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Abstract

:

Nonalcoholic fatty liver disease (NAFLD) is a condition of excess accumulation of fats in the liver. Thyroid dysfunction is commonly observed in adult populations with NAFLD. In subjects with thyroid dysfunction, phthalates, which are chemical compounds widely used to increase the flexibility of various plastic products, may increase the risk of NAFLD prevalence. Therefore, our study aimed to evaluate the relationship between the levels of urinary phthalate metabolites and the risk of NAFLD stratified by the levels of thyroid-stimulating hormone (TSH). Data (n = 2308) were obtained from the Korean National Environmental Health Survey II (2012–2014). Using the hepatic steatosis index, participants were classified into non-NAFLD (<30) and NAFLD (>36) groups. Participants with euthyroidism were defined as 0.45–4.5 mIU/L for serum TSH and normal thyroxine (T4) levels (n = 2125). Subclinical hypothyroidism (SCH) was defined as a higher TSH level (4.5–10 mIU/L) with normal total T4 levels in the serum (n = 183). A multivariate analysis was performed to assess the association of the urinary phthalate concentration with the risk of NAFLD after stratification based on the thyroid hormone levels. The levels of phthalate metabolites in urine were not significantly associated with NAFLD in adults with euthyroidism. However, a significant increased risk of NAFLD in those with SCH was observed in the fourth quartile of mono (2-ethyl-5-hydroxyhexyl) phthalate (odds ratio (OR) 13.59, 95% confidence interval (CI) 12.13–86.44), mono (2-ethyl-5-oxohexyl) phthalate (OR 8.55, 95% CI 1.20–60.53), mono-(2-ethyl-5-carboxypentyl) phthalate (OR 9.06, 95% CI 1.78–45.96), and mono-benzyl phthalate (OR 6.05, 95% CI 1.62–22.54) compared to those of the lowest quartile after being adjusted with covariates. In conclusion, the levels of phthalate metabolites in urine are positively associated with NAFLD in adults with SCH. More experimental studies are needed to clarify the risk of NAFLD caused by phthalate exposure in cases with poor thyroid function.
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1. Introduction


Phthalates are widely used in consumer goods and various personal care products. High-molecular-weight phthalates, including di (2-ethylhexyl) phthalate (DEHP), di-isononyl phthalate, and di-n-octyl phthalate, are mainly used as plasticizers to increase the flexibility of consumer products. Low-molecular-weight phthalates, including diethyl phthalate and di-n-butyl phthalate (DBP), are also used as plasticizers and solvents in cosmetics and pharmaceutical materials [1]. Following entry into the body, these compounds are rapidly metabolized in the liver and gut [2,3,4] and excreted via urine and feces [5,6]. Despite relatively short half-lives, the association of these compounds with adverse health effects is being studied, especially since humans are being continuously exposed to various types of phthalates at the same time.



Nonalcoholic fatty liver disease (NAFLD) is a condition characterized by marked fat accumulation (≥5%) in the liver without excessive alcohol consumption, viral hepatitis, and other hepatic diseases [7]. The clinical entities associated with this condition range from simple hepatic steatosis to steatohepatitis, liver cirrhosis, and even hepatocellular carcinoma [7]. The global prevalence of NAFLD has increased during the past decades and is estimated to currently be from 20% to 30% [8,9]. A number of diseases, including cardiovascular disease, type 2 diabetes mellitus, chronic kidney disease, and cancer, are associated with the increasing incidence of NAFLD [10,11,12]. Recent epidemiological studies have shown an association between phthalates and various types of liver damage, including NAFLD [13,14,15,16].



In addition, thyroid hormones triiodothyronine (T3) and thyroxine (T4) are released from the thyroid gland and have an essential role in growth, development, and energy homeostasis [17]. They are regulated by thyroid-stimulating hormone (TSH) in the pituitary gland. Hypothyroidism is classified as subclinical hypothyroidism (SCH) and overt hypothyroidism. SCH is a condition when the elevated levels of serum TSH are more than the upper reference limit and normal free T4 [18]. Since thyroid hormones are involved in glucose and lipid metabolism [19], poor thyroid function might increase the risk of NAFLD [20,21]. However, there have also been reports of no association between thyroid function and NAFLD [22,23]. Thus, the contribution of thyroid dysfunction in the development of NAFLD is still under discussion.



