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Background and purpose

The association between fatty liver and fracture risk has not been firmly established. In this study, we investigated the relationship between the fatty liver index (FLI) and the incidence of fractures among individuals ≥50 years of age, using a nationwide population-based cohort.





Methods

Data from the Korean National Health Insurance System between January 2009 and December 2019 were analyzed using the Cox proportional hazards model. Fatty liver status was defined using FLI. Newly diagnosed fractures were identified based on insurance claim data.





Results

Among the 3,384,457 individuals who met our inclusion criteria over the study period, 444,203 cases of incident fractures were identified over a median follow-up of 10.3 years. On multivariate analysis, the risk of fracture was significantly higher among individuals with a higher FLI score compared to those with an FLI<30, with adjusted hazard ratio [aHR] and 95% confidence interval [CI] as follows: FLI 30-59 group, aHR 1.04 and 95% CI 1.03-1.05; and FLI ≥60 group, aHR 1.12 and 95% CI 1.10–1.13. A higher FLI was associated with a greater risk of hip (aHR 1.23 and 1.52 for the FLI 30-59 and FLI ≥60 group, respectively) and vertebral fracture (aHR 1.08 and 1.16 for the FLI 30-59 and FLI≥60 group, respectively). The association between the risk for fracture and FLI ≥60 was prominent for non-obese than obese individuals (aHR 1.25 and 95% CI, 1.22–1.27 versus 1.06 and 1.05–1.08, respectively).





Conclusions

A high FLI is associated with an increased risk of hip and vertebral fractures among individuals ≥50 years of age, suggestive of an association between a higher FLI and osteoporotic fractures.





Keywords: fracture, steatosis, osteoporotic, non-obese, fatty liver




1 Introduction

Osteoporosis-related fractures are an important cause of disability and mortality among postmenopausal women and older men. These fractures are associated with a high economic burden on health care systems and, thus, lowering the risk of these fractures has become a health priority due to the increasing life expectancy and aging of the general population (1). Low bone mineral density (BMD), which can lead to osteoporotic fractures, is associated with multiple risks factors, including insulin resistance, abdominal obesity, and metabolic syndrome, which itself has been linked to fatty liver disease (2–4).

Although an association between low BMD, osteoporosis, and fatty liver disease has previously been reported (5–8), the association between fatty liver and osteoporotic fractures remains controversial, with reported variation by age, sex, and obesity status. A previous study in Sweden has identified a slightly higher rate of osteoporotic fractures, and fractures overall, among patients with non-alcoholic fatty liver disease (NAFLD), although the long-term risk for fractures was comparable between patients with and without NAFLD (9). Meta-analysis studies have identified an association between NAFLD and osteoporotic fracture in men (10, 11), although these analyses are limited by the cross-sectional design of eligible studies. Recently, Kim et al. reported that a higher the fatty liver index (FLI) is associated with a higher risk of fracture (12). However, as the study included individuals ≥20 years of age, effects of female hormones and the skeletal site of fracture risk was not evaluated.

Non-obese fatty liver has been considered as a distinct subtype of fatty liver, characterized by different clinical features and metabolic risk factors (13, 14, 15). Accordingly, the association between fatty liver and the risk of fracture may differ depending on an individual’s obesity status. Thus, our aim in this study was to comprehensively investigate the association between the FLI and the risk of fracture among individuals ≥50 years, stratified by age, sex, and obesity status, using a nationwide Korean population-based database.




2 Material and methods



2.1 Data source

Data for this study was obtained from the Korean National Health Insurance System (NHIS) database. The NHIS is a national insurer managed by the Korean government, with approximately 97% of the Korean population subscribed (16). The NHIS database contains health records, including sociodemographic data (age, sex, and income level), medical diagnosis (based on the International Classification of Diseases, 10th revision [ICD-10]), treatment data, and health examination results (lifestyle and laboratory test results). The NHIS recommends that subscribers undergo a standardized medical examination, at least biennially (17).




2.2 Study sample

Eligible were the 10,601,283 individuals included in the NHIS in 2009. The exclusion criteria were as follows: age<50 years (n=6,130,272); diagnosis of liver cirrhosis (code K703, K746) or hepatitis (code B15-19) (n=609,556); missing data (n=185,246); and a previous history of fracture (n=291,752). After screening, the data of 3,384,457 participants were included in the analysis.




2.3 Ethics statement

The study protocol was approved by the Institutional Review Board of the Seoul National University Hospital (E-2007-135-1143) and conformed to the ethical guidelines of the World Medical Association Declaration of Helsinki. The requirement for informed consent from individuals was waived as de-identified secondary data were used in our analysis.




