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Objectives: Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide. We evaluated NAFLD using the US FLI to determine whether there is an association between urinary organophosphorus (OPE) levels and the “prevalence” of NAFLD in US individuals.

Methods: The current study included 1,102 people aged 20 years and older with information from the 2011–2014 U.S. National Health and Nutrition Examination Survey. NAFLD was assessed using the U.S. FLI. Individual OPE metabolites and OPE combinations were linked to NAFLD using logistic regression and weighted quantile sum (WQS) regression. All analyzes were carried out separately on males and females. The possible impacts of age, serum total testosterone (TT), and menopausal state, as well as the importance of the interaction term with exposure, were investigated using stratified analysis.

Results: Bis (2-chloroethyl) phosphate and bis (1,3-dichloro-2-propyl) phosphate were associated with NAFLD in all males after adjusting for covariates (P < 0.05). A combination of OPEs (OPE index) was positively linked with NAFLD in the WQS analysis of all males (odds ratio for OPE index: 1.52; 95% CI: 1.06, 2.19). Stratified analyzes for males revealed that considerable connections were largely confined to individuals over 60 years old or with low total testosterone. In women, the connection was limited and inconsistent, except for the OPE index, which was positively linked with NAFLD in post-menopausal women.

Conclusions: In this study, environmental exposure to OPE was linked to an elevated risk of NAFLD in males, particularly those over 60 years old or with low TT levels. Aside from the continuous positive connection of a combination of OPEs with NAFLD risk in post-menopausal women, these correlations were weaker in women. However, these findings should be taken with caution and verified in future investigations by collecting numerous urine samples in advance to strengthen OPE exposure estimates.
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Introduction

The prevalence of non-alcoholic fatty liver disease (NAFLD) has risen with the rising prevalence of obesity in recent years (1), and it is now considered the most prevalent chronic liver disease worldwide (2). NAFLD is a developing issue globally and affects 25% of adults worldwide. It is a group of liver metabolic diseases characterized by lipid buildup in hepatocytes. NAFLD is a complex illness with a wide range of pathology that can lead to more serious disorders. Patients with NAFLD develop non-alcoholic steatohepatitis, which is characterized by cell death, inflammation, and fibrogenesis and eventually leads to cirrhosis and liver cancer (3, 4). Simultaneously, NAFLD has been demonstrated to be a separate risk factor for cardiovascular disease, diabetes, and overall mortality (5). Unless particular diagnostics for NAFLD are available, this disorder is frequently undetected until it progresses and develops into permanent liver damage. As a result, the majority of patients with NAFLD are unaware that they have this dangerous illness. Moreover, current therapy options are restricted, including dietary restrictions and lifestyle adjustments (6), because no FDA-approved medications are available (2). Investigating the risk factors of NAFLD and preventing the illness from occurring are crucial because of the gradual onset of NAFLD and the lack of effective treatment options.

With the elimination of polybrominated diphenyl ethers, organophosphate esters (OPEs) are now widely employed as flame retardants and plasticizers globally. OPE production has grown continuously over the past 15 years (7). OPEs can be found in a variety of products, including electronics, building materials, automobiles, furniture, vehicle seats, plastics, and textiles. As a result, OPEs and their metabolites are now commonly discovered in human urine, blood, placental tissue, and breast milk worldwide (8). Concerns about OPEs have grown in recent years, and previous research revealed that OPEs can have a variety of negative impacts on creatures and people, including poor reproductive health and birth outcomes, obesity, neurodevelopment, hypertension, and sex steroid hormones (9–12). Organophosphate esters (OPEs) have the potential to disrupt endocrine (1). Exposure to OPEs can affect homeostasis, and disturbance of homeostasis may lead to adverse health outcomes (2, 3). In addition, a diverse variety of novel alternative flame retardants (nFRs) were continuously discovered at increasing concentrations in environmental and human matrices. Evidence showed that nFR exposure is linked to endocrine system disruptions, which are related to the pathophysiology of several metabolic diseases, including NAFLD. NAFLD is a multifactorial illness defined by an unregulated buildup of fats (lipids) in liver cells and is implicated in various etiologies, including occupational and environmental chemical exposure (13). A number of risk factors, including exposure to environmental toxicants, play a role in the development and progression of NAFLD. Environmental factors may contribute to the development and progression of NAFLD through a variety of biological alterations, including mitochondrial dysfunction, reactive oxygen species production, nuclear receptor dysregulation, and disruption of inflammatory and immune-mediated signaling pathways (4–6). Furthermore, environmental contaminants might alter immune system components and hence influence immunological responses and disease susceptibility (4).

Although various in vitro and in vivo studies have investigated the negative health effects of OPE exposure (7–9), human data results on adult OPEs and NAFLD are still relatively scarce. Given the prevalence of OPEs in the environment and their potential deleterious consequences, investigating their impact on the incidence and progression of NAFLD is vital. The goal of this study was to look at the link between five urine OPE metabolites and NAFLD in adult participants of U.S. National Health and Nutrition Examination Survey (NHANES) 2011–2014 and to look into any potential interactions.



Methods


Study participants

The National Health and Nutrition Examination Survey (NHANES), a unique national data source on the health and nutritional status of the U.S. population, is conducted by the National Center for Health Statistics (NCHS; Hyattsville, MD, USA) and relies on a stratified multistage probability sample based on selection counties, neighborhoods, households, and household insiders to represent the civilian, non-institutionalized U.S. population. Data were gathered by interviews, standardized exams, and the collection of biospecimens (14). Survey participants were asked to complete a series of questions in a detailed home interview before going to a Mobile Examination Center (MEC) as planned. At the MEC, they undergo physical examinations to collect anthropometric and health data and biological specimens for laboratory testing (e.g., nutritional status, health, and environmental exposures) (15). The study sample included 11,326 people over the age of 20 from two consecutive NHANES cycles (2011–2012, 2013–2014). Individuals without baseline data on DPHP, BDCPP, BCPP, BCEP, and DBUP concentrations, as well as age, gender, ethnicity, and BMI, were eliminated. The analysis eventually comprised 1,102 individuals with full outcomes and related collaboration factors.



Organophosphate ester metabolites

In 0.4 ml of spot urine from environmental subsample C (a random 1/3 sample of people aged 6 years and older), nine urinary OPE metabolites were detected. After combining the data from both cycles, five OPE metabolites with final detection frequencies more than 50% were included in the analysis: DPHP, BDCPP, BCPP, BCEP, and DBUP. The lower limit of detection (LLOD) of the five OPEs metabolites in the 2011–2012 cycle was all 0.10 g/L. LLOD for BCEP was 0.08 g/L, 0.16 g/L for DPHP, 0.10 g/L for BCPP, 0.11 g/L for BDCPP, and 0.05 g/L for DBUP during the 2013–2014 cycle. According to the NHANES Analysis Guidelines (cdc.gov/nchs/nhanes/2013–2014/SSFLRT_H.htm), replace the values below LLOD with LLOD/root 2.



NAFLD assessment

Although liver biopsy is widely accepted as the gold standard method for detecting NAFLD, its invasiveness makes it unsuitable for community research. In this investigation, we employed another indicator developed by Ruhl and Everhart for determining the presence of NAFLD, the US FLI, which has been shown to be more accurate than the Fatty Liver Index in the US population. The relevant literature states that when FLI < 30 excludes fatty liver, the specificity is 52% (sensitivity 83%). FLI ≥60 determines fatty liver with a sensitivity of 69%, (specificity 77%) (16). Race/ethnicity, age, waist circumference, GGT, rapid insulin, and glucose are all used to generate the US FLI:



Covariates

The multivariate model included latent variables confounding OPEs and NAFLD (Supplementary Figure S1), such as gender (male/female), age (continuous variable), education level, race/ethnicity, marital status, family poverty income ratio (1, 1–3, >3), BMI (Underweight/Normal weight, overweight, and obese), total cholesterol (continues), and creatinine (continues). Smoking status was divided into Never, ever (quit smoking cigarettes at least 1 day), and current (now smoke and at least 100 cigarettes in life). Hypertension was described as having a systolic blood pressure more than 140 mmHg or a diastolic blood pressure greater than 90 mmHg. diabetes (yes/no), alcohol intake (yes/no), physical activity (yes/no). Also, Supplementary Table S9 showed the Pearson correlation matrix (coefficients) between the selected covariates and NAFLD.



Statistical analysis

Male and female demographic data were expressed as mean (standard deviation, SD) or median (interquantile range, IQR) of continuous variables and proportions of categorical components based on NAFLD status. Natural log transformation (ln transformation) was used for urine creatinine and OPE metabolites because they are usually right skewed.

Regression models were separately constructed for males and females because of the well-documented gender inequalities in metabolic disorders. We initially utilized logistic regression to look at the relationship between certain OPE metabolites and NAFLD. OPE metabolites were modeled as continuous (ln-transformed) and categorical variables in regression analysis. Metabolites detected in 80% of individuals were classified into quartiles, with the first quartile serving as the reference, whereas tertiles were utilized for metabolites detected in 80% of participants. The categorical OPE metabolites were modeled as ordinal variables for linear trend testing. P values were adjusted using the Benjamini-Hochberg false discovery rate (FDR) correction to adjust for multiple testing.

We also utilized weighted quantile sum (WQS) regression to assess the combined effect of various OPE metabolites. WQS is a multi-pollutant model that has been widely used to investigate the combined effects of a variety of environmental pollutants (17). WQS allows the examination of the overall impact of chemical mixtures while simultaneously allowing for collinearity and identifying the major chemical species responsible for the observed connections. Simulations suggest that WQS outperforms approaches that focus on forecasting performance in association analysis. In this work, we created a WQS index of OPE based on metabolite quartiles (OPE index) and ran a WQS regression analysis by gender with 500 bootstrap samples in each dataset. We performed two sets of WQS regression analyzes because we did not know which OPE metabolite was linked to NAFLD. One set assumed that all components of the WQS index are positively correlated with NAFLD, whereas the other assumed that all components of the index are negatively correlated with NAFLD. The computed WQS index regression coefficients were interpreted as the mean change in log probabilities of NAFLD for each increasing index quartile.

Furthermore, we explored the relevance of the interaction term in multivariate models and stratified the results for age, serum testosterone levels, and menopausal status (women) (exposure variable effect-adjusted variable). NAFLD was related to age, and OPE exposure changed with age; therefore, analyzes were stratified further by age (< 60 and ≥60 years). Although epidemiological evidence is currently limited, laboratory investigations have shown that OPE has an antiandrogenic impact. Additionally, testosterone with various mechanisms of action may be linked to NAFLD in men and women. We expected that testosterone would change the effects of OPE. Serum total testosterone (TT) values were employed as they are the only androgens assessed in NHANES 2011–2014. TT was categorized as “low” or “high” based on their respective medians (426 ng/dl for males and 19.26 ng/dl for women).

A stratified analysis of menopausal status was also performed in women because of the unique risk profiles for metabolic dysfunction before and after menopause. We also ran several sensitivity studies to examine the robustness of our primary findings. First, the Bayesian kernel machine regression (BKMR) method was used to further validate the association of mixed exposure to OPE with NAFLD. Kernel machine regression is a common tool in machine learning that can flexibly model the relationship between a large number of variables by mapping or projecting one data series to another in a one-to-one manner to produce specific results (18). In contrast, Bayesian kernel machine regression (BKMR) is a new method with non-parametric Bayesian and statistical learning capabilities that allows flexible study of the combined effects of environmental mixtures on human health (19, 20). It can be used in that study to test (1) the relationship between different OPEs and the risk of NAFLD; and (2) the overall impact of OPEs. Second, the data were reanalyzed using the sampling weight to evaluate the consistency of the primary results. These studies were confined to classic binary logistic regression because the WQS approach does not enable survey designs.

The results of the regression analysis are presented as odds ratios (ORs) and 95% confidence intervals (CIs). All analyzes were performed in R version 3.4 (Foundation, Vienna, Austria).




Results


Baseline characteristics

This study included 1,102 individuals, including 355 patients with NAFLD. Table 1 summarizes the demographic characteristics and biochemical measurements based on gender and NAFLD status. Notably, those with NAFLD were more likely to be older, male, obese, diabetic, and hypertensive than those without NAFLD. The patients with NAFLD had increased levels of triglycerides, fasting insulin, alanine transaminase, aspartate transaminase, gamma glutamyl transferase, and Homeostatic Model Assessment for Insulin Resistance score (P < 0.05). Furthermore, remarkable baseline variations in race/ethnicity, education, marital status, poverty–income ratio (PIR), smoking, physical activity, waist circumference, and high-density lipoprotein–cholesterol levels.


TABLE 1 Baseline characteristics of the 1,102 participants.
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The detection rates of urine OPE metabolites are shown in Table 2. More than half of the subjects tested positive for five metabolites [bis (1,3-dichloro-2-propyl) phosphate (BDCPP), DBUP, bis (2-chloroethyl) phosphate (BCEP), diphenyl phosphate (DPHP), and bis (1-chloro-2-propyl) phosphate (BCPP)]. The majority of OPE metabolites were moderately linked (correlation coefficients ranged from 0.27 to 0.56) (Supplementary Table S1). In general, the individuals with NAFLD had greater amounts of urine OPE metabolites than those who without NAFLD.


TABLE 2 Detection rates (%), concentration (ng/ml) of urinary organophosphate esters in all men and women.
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Associations of individual OPE metabolites with NAFLD

After controlling for covariates, the results showed that BCEP and BDCPP were dose-dependently positively associated with NAFLD in all males (Ptrend = 0.01 for BCEP and BDCPP). By contrast, all females had only occasional meaningful relationships, except a substantial link between high DPHP concentrations and NAFLD (Table 3, Supplementary Table S2).


TABLE 3 Associations of OPE metabolites with NAFLD in all men and women.

[image: Table 3]

As shown in Supplementary Table S3, the OPE metabolites and preset effect modifiers had no substantial interactions. However, the stratified analysis produced several inconsistencies. For example, BCEP, BDCPP, and NAFLD exhibited remarkable dose–response correlations in males under 60 years (Ptrend = 0.02, 0.04, respectively), and high concentrations of BCEP, BDCPP, and DPHP were positively associated with NAFLD risk in men with TT levels of 426 ng/dl (P < 0.01). Moreover, in post-menopausal women, the highest quartile of BDCPP was significantly increased the risk of NAFLD. The connections in the men's other class and women's stratified analyzes were occasional and inconsistent (Supplementary Tables S3–S5).



Associations of multiple OPE metabolites with NAFLD in WQS analyzes

The OPE index was significantly increased the risk of NAFLD in all men (OR for OPE index: 1.52; 95% CI: 1.06, 2.19). In this finding, the OPE metabolites with the greatest estimated weights were BCEP (WQS weight = 0.32) and BDCPP (WQS weight = 0.29) (Figure 1).
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FIGURE 1
 Associations of OPEs index with NAFLD in both sexes.


Weighted quantile sum studies in males stratified by age and TT level revealed that the strongest correlations with the OPE combination were restricted to males < 60 years of age or TT < 432 ng/dl. In particular, men with TT < 432 ng/dl had a stable and somewhat greater favorable correlation with NAFLD than men with TT ≥432 ng/dl. A persistent favorable correlation was found for men aged 60 years. WQS analyzes in females stratified by age, TT level, and menopausal status revealed a substantial positive link between mixed OPE exposure and NAFLD in post-menopausal women, which was consistent with the results for individual OPE metabolites. However, other subgroups did not produce consistent results regarding the OPE combination. The associated weights for these connected OPE metabolites are shown in Supplementary Tables S6, S7.



Results of sensitivity analyzes

When we employed the BKMR approach to confirm the link between mixed OPE exposure and NAFLD risk, we discovered that mixed OPE exposure was considerably positively linked with NAFLD risk, and BCEP and BDCPP were the key contributors (Supplementary Figure S2). These results were consistent with the main findings. Our sensitivity analysis also revealed that the results remained unaltered when sophisticated survey designs were not taken into account (Supplementary Table S8).




Discussion

This study was the first to attempt to explore the relationship between urine OPE metabolites and NAFLD in people over 20 years. We discovered that these correlations differed by gender. Urinary BCEP and BDCPP levels in males were linked to increased NAFLD risk. In males, the OPE metabolite combination was likewise substantially related to NAFLD. This relationship was notably evident in males aged 60 years and those with low testosterone. By contrast, we found that mixed OPE exposure was only related to elevated NAFLD risk in post-menopausal women, and the relationships of OPE metabolites with NAFLD in women were sporadic and inconsistent.

Notably, the majority of the remarkable relationships of OPEs with NAFLD in our study were observed in men. This phenomenon might be linked to several underlying biological systems. Frog research discovered that the tissue buildup of organophosphorus flame retardants (PFRs) is very selective. Overall, the pollutant amounts in liver tissue were much greater than in other tissues. Furthermore, the pollutant concentration ratio in male frog liver tissue and other tissues was much greater than those in female frogs, indicating that male frogs have a larger metabolic capability for PFRs (21). Furthermore, the sex-dependent effects of OPEs on the hypothalamic–pituitary–thyroid axis may be important (22). Low-dose triphenyl phosphate (TPhP) exposure increased lipid-related metabolites in male mouse serum but showed no impact on female mice. In male mice, high TPhP dosages inhibit the pyruvate metabolism and citric acid cycle pathways, indicating the occurrence of aberrant lipid metabolism following TPhP exposure (23). These findings in animal tests may help explain why most NAFLD correlations are limited to males. OPEs may also have an impact on children's health. Neurodevelopment and asthma are two of the most visible negative health consequences of OPEs, with impacts on endocrine function in experimental and epidemiological investigations in adults (10). However, available research is sparse and has substantial limitations to the best of our knowledge. Few research has been conducted on the impact of OPE exposure on liver function. The effects of endocrine disruptors may occur at very low levels and early exposure during development is associated with an increased incidence of metabolism-related adverse effects such as obesity, diabetes and NAFLD (13). Several studies have linked flame retardant exposure to thyroid cancer and dose-dependent histopathological alterations in the thyroid gland, with some flame retardants competitively binding to transthyretin, a thyroxine (T4) transporter (11, 12). This results in some damage to the endocrine system. Whereas THs are essential for development, growth and metabolic activities, their importance in hepatic fatty acid and cholesterol synthesis, including metabolism, has been well-documented by studies (14). NAFLD is a complex disease and there is evidence that inflammation may precede steatosis and contribute to disease progression and may even further lead to lipid accumulation (steatosis) in hepatocytes (15). It has recently been shown that a variety of common OPFRs are able to affect inflammation-related pathways, including the JAK-STAT, TNF signaling, and PI3K-Akt pathways, and all to varying degrees in human macrophages in vitro (10). According to one study, males have a greater frequency and severity of NAFLD than women during their reproductive years. Moreover, post-menopausal women have greater incidences of NAFLD, indicating that estrogen has a protective effect (24). One research, however, found no statistically remarkable variation in the distribution of plasma OPEs between men and women with hypertension. This data revealed that age and gender were not factors of OPE bioaccumulation in the plasma of patients with hypertension (25).

Differences in age and hormonal status theoretically affect the risk of NAFLD, as they play a crucial role in determining the risk of NAFLD in men and women (25). It is becoming increasingly evident that once women reach menopause, they are at increasing risk of complications due to the reduced protective effects associated with estrogen. Among the protective effects of estrogen, liver fat accumulation appears to be the most important, as it plays an important role in the development of insulin resistance, atherosclerosis and cardiovascular disease (26). In recent years, there is a large body of evidence, mainly from the use of animal models, that estrogen withdrawal is indeed associated with alterations in molecular markers that favor the activity of metabolic pathways that ultimately lead to hepatic fat accumulation (27). Both basic and clinical studies support the hypothesis that estrogen has a protective effect on the development of NAFLD (28, 29) and the prevalence of NAFLD has been reported to be twice as high in post-menopausal women compared to premenopausal women, and the prevalence of NAFLD is lower in post-menopausal women receiving hormone replacement therapy (HRT) than in post-menopausal women not receiving hormone replacement therapy (30, 31). Overall, recent studies suggest that estrogen may prevent NAFLD. this hypothesis may explain our previous findings of a significant and positive association between mixed exposure to OPE and the risk of NAFLD in post-menopausal women compared to premenopausal women. At the same time, considerable differences were found across age categories, especially in men, with most of the associations with NAFLD being limited to those under 60 years of age. Furthermore, the lack of substantial association between men aged 60 years may be due to the small sample size and low statistical power of the study (n = 325). However, considering the arbitrary nature of age group boundaries, it is still necessary in interpreting these findings (22).

A pathogenic route may explain the link between high OPE levels and NAFLD. OPEs promote lipid accumulation in adipocytes and human hepatocytes. Transcriptomic studies in mice demonstrated that modest dosages of OPEs alter de novo fatty acid production by boosting the expression of lipogenic genes, resulting in hepatic steatosis (32–34). OPEs impair pancreatic beta-cell activity, resulting in insulin resistance in mice (35). Several investigations found that OPEs cause oxidative stress in rat hepatocytes, resulting in hepatocyte injury. OPEs were also linked to lower serum adiponectin levels in previous research (36, 37). As a result, the probable relationship between high OPE levels and NAFLD may be insulin resistance and the inflammatory response generated by the cytokines released (38). OPEs are linked to an increased risk of insulin resistance, which is linked to the pathophysiology of NAFLD (39, 40). Furthermore, OPEs can cause an inflammatory environment and oxidative stress. Higher quantities of proinflammatory cytokines have been linked to higher OPE levels (41, 42).

Previous research found that older persons are more vulnerable to NAFLD because of the impact of aging on hepatic macrophage population dynamics and polarization (43, 44). In fact, in our study, the participants over 60 years had a greater prevalence of NAFLD than those under 60 years (42.17 vs 29.14%). The elderly are a high-risk population for NALFD (45). This knowledge may help mitigate the effects of OPEs on NAFLD. Furthermore, the proportion of respondents who were 60 years old in this study was low, which may result in poor statistical power for the analysis of older people with a small sample size. Furthermore, OPEs are non-persistent pollutants; therefore, they have shorter retention durations and accumulation rates than persistent organic pollutants, such as dioxins. Older adults are likely to have different lives and use less plastic (46, 47).

Mixed OPE exposure was substantially and positively linked with NAFLD risk in post-menopausal women in our research. Although premenopausal women had more severe hepatocyte injury and inflammation than males and post-menopausal women, they had less liver fibrosis. This finding indicates the multistage influence of sex hormones on the etiology of NAFLD (48). The precise process underlying the inconsistent data is still unknown. Characterization of immune infiltrates in the livers of patients with NAFLD is needed in the future to investigate sex variations in inflammatory and cytokine profiles that may lead to fibrosis (49). Premature menopause and chronic estrogen deprivation are related to more severe liver fibrosis in post-menopausal women with NAFLD. The data suggest that estrogen protects the liver against fibrosis in patients with NAFLD. The characteristics of liver damage and inflammation in response to metabolic stress appear to be dependent on gender, puberty, and sex hormone levels (50, 51). However, more research is required in this area.

Our research offers several advantages. First, we had a reasonably high sample size, which allowed us to investigate sex differences in the connection between OPE exposure and NAFLD, as well as the possible influence of numerous major NAFLD-related characteristics when multiple covariates were controlled. Second, as a multi-pollutant model, we employed WQS regression to investigate the possible combined impacts of various OPE metabolites. This analysis provided us with more information on the OPE mixture's metabolic-disrupting effects.

Our findings, however, should be regarded with care because of the following limitations. First, our findings cannot be used to draw causal conclusions regarding the connection of OPE exposure with NAFLD because of study design constraints. Second, OPE has a very short half-life (varying from hours to days), and the exposure evaluation in the current investigation was based on a single spot of urine. Individual variability in OPE metabolite concentrations will undoubtedly induce measurement mistakes. However, such measurement mistakes might result in non-differential misclassification, skewing the genuine connection toward zero. Third, although WQS was applied to examine the mixed effects of OPE, its limitations should be recognized. WQS analysis incorporates assumptions about directional homogeneity, linearity, and the cumulative effects of different exposures, which all add uncertainty to the overall consequences of OPE. As a result, we included the BKMR approach to the sensitivity analysis to minimize this bias. Finally, although analyzes stratified by age, TT level, and menopausal status can offer useful information about the features of vulnerable populations, multiplexing may increase the likelihood of false-positive results. As a result, the current stratified analysis results are experimental. Furthermore, even after the data were corrected for various confounders, the observed relationships might be attributable to residual confounders or unmeasured variables, particularly given the presence of co-exposure pollutants, such as phthalates, which were associated with NAFLD and OPE but were measured in different environmental subsamples.



Conclusion

In conclusion, we discovered that specific urine OPE metabolites and OPE combinations were related with an increased frequency of NAFLD in men. This connection appears to be stronger in males aged 60 years or with TT 426 ng/dl. In women, however, these correlations were sporadic and inconsistent, with the exception of an elevated risk of NAFLD linked with the OPE combination in post-menopausal women. Given the study's limitations, these findings should be evaluated with care and validated in future investigations.
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