The upregulation of the genes involved in cholesterol and fatty acid metabolism in the liver, after interacting with phthalates, has been described in animal studies and in studies on hepatocyte cell lines as a possible underlying mechanism in the development of NAFLD [24,25,26,27,28,29,30]. Additionally, phthalates can disrupt the production of thyroid hormones through binding with thyroid hormone receptors [31] and through downregulation of the thyroid hormone-binding transport protein expression in rat liver [32]. It seems that individuals with thyroid dysfunction may be at an increased risk of NAFLD occurrence if they also have high phthalate concentrations.



Therefore, this study examined the association between the urinary phthalate metabolite levels and NAFLD prevalence in adults with SCH.




2. Materials and Methods


2.1. Study Population


This study used the data from the second round of the Korean National Environmental Health Survey (KoNEHS, 2012–2014). KoNEHS has been conducted every 3 years since 2009 to collect nationally representative data on the exposure level of environmental chemicals, the influential factors associated with the exposure, and the spatiotemporal distribution characteristics in the Korean population. For this purpose, KoNEHS II used a two-stage stratified sampling design. Using the 2010 Population and Housing Census of the National Statistical Office as the target population, the first stratification was performed in regional administrative districts and coastal floors, and the second stratification was carried out on a proportion of apartments closely related in socioeconomic level, as well as a proportion of people who engage in agriculture and fishing. Finally, 358 general survey areas were extracted, and a total of 400 sample survey areas, including 42 designated survey areas, were selected; sample households within the survey area were systematically extracted, and about 15 people per sample area were investigated [33].



A total of 6478 participants (2774 men and 3704 women) aged ≥19 years were included. A questionnaire survey, physical measurements, and collection of biological samples (blood and urine) were conducted for each participant. The survey was conducted through a face-to-face interview method, and the collection and management of the biological samples was performed according to the manuals. Among the participants, 315 participants with missing data were excluded: 247 with missing values for phthalate metabolites, 21 with missing data on aspartate transaminase (AST) or alanine aminotransferase (ALT) levels, 43 with missing values for thyroid hormone concentrations, and 4 with missing baseline characteristics. In addition, those with hepatitis or hepatic disease (n = 54), AST/ALT ratio > 2 (n = 182), thyroid cancer or thyroid disease (n = 148), current pregnancy (n = 29, only women), excessive alcohol consumption (n = 613; 529 men and 84 women), abnormal TSH levels (>10 mIU/L or ≤0.45 mIU/L; n = 72), and abnormal creatinine levels (>3.0 g/L or <0.3 g/L; n = 687) were excluded. Then, 2002 participants (855 men and 1147 women) were excluded based on the hepatic steatosis index score (30 ≤ HIS ≤ 36) to reduce the confounding influence of NAFLD prevalence. Finally, 2308 participants (987 men and 1321 women) were included in this study (Figure 1).




2.2. Data Collection and Diagnosis


Demographic and lifestyle characteristics, including age, gender, drinking and smoking status, physical activity, socioeconomic status, education level, marriage, and medications consumed, were surveyed through face-to-face interviews. Based on the responses, some variables were categorized as follows: education (<high school graduate, high school graduate, and ≥ college/university graduate); drinking and smoking status (never, past, and current); physical activity levels (no, moderate, and vigorous); monthly household income (≤1.5, 1.5–3, 3–4.5, and >4.5 million Korean won); and marital status (single, married, and divorced/separated). Excess alcohol consumption was defined as follows: men who consumed 3 or more times per week and 7–9 cups per time and women who consumed 3 or more times per week and 5–6 cups per time [34]. Body mass index (BMI) was calculated as the body weight (kg) divided by height squared (m2).



Participants with diagnoses of hepatitis or hepatic steatosis who were presently undergoing treatment or taking drugs were regarded as patients with hepatic disease. Hypertension was defined by a self-reported history of hypertension or of current antihypertensive medication use. Diabetes mellitus (DM) was defined by a self-reported history of DM or of current antidiabetic medication use. Hyperlipidemia was defined as a self-reported history of hyperlipidemia, antihyperlipidemic medication use, high-density lipoprotein cholesterol level ≤ 40 mg/dL, triglyceride level (TG) ≥ 240 mg/dL, or total cholesterol ≥ 200 mg/dL.




2.3. Measurement of Phthalate Metabolites in Urine


Spot urine samples were collected from participants at the same time as the blood samples were taken. The collected urine samples were immediately stored at 0–4 °C and were subsequently frozen at −20 °C. The levels of phthalate metabolite, including mono (2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono (2-ethyl-5-oxohexyl)phthalate (MEOHP), mono (2-ethyl-5-carboxypentyl)phthalate (MECPP), monobenzyl phthalate (MBzP), and mono-n-butyl phthalate (MnBP), were measured using ultra-performance liquid chromatography-mass spectrometry (Xevo TQ-S, Waters, Milford, MA, USA) in urine samples [35]. Values below the detection limits were imputed using the LOD divided by the square root of 2. The limits for detection of MEHHP, MEOHP, MECPP, MBzP, and MnBP were 0.28, 0.26, 0.34, 0.44, and 0.27 ug/L, respectively.




2.4. Definition of Nonalcoholic Fatty Liver Disease


NAFLD was diagnosed using the hepatic steatosis index (HSI) score, because it is considered an effective and noninvasive NAFLD detection marker [36]. HSI is calculated as follows: HSI = 8 × ([ALT]/[AST] ratio) + BMI (+2, if female; +2, if DM). Values of HSI < 30.0 were defined as participants without hepatic steatosis (non-NAFLD), while values of HSI > 36 were defined as indicative of NAFLD [36]. To increase the sensitivity and specificity for the detection of NAFLD, the participants with 30 ≤ HSI ≤ 36 were eliminated.




2.5. Definition of Subclinical Hypothyroidism


KoNEHS II included the total T3, T4, and TSH in the collected blood samples, which were measured using a high-performance ADVIA Centaur® XP system (Siemens Diagnostics, Tarrytown, NY, USA). Based on the provided thyroid hormone concentrations, participants with euthyroidism were defined as having a blood TSH within the reference range (0.45–4.5 mIU/L) [18]. Subjects with a serum TSH level 4.5–10 mIU/L with a normal T4 level (5.0–12.5 mIU/L) were defined as SCH. Participants with serum TSH higher than 10 mIU/L or lower than 0.45 mIU/L were excluded to reduce the potential interference of thyroid medication or other thyroid-related diseases. Free T4 levels were not available in the second round of the KoNEHS dataset; thus, the total T4 levels were used.




2.6. Statistical Analysis


Subjects were classified as non-NAFLD and NAFLD based on the HSI score and as having normal thyroid function and as having subclinical hypothyroidism based on the serum TSH and T4 levels. Considering the stratified two-stage cluster sampling design, sample weights were used to correct any imbalances between the survey sample and the population. The weighted average and standard error (continuous variables) and weighted frequency (categorical variables) were provided for each group. The general characteristics were compared using the t-test, and an analysis of variance (continuous variable) or χ2 test (categorical variables) was performed.



The distributions of the phthalate metabolite concentrations (μg/L) were skewed to the right; thus, the data were log-transformed before the analysis. Geometric means and geometric standard deviations of the urinary phthalate metabolite levels were shown in each group. The urinary phthalate metabolite levels were categorized into quartiles based on the weighted sample distribution. The lowest quartile of each phthalate metabolite concentration was used as a reference, because there was no cut-off value for assessing the adverse effects of the phthalate metabolites.



The relationship between the urinary phthalate metabolites levels and NAFLD according to the TSH levels was analyzed using a multivariate logistic regression analysis. Demographic factors, including age; gender; drinking; smoking; physical activity; monthly household income; education; marital status; and clinical variables (including hypertension, DM, and hyperlipidemia) were included in the regression model. Since the BMI is used in the HSI formula, it was not included in the multivariate analysis as an independent variable to avoid collinearity. In this formula, 2 points were added for the BMIs of female participants to account for the lower BMI of women compared to that of men. Further, 2 points were added for the BMIs of subjects with DM, because DM is an independent risk factor of NAFLD [36]. Thus, gender and DM were used as independent variables in the multivariate analysis. Data analyses were performed using STATA (version 16.0, StataCorp LP, College Station, TX, USA). p-values <0.05 were considered significant.





3. Results


3.1. General Characteristics of Study Participants


The demographic and clinical characteristics of the participants (n = 2308) are represented in Table 1 and Table 2. According to the HSI score, participants with HSI ≤ 30.0 were classified as non-NAFLD (n = 1202), while those with HIS > 36.0 were placed in the NAFLD group (n = 1106) (Table 1). The mean age and BMI were significantly higher in subjects with NAFLD compared to those without NAFLD (both p < 0.001). The weighted frequencies of gender, drinking and smoking status, monthly household income, education, marital status, and comorbidities were statistically different between the two groups (all p < 0.05).



Based on the TSH and T4 levels, participants with euthyroidism and SCH were classified (Table 2). Subjects with 0.45–4.5-mIU/L TSH and normal T4 (5.0–12.5 mIU/L) in the serum were defined as euthyroidism (n = 2125). SCH was defined as 4.5–10-mIU/L TSH and normal T4 in the serum (n = 183). The average age was significantly higher in participants with SCH compared to those with euthyroidism (p = 0.002). The weighted frequencies of gender, drinking and smoking status, education, and marital status were significantly different between the two groups (all p < 0.05). However, the BMI, physical activity, monthly household income, and comorbidities in the subjects with euthyroidism were not different compared to the subjects with SCH.




3.2. Prevalence of NAFLD in Participants with Euthyroidism and with SCH


The weighted prevalence of NAFLD based on HSI was 45.23% (95% CI: 42.37–48.11) in participants with euthyroidism and 50.19% (95% CI: 40.72–59.63) in participants with SCH (Table 3). The prevalence of NAFLD was not different between participants with euthyroidism and those with SCH (p = 0.321).




3.3. The Concentrations of Phthalate Metabolites in Urine


The levels of phthalate metabolites in urine are represented in Table 4. The urinary phthalate metabolite concentrations were not statistically different between those with non-NAFLD and NAFLD and normal thyroid function.



In the participants with subclinical hypothyroidism, the levels of MEHHP, MEOHP, MECPP, and MBzP in their urine were significantly higher in the NAFLD group when compared to those without NAFLD (p = 0.001, p = 0.028, p = 0.011, and p = 0.037, respectively). However, there was no significant difference in the MnBP concentrations in urine between the non-NAFLD and NAFLD groups.




3.4. The Association between Urinary Phthalate Metabolites and NAFLD after Stratified by TSH Levels


Participants were classified into two groups based on thyroid function: those with euthyroidism and those with SCH, according to the serum TSH and T4 levels (Table 5). Subjects were also divided into non-NAFLD and NAFLD groups based on the HSI score. Univariate and multivariate analyses were conducted to examine the association between urinary phthalate metabolite levels and NAFLD in subjects with normal thyroid function andSCH.



Subjects with euthyroidism did not display a significant increase in the prevalence of NAFLD when considering the increasing urinary phthalate metabolites levels in both the univariate and multivariate analyses. The urinary MnBP levels were correlated with NAFLD in the results of the trend tests after adjustment for age, gender, creatinine, smoking, drinking, exercise, marital status, education, income, hypertension, diabetes mellitus, and hyperlipidemia (p = 0.032).



In participants with SCH, the risk of NAFLD in the fourth quartile of MEHHP, MECPP, and MBzP was significantly higher than that in those in the lowest quartile in the univariate analysis (OR 3.87 (95% CI 1.40–10.70), OR 3.29 (95% CI 1.19–9.08), and OR 3.23 (95% CI 1.08–9.68), respectively). After adjustment for demographic and clinical factors, participants in the fourth quartile of MEHHP, MEOHP, MECPP, and MBzP displayed a significant increase of NAFLD risk when compared to those in the lowest quartile (OR 13.59 (95% CI 2.13–86.44), OR 8.55 (95% CI 1.20–60.53), OR 9.06 (95% CI 1.78–45.96), and OR 6.05 (95% CI 1.62–22.54), respectively). The results of the trend tests for the correlation of MEHHP, MEOHP, MECPP, and MBzP with NAFLD were p < 0.05 in both the crude analysis and multivariate analysis.





4. Discussion


In this study, we aimed to assess the relationship between the urinary phthalate metabolites levels and NAFLD in subjects with SCH. Based on the serum TSH and T4 levels, participants were classified into euthyroidism and SCH. There was no significant relationship between thyroid function and NAFLD. A significant relationship between the urinary phthalate metabolite levels and NAFLD prevalence was not observed in participants with euthyroidism both the univariate and multivariate analyses. However, in subjects with SCH, the highest quartile of MEHHP, MEOHP, MECPP, and MBzP in urine displayed a significant association with NAFLD prevalence after adjusting for demographic and clinical factors.



Phthalates are widely used to increase flexibility in consumer products. They can enter the human body through ingestion, inhalation, and dermal routes [37]. The phthalates are rapidly hydrolyzed to monoesters in the liver and gut [2,3,4], and the monoesters of DEHP are additionally metabolized into secondary oxidized metabolites such as MEHHP, MEOHP, and MECPP [3,5]. Most of the metabolites are excreted through the urine and feces within 24 h [5,6]. Thus, urine samples are commonly used to identify phthalate exposure levels.



A Westernized diet and sedentary lifestyle might be considered important risk prerequisite factors in the development of NAFLD [38,39]. Despite cross-sectional studies that have reported the association between NAFLD and liver damage with urinary phthalate metabolite levels in the general population [13,14], clarification of the relationship between phthalates and NAFLD pathogenesis is needed. Experimental studies have described the underlying mechanism in the pathogenesis of NAFLD after phthalate exposure. DEHP treated with high fat or oleic acid increased the hepatic TG levels and increased the gene and protein expressions of the key enzymes involved in fatty acid synthesis through the induction of nuclear receptors such as peroxisome proliferator-activated receptors (PPARs) and sterol regulatory element-binding protein 1 (SREBP-1c) in rats [24,29] and the HepG2 cell line [25]. In addition, the disruption of genes associated with the liver, such as those involved in fatty acid metabolism and the development of NAFLD, was identified after exposure to environmentally relevant levels of phthalates in zebrafish [26]. When HepG2 cells were treated with MEHP, the metabolite of DEHP, lipid accumulation was increased through the disruption of several key enzymes. This was linked to the de novo synthesis of fatty acids [28]. Perinatal exposure to DEHP also increased the TG levels, as well as the overexpression of diacylglycerol O-acyltransferase 1 (DGAT1), which is involved in re-esterification from free fatty acid to TG in the liver of adult male offspring [40]. Accordingly, phthalates could induce the development of NAFLD through disrupting the expression of lipogenic enzymes.



In addition, phthalates were found to influence not only increased liver fat mass but, also, thyroid hormones homeostasis [41,42]. Thyroid hormones are released from the thyroid gland and regulated by TSH in the pituitary gland. The levels of phthalate metabolites showed a negative association with the serum total T4 and free T4 levels in pregnant women [43] and with the serum-free T4 and T3 levels in men [44]. The urinary phthalate concentrations were shown to be associated with the alteration of thyroid hormones in the Korean adult population [45]. Epidemiologic studies have demonstrated that FRTL-5 rat thyroid follicular cells treated with phthalates showed increased iodide uptake [46]. Exposure to DBP increased the serum T3 levels and decreased the serum TSH levels in hyperthyroid rats compared to the control animals [47]. Additionally, DEHP significantly decreased the serum T3 and T4 levels, as well as the thyrotropin-releasing hormone levels, in rats [32,41]. Based on these epidemiologic and laboratory studies, phthalates may induce the disruption of thyroid function.



The disruption of thyroid hormones may contribute to NAFLD pathogenesis [20,21]. When the circulating thyroid hormone levels were reduced, resting energy expenditure, weight gain, and lipolysis were decreased, and cholesterol levels were increased [48]. In a previous meta-analysis, subjects with hypothyroidism were 52% more likely to develop NAFLD compared to euthyroid subjects [49]. Thyroid hormones may modulate the metabolic process through the regulation of nuclear receptors, including PPARs, liver X receptor, and others [50]. Since the mechanism of phthalate interference with hepatic lipid metabolism involves their direct or indirect activity on nuclear receptors [24,25,29], subjects with diminished thyroid action might have an increased risk of NAFLD when exposed to phthalates compared to subjects with normal thyroid function.



To the best of our knowledge, this is the first study to report the association between urinary phthalate metabolite levels and NAFLD in subjects with subclinical hypothyroidism. However, some limitations of the study need to be addressed. First, subjects with NAFLD were diagnosed using the HSI score instead of a liver biopsy or imaging modalities, such as ultrasonography and computed tomography. Despite a liver biopsy being the gold standard for assessing the severity of hepatic steatosis, it does not appear to be cost-effective for mass screening. HSI is a noninvasive tool that is able to predict the presence of NAFLD. In the Korean population, an area under receiver operating curve of the HSI was 0.812 (95% CI 0.801–0.824) [36]. At a value of <30.0, the HSI could exclude NAFLD with a sensitivity of 92.5% (95% CI 91.4–93.5), and at a value of >36.0, the HSI could detect NAFLD with a specificity of 92.4% (95% CI 91.3–93.4). Thus, we ruled out the group with intermediate values (30 ≤ HSI ≤ 36) to increase the accuracy of the HSI for predicting NAFLD. Second, individuals with TSH levels higher than the upper reference limit and with a normal free T4 level were diagnosed with SCH [51]. However, free T4 levels were not available in the second round of the KoNEHS dataset. Thus, subclinical hypothyroidism was defined in subjects using serum TSH levels ranging from 4.5 mIU/L to 10 mIU/L and normal T4 levels. Even in the case of asymptomatic subclinical hypothyroidism, medications could be prescribed that may cause TSH to exceed 10 mIU/L or be lower than 0.45 mIU/L in the serum; thus, both these values were excluded from the analysis. Third, the second round of KoNEHS data set did not provide data on the amount of alcohol consumption (g/day). We defined heavy drinkers as those who consumed alcohol more than 3 times a week and consumed 7–9 glasses per sitting in men (5–6 glasses per sitting in women) [34]. Fourth, phthalate metabolites were measured using single spot urine samples. Since phthalates have relatively short half-lives, intra- and inter-variations might be present. However, KoNEHS randomly collected a sufficient number of spot urine samples. Thus, it may adequately reflect the average phthalate metabolite levels in the population. Finally, because the number of participants with subclinical hypothyroidism was relatively small (n = 183), it is difficult to generalize these results to the larger population. Further studies are needed to clarify whether phthalates are independently associated with NAFLD pathogenesis in subjects with subclinical and overt thyroid dysfunction.




5. Conclusions


Our study suggests an association between phthalates and the risk of NAFLD in subjects with subclinical hypothyroidism. However, in participants with normal thyroid function, a positive relationship was not clearly observed. Therefore, it is desirable to reduce phthalate exposure in order to prevent NAFLD, especially in individuals with poor thyroid function. In addition, the molecular mechanism of increased NAFLD risk caused by phthalates in the case of poor thyroid function should be assessed.







Author Contributions


Conceptualization, E.-J.Y. and B.-S.C.; methodology, B.-S.C. and Y.-J.Y.; software, Y.-J.Y.; validation, B.-S.C. and Y.-J.Y.; formal analysis, E.-J.Y. and Y.-J.Y.; writing—original draft preparation, E.-J.Y. and Y.-J.Y.; writing—review and editing, B.-S.C. and Y.-J.Y.; visualization, E.-J.Y.; and funding acquisition, Y.-J.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This work has supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (NRF-2021R1I1A3046386).




Institutional Review Board Statement


Our investigation was based on KoNEHS cycle 2 (2012–2014), which was approved by the Institutional Review Board of the National Institute of Environmental Research in Korea (NIER-1805). All participants provided written informed consent. When researchers request data, they receive data that does not include identifiable IDs and/or regional code variables in combination with personal information and other data. This study was conducted after obtaining approval from the Institutional Review Board (IRB) of Catholic Kwandong University. International St. Mary’s Hospital Ethical review and approval were waived for this study, due to using existing information/data, documents, and records (IRB No. S21EISI0092).




Informed Consent Statement


Not applicable.




Data Availability Statement


This study used data from the Second Korean National Environmental Health Survey (KoNEHS), which was conducted by the Ministry of Environment, National Institute of Environmental Research. The data presented in this study are available on request from the corresponding author. The data are not publicly available due to protected personal information.




Acknowledgments


The authors thank the Second Korean National Environmental Health Survey (KoNEHS), which was conducted by the Ministry of Environment, National Institute of Environmental Research, for use of the data.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hauser, R.; Calafat, A.M. Phthalates and human health. Occup. Environ. Med. 2005, 62, 806–818. [Google Scholar] [CrossRef] [PubMed]

	



Calafat, A.M.; Ye, X.; Silva, M.J.; Kuklenyik, Z.; Needham, L.L. Human exposure assessment to environmental chemicals using biomonitoring. Int. J. Androl. 2006, 29, 166–171; discussion 181–165. [Google Scholar] [CrossRef] [PubMed]

	



Koch, H.M.; Bolt, H.M.; Preuss, R.; Angerer, J. New metabolites of di(2-ethylhexyl)phthalate (DEHP) in human urine and serum after single oral doses of deuterium-labelled DEHP. Arch. Toxicol. 2005, 79, 367–376. [Google Scholar] [CrossRef] [PubMed]

	



Silva, M.J.; Barr, D.B.; Reidy, J.A.; Kato, K.; Malek, N.A.; Hodge, C.C.; Hurtz, D., 3rd; Calafat, A.M.; Needham, L.L.; Brock, J.W. Glucuronidation patterns of common urinary and serum monoester phthalate metabolites. Arch. Toxicol. 2003, 77, 561–567. [Google Scholar] [CrossRef] [PubMed]

	



Koch, H.M.; Bolt, H.M.; Angerer, J. Di(2-ethylhexyl)phthalate (DEHP) metabolites in human urine and serum after a single oral dose of deuterium-labelled DEHP. Arch. Toxicol. 2004, 78, 123–130. [Google Scholar] [CrossRef]

	



Frederiksen, H.; Skakkebaek, N.E.; Andersson, A.M. Metabolism of phthalates in humans. Mol. Nutr. Food Res. 2007, 51, 899–911. [Google Scholar] [CrossRef] [PubMed]

	



Angulo, P. Nonalcoholic fatty liver disease. N. Engl. J. Med. 2002, 346, 1221–1231. [Google Scholar] [CrossRef] [PubMed]

	



Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [Google Scholar] [CrossRef] [PubMed]

	



Younossi, Z.M.; Stepanova, M.; Younossi, Y.; Golabi, P.; Mishra, A.; Rafiq, N.; Henry, L. Epidemiology of chronic liver diseases in the USA in the past three decades. Gut 2020, 69, 564–568. [Google Scholar] [CrossRef] [PubMed]

	



Adams, L.A.; Anstee, Q.M.; Tilg, H.; Targher, G. Non-alcoholic fatty liver disease and its relationship with cardiovascular disease and other extrahepatic diseases. Gut 2017, 66, 1138–1153. [Google Scholar] [CrossRef] [PubMed]

	



Motamed, N.; Rabiee, B.; Poustchi, H.; Dehestani, B.; Hemasi, G.R.; Khonsari, M.R.; Maadi, M.; Saeedian, F.S.; Zamani, F. Non-alcoholic fatty liver disease (NAFLD) and 10-year risk of cardiovascular diseases. Clin. Res. Hepatol. Gastroenterol. 2017, 41, 31–38. [Google Scholar] [CrossRef] [PubMed]

	



Chang, Y.; Jung, H.S.; Yun, K.E.; Cho, J.; Cho, Y.K.; Ryu, S. Cohort study of non-alcoholic fatty liver disease, NAFLD fibrosis score, and the risk of incident diabetes in a Korean population. Am. J. Gastroenterol. 2013, 108, 1861–1868. [Google Scholar] [CrossRef] [PubMed]

	



Yu, L.; Yang, M.; Cheng, M.; Fan, L.; Wang, X.; Xu, T.; Wang, B.; Chen, W. Associations between urinary phthalate metabolite concentrations and markers of liver injury in the US adult population. Environ. Int. 2021, 155, 106608. [Google Scholar] [CrossRef] [PubMed]

	



Yang, Y.J.; Kim, T.; Hong, Y.P. Urinary Phthalate Levels Associated with the Risk of Nonalcoholic Fatty Liver Disease in Adults: The Korean National Environmental Health Survey (KoNEHS) 2012–2014. Int. J. Environ. Res. Public Health 2021, 18, 6035. [Google Scholar] [CrossRef] [PubMed]

	



Cai, S.; Fan, J.; Ye, J.; Rao, X.; Li, Y. Phthalates exposure is associated with non-alcoholic fatty liver disease among US adults. Ecotoxicol. Environ. Saf. 2021, 224, 112665. [Google Scholar] [CrossRef] [PubMed]

	



Milosevic, N.; Milanovic, M.; Sudji, J.; Bosic Zivanovic, D.; Stojanoski, S.; Vukovic, B.; Milic, N.; Medic Stojanoska, M. Could phthalates exposure contribute to the development of metabolic syndrome and liver disease in humans? Environ. Sci. Pollut. Res. Int. 2020, 27, 772–784. [Google Scholar] [CrossRef] [PubMed]

	



Haddow, J.E.; Thyroid Study, G. Subclinical hypothyroidism and pregnancy outcomes. Obstet. Gynecol. 2005, 106, 198; author reply 198–199. [Google Scholar] [CrossRef] [PubMed]

	



Surks, M.I.; Ortiz, E.; Daniels, G.H.; Sawin, C.T.; Col, N.F.; Cobin, R.H.; Franklyn, J.A.; Hershman, J.M.; Burman, K.D.; Denke, M.A.; et al. Subclinical thyroid disease: Scientific review and guidelines for diagnosis and management. JAMA 2004, 291, 228–238. [Google Scholar] [CrossRef] [PubMed]

	



Mullur, R.; Liu, Y.Y.; Brent, G.A. Thyroid hormone regulation of metabolism. Physiol. Rev. 2014, 94, 355–382. [Google Scholar] [CrossRef] [PubMed]

	



Chung, G.E.; Kim, D.; Kim, W.; Yim, J.Y.; Park, M.J.; Kim, Y.J.; Yoon, J.H.; Lee, H.S. Non-alcoholic fatty liver disease across the spectrum of hypothyroidism. J. Hepatol. 2012, 57, 150–156. [Google Scholar] [CrossRef] [PubMed]

	



Pagadala, M.R.; Zein, C.O.; Dasarathy, S.; Yerian, L.M.; Lopez, R.; McCullough, A.J. Prevalence of hypothyroidism in nonalcoholic fatty liver disease. Dig. Dis. Sci. 2012, 57, 528–534. [Google Scholar] [CrossRef] [PubMed]

	



Eshraghian, A.; Dabbaghmanesh, M.H.; Eshraghian, H.; Fattahi, M.R.; Omrani, G.R. Nonalcoholic fatty liver disease in a cluster of Iranian population: Thyroid status and metabolic risk factors. Arch. Iran. Med. 2013, 16, 584–589. [Google Scholar] [PubMed]

	



Mazo, D.F.; Lima, V.M.; Stefano, J.T.; Rabelo, F.; Faintuch, J.; Oliveira, C.P. Gluco-lipidic indices in treated hypothyroidism associated with nonalcoholic fatty liver disease. Arq. Gastroenterol. 2011, 48, 186–189. [Google Scholar] [CrossRef] [PubMed]

	



Chen, H.; Zhang, W.; Rui, B.B.; Yang, S.M.; Xu, W.P.; Wei, W. Di(2-ethylhexyl) phthalate exacerbates non-alcoholic fatty liver in rats and its potential mechanisms. Environ. Toxicol. Pharmacol. 2016, 42, 38–44. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, W.; Shen, X.Y.; Zhang, W.W.; Chen, H.; Xu, W.P.; Wei, W. The effects of di 2-ethyl hexyl phthalate (DEHP) on cellular lipid accumulation in HepG2 cells and its potential mechanisms in the molecular level. Toxicol. Mech. Methods 2017, 27, 245–252. [Google Scholar] [CrossRef] [PubMed]

	



Huff, M.; da Silveira, W.A.; Carnevali, O.; Renaud, L.; Hardiman, G. Systems Analysis of the Liver Transcriptome in Adult Male Zebrafish Exposed to the Plasticizer (2-Ethylhexyl) Phthalate (DEHP). Sci. Rep. 2018, 8, 2118. [Google Scholar] [CrossRef] [PubMed]

	



Feige, J.N.; Gerber, A.; Casals-Casas, C.; Yang, Q.; Winkler, C.; Bedu, E.; Bueno, M.; Gelman, L.; Auwerx, J.; Gonzalez, F.J.; et al. The pollutant diethylhexyl phthalate regulates hepatic energy metabolism via species-specific PPARalpha-dependent mechanisms. Environ. Health Perspect. 2010, 118, 234–241. [Google Scholar] [CrossRef] [PubMed]

	



Bai, J.; He, Z.; Li, Y.; Jiang, X.; Yu, H.; Tan, Q. Mono-2-ethylhexyl phthalate induces the expression of genes involved in fatty acid synthesis in HepG2 cells. Environ. Toxicol. Pharmacol. 2019, 69, 104–111. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Ge, S.; Yang, Z.; Li, Z.; Gong, X.; Zhang, Q.; Dong, W.; Dong, C. Disturbance of di-(2-ethylhexyl) phthalate in hepatic lipid metabolism in rats fed with high fat diet. Food Chem. