of 1.446 (1.080–1.936, p-value = 0.013). Adjusting for potential confounding variables, especially body mass index, in the multivariable regression analyses, all associations of hepatic steatosis and fibrosis indices with BMD and risk of osteopenia/osteoporosis were not statistically significant.





Conclusion

MAFLD and hepatic fibrosis were not significantly associated with BMD and risk of osteopenia/osteoporosis independent of obesity. Nevertheless, screening and management of MAFLD and osteopenia/osteoporosis were still important for the prevention of fracture in T2DM patients.
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1 Introduction

Metabolic dysfunction-associated fatty liver disease (MAFLD) has been introduced and defined as patients with both hepatic steatosis and any of the three metabolic conditions—overweight/obesity, diabetes mellitus, or metabolic dysfunction—in lean populations, rather than the absence of alcohol abuse or other chronic liver diseases in 2020, and therefore, has been suggested as a replacement for non-alcoholic fatty liver disease (NAFLD) (1, 2). MAFLD affects approximately a third of the global population, and its related health burden has grown positively with increasing prevalence of type 2 diabetes mellitus (T2DM) and obesity (3, 4). Recently, metabolic dysfunction-associated steatotic liver disease (MASLD) has been proposed by a consensus group to replace the term NAFLD (5). Based on a cross-sectional analysis of the 2017–2020 cycle of National Health and Nutrition Examination Survey (NHANES) in the US population, the prevalence of steatotic liver disease (SLD) was 42.1%, and among them, 89.4%, 7.7%, 2.4%, 0.4%, and 0.1% were defined as MASLD, MetALD (MASLD + significant alcohol consumption), MASLD-viral hepatitis, alcoholic liver disease (ALD) (significant alcohol consumption without metabolic dysfunction), and cryptogenic, respectively (6). MAFLD shares insulin resistance and compensatory portal or systemic hyperinsulinemia with T2DM as common pathophysiological mechanisms; meanwhile, fat accumulation in liver and alterations in both energy metabolism and inflammatory signals are also involved in these two conditions (7, 8). Osteoporosis is characterized by the deterioration of micro-architecture in bone tissue and reduced bone mass, affects more than 200 million people globally, and has become a worldwide common chronic disease due to the significant economic burden of osteoporosis-related fracture (9, 10). T2DM patients have increased risks of fractures, possibly due to osteoporosis or insulin use (11, 12), although numerous studies found that bone mineral density (BMD) in T2DM patients was normal or increased compared to that of the age-matched controls (11, 13, 14).

Some previous studies reported that higher BMI protected the risk of osteoporosis in diabetes patients (15, 16). However, available evidence of associations between MAFLD and BMD or risks of osteoporosis was scarce. Three studies based on cross-sectional analyses of the 2017–2018 cycle of NHANES in the US population older than 50 years found similar results that liver steatosis and fibrosis are not independently associated with osteopenia or osteoporosis although patients with MAFLD showed increased BMD than their controls (17–19). However, a cross-sectional study from 1,872 obese individuals in Rome, Italy found that higher Fibrosis-4 (FIB-4) score, an index of liver fibrosis, was significantly associated with lower BMD and increased risk of osteopenia/osteoporosis (20). Yet, there was no evidence available about the associations of MAFLD and liver fibrosis with BMD and osteopenia/osteoporosis in patients with T2DM, although MAFLD and osteoporosis share with T2DM some common pathophysiological mechanisms, such as insulin resistance, hyperinsulinemia, pro-inflammatory state of liver and adipose, enhanced lipotoxicity, and excessive reactive oxidative stress (7, 8, 14). In the present study focusing on T2DM patients, firstly we aimed to investigate the associations of MAFLD and liver fibrosis indices with BMD. Secondly, we also aimed to test the associations of MAFLD and liver fibrosis indices with risks of osteopenia/osteoporosis and osteoporosis. Thirdly, we aimed to explore whether the associations of MAFLD and liver fibrosis with BMD and risk of osteopenia/osteoporosis were independent of general obesity.




2 Materials and methods



2.1 Study population

This study was a cross-sectional analysis of baseline data of our ongoing T2DM cohort. Patient selection, diagnosis, and clinical measurements have been described previously (21, 22). Briefly, from January 2018 to April 2020, 490 T2DM patients had been recruited from the Department of Endocrinology, Zhongshan Hospital (Xiamen), Fudan University (Xiamen, China). Among them, 241 patients without complete data on BMD measurements, hepatic ultrasonography scanning, or clinical measurements were excluded, and 249 T2DM patients (138 men and 111 women) were left in the present analysis. The inclusion criteria were as follows: (1) T2DM, (2) age ≥ 18 years, and (3) BMD testing and hepatic ultrasonography scanning measurements. The exclusion criteria were as follows: other types of diabetes (type 1 diabetes mellitus and secondary diabetes); severe liver and renal dysfunction; receiving or currently receiving estrogen and progesterone drugs, glucocorticoids, and calcium tablets; menopause by surgical intervention or at an unnatural age; familial fragility fracture; or unwillingness to participate in the study (21, 22). This study was approved by the Human Research Ethics Committee of the Zhongshan Hospital (Xiamen), Fudan University (Xiamen, China) (B2019-015). All patients provided written informed consent.




2.2 Measurements

Each patient received a face-to-face interview to collect sociodemographic data, lifestyle habits, present and previous health history, and medication utilization. Measurements of body weight, height, BMI (weight in kilograms divided by the square of the height in meters), waist circumference (WC), and arterial blood pressure (BP) were conducted as described previously (21, 22). Blood samples were collected in the morning after at least 12-h overnight fasting to measure fasting plasma glucose (FPG), glycosylated hemoglobin A1c (HbA1c), liver function, and lipid profiles, and were tested in the clinical laboratory of Zhongshan Hospital (Xiamen), Fudan University (Xiamen, China). Serum FPG, triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyl transpeptidase (GGT) levels were measured using an analyzer (Roche Elecsys Insulin Test, Roche Diagnostics) as described previously (21–23). Homeostatic model assessment of insulin resistance (HOMA-IR) was used to estimate insulin resistance. Glycated hemoglobin (HbA1c) levels were determined using high-performance liquid chromatography (VARIANT II TURBO; Bio-Rad).




2.3 Hepatic steatosis and fibrosis indices and definition of MAFLD

Hepatic ultrasonography scanning was performed by an experienced radiologist using a GE LOGIQ P5 scanner (GE Healthcare, Milwaukee, USA) with a 4-MHz probe. Hepatic steatosis was diagnosed based on characteristic sonographic features, such as hepatorenal echo contrast, liver parenchymal brightness, deep beam attenuation, and vessel blurring (24). The fatty liver index (FLI) score was calculated based on the following formula: FLI = ey/(1+ ey) × 100, where y = 0.953 × ln (triglycerides, mg/dL) + 0.139 × BMI (kg/m2) + 0.718 × ln(GGT, U/L) + 0.053 × waist circumference (cm) – 15.745 (25). A cutoff FLI score of >60 was used to define hepatic steatosis in addition to the hepatic ultrasonography diagnosis (26). As an index of hepatic fibrosis, FIB-4 score was calculated using the formula: FIB-4 = age ([y] × AST [U/L])/((PLT [109/L]) × (ALT [U/L])1/2), and a cutoff FIB-4 score >3.25 was defined as advanced hepatic fibrosis (27), which was also treated as one of the exclusion criteria in the present study. NAFLD fibrosis score (NFS) was calculated using the formula: NFS = −1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × impaired glucose tolerance or diabetes mellitus (yes = 1, no = 0) + 0.99 × (AST to ALT ratio) − 0.013 × platelet (109/L) − 0.66 × albumin (g/dL) (28). Fatty liver was diagnosed by either hepatic ultrasonography diagnosis of hepatic steatosis or FLI score >60. Since all participants in the present study were diagnosed as T2DM, fatty liver patients with T2DM were defined as MAFLD based on the current international consensus definition for MAFLD (2, 3).




2.4 BMD measurement and definition of osteoporosis

Dual-energy x-ray absorptiometry (DXA) (QDR4500A, Hologic Inc., Waltham MA, USA) was used to measure BMD and operated by professional radiologists. BMD was checked at three different sites for each patient: total lumbar (L2–4), femur neck (FN), and total hip (TH), and was categorized into three groups according to the minimum T-score of BMD for each patient: normal (T ≥ −1.0), osteopenia (−2.5 < T < −1.0), and osteoporosis (T ≤ −2.5) (29).




2.5 Statistical analyses

Baseline data were presented as mean ± standard deviation (SD) for normally distributed continuous variables; median (interquartile range (IQR)) for non-normally distributed continuous variables or number and percentage for categorical variables. Differences between subjects stratified across MAFLD (yes vs. no) were tested using one-way analyses of variance (ANOVA) for normally distributed continuous variables, Wilcoxon rank-sum tests for non-normally distributed continuous variables, and the chi-square tests for categorical variables. Multivariable linear regression was analyzed to explore the associations of indices of hepatic steatosis [FLI score, fatty liver (FLI ≥ 60), fatty liver (hepatic ultrasonography scanning), and MAFLD] and hepatic fibrosis (FIB-4 score and NFS) with T-scores of BMD (L2-4, FN, TH, and the minimum) for all patients. Multivariable logistic regression analyses were conducted to calculate the adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of hepatic steatosis and hepatic fibrosis indices for risks of osteopenia/osteoporosis (vs. normal) and osteoporosis (vs. osteopenia/normal) separately. Both multivariable linear regression and multivariable logistic regression analyses were adjusted for potential confounding variables in different models. In model 1, no confounding variable was adjusted. In model 2, age, sex, ever smoking and drinking, systolic blood pressure, diastolic blood pressure, diabetes duration, HbA1c, diabetes medical treatment, total cholesterol, triglycerides, HDL-C, and LDL-C were adjusted. In model 3, BMI as the index of obesity was further adjusted in addition to model 2. FLI, FIB-4 scores, and NFS were presented as per SD increase separately in the multivariable regression analyses. All p-values were two-sided and a p-value <0.05 was considered as statistical significance. All statistical analyses were conducted by using Stata14.0 (StataCorp, College Station, TX, USA).





3 Results



3.1 Demographic and clinical characteristics stratified across MAFLD

Of the 249 T2DM patients, 138 were men and 111 were women with a mean ( ± SDs) age of 53.3 ± 12.3 and 60.6 ± 10.8 years and a diabetes duration median (IQR) of 5.0 (1.0–10.0) and 8.0 (3.0–13.0) years, respectively (both p-values < 0.05). Among them, 144 were identified as MAFLD, and the prevalence rates of MAFLD were 59.4%, 55.9%, and 57.8% for men, women and all, respectively. Differences of demographic and clinical characteristics stratified across MAFLD (yes vs. no) for all 249 patients are shown in Table 1. Patients with MAFLD showed significantly higher levels of body weight, BMI, waist circumference, diastolic BP, FPG, HOMA-IR, TG, AST, ALT, GGT, and CRP and significantly lower levels of age, diabetes duration, and HDL-c, compared to those without MAFLD. Additionally, MAFLD patients showed significantly higher indices of hepatic steatosis (FLI score and prevalence of fatty liver) but not hepatic fibrosis indices (FIB-4 score or NFS) than controls. MAFLD patients had significantly higher BMD T-scores (L2-4, FN, TH, and the minimum) than non-MAFLD patients (all p-values < 0.05). Table 1 shows that the prevalence rates of osteopenia and osteoporosis in all 249 T2DM patients were 50.6% and 17.7%, respectively. Figure 1 shows that the prevalence rate of osteoporosis was significantly lower in patients with MAFLD (12.5% vs. 24.7%) and patients with FLI ≥ 60 (5.1% vs. 23.8%) than controls, respectively (both p-values<0.05), but the prevalence rate of osteopenia and osteoporosis across fatty liver diagnosed by hepatic ultrasonography scanning was not statistically significant.


Table 1 | Demographic, clinical characteristics, and bone mineral density stratified by MAFLD in 249 T2DM patients.






Figure 1 | Prevalence rate (%) of osteopenia and osteoporosis stratified by MAFLD and fatty liver [defined as fatty liver index (FLI) ≥ 60 and hepatic ultrasonography separately].






3.2 The associations of hepatic steatosis and fibrosis indices with T-score of BMD

The associations of hepatic steatosis [FLI score, fatty liver (FLI ≥ 60), fatty liver (hepatic ultrasonography scanning), and MAFLD] and hepatic fibrosis indices (FIB-4 score and NFS) with T-score of BMD in all the 249 T2DM patients were explored using multivariable linear regression analyses in three models with adjustment for different confounding variables. Table 2 shows the regression coefficients (beta) with standard errors (SEs). In model 1 without adjustment, all hepatic steatosis indices, including FLI score, fatty liver (FLI ≥ 60), fatty liver (hepatic ultrasonography scanning), and MAFLD, were significantly and positively associated with all T-scores of BMD (L2-4, FN, TH, and the minimum) with the standardized regression coefficients (beta) ranging from 0.136 to 0.303 (all p-values<0.05). As for hepatic fibrosis indices, FIB-4 score, but not NFS, was significantly and negatively associated with all these T-scores with the beta value ranging from −0.196 to −0.142 (all p-values < 0.05). After adjusting for age, sex, ever smoking and drinking, systolic blood pressure, diastolic blood pressure, diabetes duration, HbA1c, diabetes medical treatment, total cholesterol, triglycerides, HDL-C, and LDL-C in model 2, FLI, fatty liver (FLI ≥ 60) and MAFLD were still positively associated with T-scores at TH and the minimum but not at L2–4, while fatty liver (hepatic ultrasonography scanning) and NFS, but not FIB-4 score, were significantly and positively associated with all T-scores. In model 3 with further adjustment for BMI (an index of general obesity) in addition to model 2, all associations of hepatic steatosis and fibrosis indices with T-score of BMD were not statistically significant.


Table 2 | Multivariable adjusted linear regression coefficients of hepatic steatosis and fibrosis indices for BMD T-scores in 249 T2DM patients.






3.3 The associations of hepatic steatosis and fibrosis indices with risk of osteoporosis/osteopenia

Multivariable logistic regression analyses were conducted to test the associations of hepatic steatosis and fibrosis indices with risk of osteopenia/osteoporosis (vs. normal) in all the 249 T2DM patients with adjustment for different potential confounding variables in three models, and the adjusted ORs with 95% CIs are shown in Table 3. Without adjustment for any variable in model 1, MAFLD was significantly associated with decreased risk of osteopenia/osteoporosis, and the unadjusted OR (95% CI) was 0.565 (0.324–0.987, p-value = 0.045), while other hepatic steatosis and fibrosis indices, including FLI score, fatty liver (FLI ≥ 60), fatty liver (hepatic ultrasonography scanning), FIB-4 score, and NFS, were not significantly associated with risk of osteopenia/osteoporosis. In model 2 with adjustment for potential confounding variables similar to the multivariable linear regression analyses, FLI score, fatty liver (hepatic ultrasonography scanning), MAFLD, and NFS were significantly associated with decreased risk of osteopenia/osteoporosis, and the adjusted ORs (95% CIs) were 0.615 (0.416–0.909), 0.496 (0.253–0.975), 0.404 (0.200–0.817), and 0.539 (0.366–0.792) (all p-values < 0.05), respectively. With further adjustment for BMI in model 3 in addition to model 2, none of the hepatic steatosis and fibrosis indices was significantly associated with risk of osteopenia/osteoporosis.


Table 3 | Unadjusted and adjusted odds ratios (ORs) of hepatic steatosis and fibrosis indices for risk of osteopenia/osteoporosis and osteoporosis in 249 T2DM patients.






3.4 The associations of hepatic steatosis and fibrosis indices with risk of osteoporosis

The associations of hepatic steatosis and fibrosis indices with risk of osteoporosis (vs. osteopenia/normal) were tested by using the multivariable logistic regression analyses in three models with adjustment for different potential confounding variables. In model 1 without adjustment for any variable, FLI score, fatty liver (FLI ≥ 60) and MAFLD were significantly associated with lower risk of osteoporosis, and the unadjusted ORs (95% CIs) were 0.536 (0.366–0.784), 0.173 (0.060–0.504), and 0.434 (0.224–0.843) (all p-values < 0.05), respectively. As for hepatic fibrosis indices, FIB-4 score, but not NFS, was significantly associated with an elevated risk of osteoporosis with an unadjusted OR (95% CI) of 1.446 (1.080–1.936, p-value = 0.013). In model 2 with adjustment for similar potential confounding variables to those of model 2 above, the adjusted ORs of FLI score, fatty liver (FLI ≥ 60), and NFS with risk of osteoporosis were statistically significant. However, with further adjustment for BMI in addition to model 2, none of the hepatic steatosis and fibrosis indices was significantly associated with risk of osteoporosis.





4 Discussion

With a total of 249 T2DM patients in the present study, we found that the prevalence rates of MAFLD, osteopenia, and osteoporosis were 57.8%, 50.6%, and 17.7%, respectively. Patients with MAFLD showed significantly higher BMD T-scores and lower prevalence rates of osteopenia/osteoporosis and osteoporosis than those without MAFLD. All hepatic steatosis indices were positively associated with BMD T-scores, while FIB-4 score was negatively associated with BMD T-scores; MAFLD was significantly associated with decreased risk of osteopenia/osteoporosis and osteoporosis. After adjusting for all the potential confounding variables, especially the general obesity index of BMI, in either multivariable linear regression analyses or multivariable logistic regression analyses, we found that none of the hepatic steatosis and hepatic fibrosis indices was independently associated with BMD T-scores or risks of osteopenia/osteoporosis or osteoporosis.

Existing evidence on the association between NAFLD and osteoporosis focused on general populations in a few observational studies with inconsistent results. Ciardullo et al. conducted cross-sectional analyses on the association between NAFLD and osteoporosis based on the data from NHANES 2017–2018 for participants older than 50 years, and they found that liver steatosis was associated with lower prevalence of osteoporosis. After adjusting for potential confounders, they found that liver steatosis was not associated with osteopenia or osteoporosis in the US population aged 50 years old and above (17). Xie et al. found a negative relationship between NAFLD and lumbar BMD using NHANES 2017–2018 data for populations aged 20 to 59 years. However, the association between NAFLD and osteoporosis turned out to be insignificant with adjustment for BMI (30). Li et al. performed a cross-sectional study in 2,031 participants over 50 years old in NHANES 2017–2018 and found the positive association of MAFLD with BMD as well as the negative association of MAFLD with femoral osteoporosis. However, the association of MAFLD with osteoporosis became insignificant when BMI was adjusted as a potential confounding factor (18). Liu et al. recently used the same data of NHANES 2017–2018 for those aged 50 or above and found that patients with MAFLD had a higher BMD and a lower risk of osteoporosis than those without MAFLD, but the multiple logistic regression models showed that participants with MAFLD had no increased risks of osteoporosis after adjusting for confounding variables (19). To the best of our knowledge, we were probably the first to report the associations of liver steatosis with BMD and the risk of osteopenia/osteoporosis for T2DM patients. In the present cross-sectional analyses of 249 T2DM patients, we found that hepatic steatosis indices were positively associated with BMD T-scores and that MAFLD was significantly associated with decreased risk of osteopenia/osteoporosis and osteoporosis. However, all these associations became statistically non-significant with adjustment for the potential confounding factors, especially including BMI as the index of general obesity.

Evidence about the association of hepatic fibrosis or cirrhosis with osteoporosis was limited and controversial. A meta-analysis of six case–control studies in 2016 concluded that, despite the high heterogeneity among these studies, patients with cirrhosis showed increased prevalence of osteoporosis, and suggested more accurate screening of BMD in patients with liver cirrhosis for adequate osteoporosis management (31). Abdominal ultrasonography for diagnosis of NAFLD and liver fibrosis or cirrhosis is often subjective and lacks sensitivity, especially for obese subjects, and a non-invasive and quantitative evaluation method has been widely used for assessment of fatty liver or liver fibrosis nowadays (25). In a cross-sectional study of 129 subjects with NAFLD assessed using transient elastography, Kim et al. found that liver fibrosis was independently associated with lower BMD and elevated risk of osteopenia and osteoporosis in NAFLD subjects (32). Li used data from NHANES 2017–2018 and found a positive association between liver stiffness and BMD as well as a negative association of liver fibrosis with femoral osteoporosis, but all these associations became statistically non-significant after adjusting for BMI and other confounding factors (18). Similarly, Ciardullo et al. found that liver fibrosis was not associated with osteopenia or osteoporosis in the US population older than 50 years (17). However, in a cross-sectional study from 1,872 obese individuals in Rome, Italy, Barchetta et al. found that higher FIB-4 score, an index of liver fibrosis, was independently associated with lower BMD and increased risk of osteopenia/osteoporosis (20). Moreover, available evidence about the associations of liver fibrosis with BMD and the risk of osteopenia/osteoporosis for T2DM patients was quite limited. Based on two cohorts containing 46 subjects with biopsy-proven NAFLD and 445 subjects with proton magnetic resonance spectrum-proven NAFLD, Zhu et al. found that NAFLD-associated hepatic fibrosis was negatively associated with BMD (33). However, it should be noted that all subjects in that study were postmenopausal women with NAFLD and T2DM or impaired glucose regulation simultaneously. In our present study, the associations of hepatic fibrosis with BMD and the risk of osteopenia/osteoporosis for T2DM patients were explored for the first time. Our data revealed that increasing FIB-4 score, but not NFS, was negatively associated with BMD T-score at L2–4, FN, TH, and the minimum, and was positively associated with elevated risk of osteoporosis (vs. osteopenia/normal). However, in the multivariable regression analyses with adjustment for the potential confounding factors, especially including BMI, all these associations were statistically non-significant. Therefore, our findings were quite consistent with evidence from NHANES 2017–2018 that hepatic fibrosis was not independently associated with either BMD or risk of osteopenia/osteoporosis.

The pathophysiology mechanisms linking the associations of liver steatosis and fibrosis with BMD and risk of osteopenia/osteoporosis have not been well established. Previous studies revealed that numerous pathogenic mediators, including IGF-1, fibronectin, the RANKL/OPG system, and several cytokines, have important roles in the pathogenesis of bone loss in chronic liver disease (34). The linkage between hepatic inflammation/fibrosis and adipose inflammation and insulin resistance has been established via the release of a cluster of inflammatory mediators from adipose tissue, for example, TNF-α, IL-6, and monocyte chemoattractant protein-1 (35). The development of osteopenia, resulting from the systemic inflammation and insulin resistance observed in this disorder, could at least partly explain the association between BMD and liver fibrosis. Besides the pro-inflammatory states in T2DM patients that could lead to both hepatic steatosis and fibrosis and osteoporosis, the microbiota of the intestinal tract has been considered to be closely linked to bone (36), and the gut–liver–bone axis might be critical in the associations of osteopenia and/or osteoporosis with MAFLD according to its regulatory effect on both resorption and formation process of bone (37). In the present study, we found that liver steatosis and fibrosis were not significantly associated with BMD and risk of osteopenia/osteoporosis independent of obesity. One possible reason was that all our study subjects were T2DM patients with higher levels of obesity, insulin resistance, lipotoxicity, and reactive oxidative stress than the general population, which may therefore prevent us from finding the independent associations of liver steatosis and fibrosis with BMD and risk of osteopenia/osteoporosis in T2DM patients. Importantly, a recent systemic review summarized that the preserved or even increased BMD as well as bone fragility with consequent increased susceptibility to fracture is common in T2DM patients compared to that of control, in which multiple regulatory mechanisms including microvascular disease, advanced glycation end products, osteoprotegerin/receptor-activator of nuclear factor κB ligand, the Wnt/β-catenin pathway, osteonectin, and fibroblast growth factor 23 are likely involved (14). Collectively, the complicated underlying mechanisms of hepatic steatosis and fibrosis on regulation of BMD could be helpful for understanding insights into osteopenia/osteoporosis, partially in T2DM patients. However, future studies on the potential mechanisms linking these associations are still warranted.

Existing evidence on the relationship of MAFLD/NAFLD and hepatic fibrosis with osteopenia and/or osteoporosis was mainly seen in the general population, while few studies have focused on T2DM patients, although the prevalence of T2DM is increasing rapidly worldwide. To the best of our knowledge, our study was the first study to explore the associations of MAFLD and hepatic fibrosis indices with BMD and risk of osteopenia and/or osteoporosis in T2DM patients. However, it should be acknowledged that our findings had the following limitations. Firstly, our present findings were from cross-sectional analyses of baseline information of our ongoing T2DM cohort, and we could not determine the temporal sequences of the associations of MAFLD and hepatic fibrosis indices with BMD and risk of osteopenia and/or osteoporosis. Secondly, all the 249 T2DM patients were recruited from a hospital from Xiamen, China; therefore, selection bias in the present study was obvious and their representativeness was quite limited. Thirdly, owing to the small sample size of our study, we could not extrapolate the present findings to other populations due to our limited power. Last but not the least, we did not have data on more rigorous assessments of liver fibrosis, such as liver Fibroscan test; thus, we could only use indices of serum biomarkers on liver fibrosis in the present study. Therefore, future studies with larger sample sizes and more rigorous assessments of hepatic steatosis and fibrosis, particularly those based on prospective cohort study designs, are needed.

The present study showed that the prevalence of MAFLD, osteopenia, and osteoporosis was quite high in T2DM patients. Hepatic steatosis indices, including MAFLD, were positively associated with BMD T-scores, while hepatic fibrosis index (FIB-4 score but not NFS) was negatively associated with BMD T-scores; MAFLD was significantly associated with lower risk of osteopenia/osteoporosis and osteoporosis. However, with adjustment for obesity, hepatic steatosis and fibrosis indices were not independently associated with either BMD or risk of osteopenia/osteoporosis or osteoporosis in T2DM patients. Nevertheless, screening of MAFLD, hepatic fibrosis, BMD, and osteopenia/osteoporosis is important for T2DM patients, especially from the perspective of fracture prevention.
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Glycosidase inhibitor 35(33.3) 26 (18.1) 61 (24.5) 0.006*
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associated fatty liver disease; NFS, NAFLD fibrosis score; SGLT-2, sodium glucose co-transporter 2; T2DM, type 2 diabetes mellitus; TZD, trazodone.