2.4 Covariates

Self-report questionnaires are used in the NHIS to collect relevant background data, as previously described (17, 18): age, sex, smoking status (non-smoker, ex-smoker, or current smoker), and alcohol consumption (none; mild, quantified as<30 g/day for males, and<20 g/day for females; and heavy, quantified as ≥30 g/day for males and ≥20 g/day for females). Regular physical exercise was quantified as >30 min of moderate physical activity ≥5 times/week or >20 min of high-intensity activity ≥3 times/week. Income level was dichotomized at the lowest 20%. Body mass index (BMI) was calculated as the weight (kg) divided by the square of the height (m) for each individual. Blood samples for analysis were obtained after an overnight fast ≥8 h.

The presence of health comorbidities and prescription drugs were identified based on the ICD-10 diagnosis codes, as follows: hypertension (codes I10–13 or I15) plus ≥1 prescription of antihypertensive agent or a systolic/diastolic blood pressure ≥140/90 mm Hg; diabetes, (code E11–14) plus ≥1 prescription of antidiabetic medication per year or a fasting glucose level ≥126 mg/dL; and dyslipidemia (code E78) plus ≥1 prescription of a lipid-lowering agent or a total cholesterol ≥240 mg/dL. Obesity was defined by a BMI ≥25 kg/m2, based on the Asia-Pacific World Health Organization criteria (19).




2.5 Measurement of fatty liver index

Although ultrasound imaging is considered as the first line of assessment for fatty liver disease (20), it is not included in the NHIS mass-screening program. Therefore, in our study, blood biochemistry data were used to identify the presence of fatty liver disease. The fatty liver index (FLI) score was calculated as previously described (21):

	

where GGT is the level of gamma-glutamyl transferase and WC is the waist circumference. The FLI can range from ‘0’ to ‘100’, with a score<30 indicative of a low risk of fatty liver and a score ≥60 indicative of a high risk of fatty liver (22). For analysis, the study sample classified into the following three FLI scores:<30, 30–59, and ≥60.




2.6 Study outcome

The study population was followed from baseline to the date of diagnosis of a fracture or to the study endpoint of December 31, 2019, whichever occurred first. Participants who died during the follow-up period were censored at the time of death. The primary endpoint of this study was the incidence of fracture, defined using the ICD‐10 codes, as follows: hip (S72.0, S72.1, and S72.2), vertebral (S12.0, S12.1, S12.2, S22.0, S22.1, S32.0, M48.4, and M48.5), or other fractures. Other fractures identified included the clavicle (S42.0), upper arm (S42.2 and S42.3), wrist (S52.5 and S52.6), and ankle (S82.3, S82.5, and S82.6). A hip fracture was defined as one or more hospitalizations using the relevant diagnosis code. Vertebral and other fractures were defined as two or more outpatient visits, with an appropriate diagnosis code within a period of 12 months, as previously described (23, 24).




2.7 Statistical analyses

Data are presented as the mean ± standard deviation for normally distributed continuous variables, median and interquartil range for geometric means (95% confidence interval [CI]) for non-normally distributed continuous variables, and as proportions for categorical variables. Patient baseline characteristics between FLI groups were compared using independent t-tests and analysis of variance for continuous variables and the chi-squared test for categorical variables.

The primary outcome was the incidence rate of fractures, calculated by dividing the number of incident cases by the total follow-up period, reported per 1000 person-years. Cox proportional hazard regression was performed to estimate the risk of incident fracture. Multivariate analyses were adjusted for age, sex, BMI, income, smoking status, alcohol consumption, regular exercise, diabetes, hypertension, and dyslipidemia. A stratified subgroup analysis was conducted based on age (< 65 and ≥ 65 years), sex, obesity status, alcohol consumption (none to mild and heavy) and diabetes. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Statistical significance was defined as a two-sided P value<0.05.





3 Results



3.1 Baseline characteristics of the study population

The median follow-up duration was 10.3 (interquartile range, 10.0-10.6) years, with 444,203 cases of incident fractures (13.1%) identified, including hip (n=32,621), vertebral (n= 176,642), and other (n= 234,940) fractures. The baseline characteristics of participants in each of the three FLI groups are shown in Table 1. Compared to the FLI<30 group, the FLI ≥60 group had a higher rate of males, current smokers, and heavy alcohol drinkers, as well as a higher proportion of individuals who exercised regularly and had higher income levels (P<0.001). Diabetes mellitus, hypertension, and dyslipidemia were also associated with a high FLI. Most anthropometric and laboratory variables (BMI, WC, fasting glucose, total cholesterol, high-density lipoprotein cholesterol, and triglycerides) were also less metabolically favorable in the FLI ≥60 than FLI<30 group (P<0.001).


Table 1 | Baseline characteristics of participants according to fatty liver index.






3.2 Association between the incident fracture rate and the fatty liver index

The fracture incidence rate varied as a function of the FLI classification, as follows: rate of 15.11 for the FLI<30 group; 13.02 for the FLI of 30-59 group; and 11.16 of the FLI ≥60 group. After adjusting for age, sex, BMI, income level, smoking status, alcohol consumption status, regular exercise, diabetes, hypertension, and dyslipidemia, the risk of fracture was significantly higher for higher FLI groups than the FLI<30 group (FLI<30-59, hazard ratio [HR], 1.04, and 95% CI, 1.03–1.05; and FLI ≥60, HR, 1.12, and 95% CI, 1.10–1.13). On analysis stratified by sex, the association between fracture risk and a FLI ≥60 was more prominent in males than females (males: aHR, 1.16 and 95% CI, 1.13–1.18; and females: aHR, 1.05 and 95% CI, 1.03–1.07; Table 2). When stratified by fracture site (hip, vertebral, or other), the association between higher FLI scores and incident fracture remained significant for hip and vertebral fractures (Table 3; hip fractures, FLI 30-59, aHR, 1.23 and 95% CI, 1.19–1.26, and FLI ≥60, aHR, 1.52 and 95%CI, 1.45–1.59; and vertebral fractures, FLI 30-59, aHR, 1.08 and 95% CI, 1.07–1.10, and FLI ≥60, aHR, 1.16 and 95%CI, 1.13–1.18). The association between fracture site and FLI classification remained significant for both males and females, with fracture risk at other sites also being greater for the high FLI group in females (Supplementary Table 1). When we performed sensitivity analysis in non-diabetic individuals, the stratification by FLI was still significant in non-diabetic population (Supplementary Table 2).


Table 2 | Risk of incident fracture according to fatty liver index.




Table 3 | Risk by fracture site according to fatty liver index.






3.3 Subgroup analyses

Subgroup analyses were performed for age (< 65 vs. ≥ 65 years), obesity status (BMI ≥ 25 kg/m2 vs. < 25 kg/m2), alcohol consumption (none to mild vs. heavy) and diabetes. For the FLI ≥ 60 group, the increased risk of fracture was higher for younger (< 65 years), non-obese, none-to mild drinker, and non-diabetes groups (all P for interaction< 0.001; Table 4). The order of increased risk of fracture site in non-obese patients was hip, followed by vertebral and other fractures (Figure 1). With further stratification by sex, the increased risk of fracture in non-obese patients remained significant in both males and females (Supplementary Table 3).


Table 4 | Stratified analyses of the association between fatty liver index and incident fracture: Hazard ratio (95% Confidence Interval) for incident fracture.






Figure 1 | The association between the fatty liver index and incident fracture (any fracture, hip fracture, vertebrae fracture and other fracture) according to obesity status (BMI< 25 kg/m2 or ≥ 25 kg/m2). Adjusted for age, sex, income, smoking, alcohol consumption, regular exercise, hypertension, diabetes, and dyslipidemia. BMI, body mass index; FLI, fatty liver index.







4 Discussion

In this study, we found that FLI was significantly associated with the risk of fracture in most Korean adults aged > 50 years. Among the fracture sites, the risk for fracture with a higher FLI was highest for hip fractures, followed by vertebral fractures, suggestive of an association between FLI and osteoporotic fractures rather than trauma-related fractures. The higher risk of fractures in the FLI ≥60 group was more prominent in males than females, as well as among individuals<65 years of age, and those who were non-obese. Therefore, the association between fatty liver and fracture risk is modified by sex, age, and obesity. The strengths of our study include the use of nearly the entire Korean population ≥50 years of age, which allows for generalizability of our findings and for the use of the hard endpoint of fracture, with nearly complete results of all skeletal sites. Furthermore, the inclusion of a large-scale nationwide cohort permitted stratified analyses using multiple variables.

The mechanisms underlying the association between FLI and fractures have not yet been fully elucidated. It is known that hepatic steatosis induces chronic, low-grade inflammation and insulin resistance, which may be involved in the development of BMD loss and osteoporosis, leading to a higher risk of fracture. Previous studies have provided support of an involvement of inflammatory cytokines, such as interleukin-6 and tumor necrosis factor, in the pathogenesis of osteoporosis (25, 26). Accumulation of intrahepatic lipids in patients with fatty liver induces insulin resistance (27) which may be associated with lower BMD and decreased strength of the femoral neck (28, 29). In addition, an in vitro study showed that insulin resistance in bone cells causes reduced bone strength and increased osteoporosity (30). Bone mass is maintained by the continuous formation and resorption of bone; as such, a disequilibrium of these processes might lead to changes in bone mass. The regulation of bone turnover is disturbed in patients with NAFLD and diabetes, suggesting that fatty liver is associated with an increased risk of altered bone turnover and fractures (31).

Among all fracture sites, hip fractures are regarded as the most severe of osteoporotic fractures, requiring hospitalization as well as being associated with high morbidity and low quality of life (32). In our study, the highest aHR associated with a high FLI was for hip fractures, followed by vertebral fractures. The higher risk for hip than other types of fractures is consistent with findings from a previous study, in which NAFLD in men was associated with a higher risk of hip fractures, although there was no statistical significance (33). Of note, this was a cross-sectional, observational study with a small sample size which may have made it difficult to show statistical significance. Although the specific link between hip fractures and FLI has not been clearly elucidated, various factors related to fatty liver may influence the complex pathogenesis of hip fractures. Abdominal obesity, a major risk factor for fatty liver, has been associated with a higher risk of hip fracture in a previous meta-analysis (34), resulting from the adverse effects of abdominal obesity–related inflammation on bone strength and, thus, fracture risk (35). In addition, sarcopenia, which has a significant positive association to NAFLD, increases the risk of hip fracture (36). With regard to vertebral fractures, as obesity is positively associated with trabecular and cortical bone parameters and negatively associated with cortical volumetric BMD (37), obesity may reduce vertebral fractures somewhat, providing an explanation for the more pronounced association between a higher FLI and hip than vertebral fractures.

Although the association between fatty liver and low BMD is influenced by sex and skeletal site of fractures, previous studies did not include complete results of all skeletal sites when evaluating sex-specific differences and, thus, results have remained inconclusive. Two studies from China reported that the presence of NAFLD increased the risk of osteoporotic fractures in men but not women (38, 33). A recent meta-analysis reported that the risk of osteoporosis or osteoporotic fracture was higher in men with than without NAFLD, with no significant difference among women with and without NAFLD, after adjusting for confounders (11). In our study, the association between FLI and fracture was significant in both sex but with higher aHRs for men than women. These findings may be related to sex-specific differences in bone structure and strength, body fat deposition, and hormones, which play an important role in bone remodeling by promoting bone formation and inhibiting bone breakdown (38, 39).

The relationship between obesity and fracture risk is known to be complex, with obesity having a divergent influence on fracture risks across different skeletal sites (40). Previous epidemiological studies reported a lower risk of fractures among individuals with obesity, while the risk increased for some fractures (ankle, femur, and humerus) and decreased for others (hip and wrist) with overweight and obesity (41). The stratified analysis by obesity in our study revealed that the risk of incident fracture in the FLI ≥60 group was higher for non-obese than obese individuals (aHR, 1.25 vs 1.06, respectively), with similar results observed in each fracture site. These findings suggest a strong association between the FLI and fracture risk in non-obese individuals and might be related to the protective effects of obesity on the risk of fracture.

This study had some limitations which should be acknowledged. First, the nature of fractures reported may be heterogeneous as fractures resulting from extrinsic trauma or traffic accidents could not be excluded owing to the unavailability of information on the causes of fracture in the NHIS database. We do note, however, that high-energy traumatic fractures are prominent in younger than older individuals and in men (42). Second, although liver biopsy is considered as the gold standard to diagnosis fatty liver, we used FLI as a surrogate marker of fatty liver. It has been previously shown that the FLI, as a surrogate marker for fatty liver, accurately diagnoses steatosis and correlates with insulin resistance (43). Third, the population in this study included all alcohol consumption habits; therefore, we could not limit the results to NAFLD or alcoholic fatty liver. However, we performed a stratified analysis by alcohol consumption and found that the association between FLI and fracture was more prominent in none to mild drinkers than in heavy drinkers. Fourth, although a previous history of fracture is an important risk factor for future fracture, we could not perform analysis in patients with earlier history of fractures. Due to the nature of the claim data, once a fracture is diagnosed, a diagnosis code remains at follow-up, making it difficult to define a new fracture event. In addition, we could not obtain further information on factors known to influence fracture risk, including bone markers, intake of vitamin D or calcium, and muscle strength (33). Also, we could not correct for some known determinants of fragility fracture risk such as parenteral history of fragility fracture and other disease or medications that make the bone weak. Thus, the association between FLI and fragility fracture has yet to be confirmed, and further studies are needed.




5 Conclusions

A high FLI score was associated with an increased risk of incident hip and vertebral fractures. These findings imply an association between FLI and osteoporotic fractures. Future studies are needed to investigate the mechanism underlying the association between FLI and osteoporotic fractures.
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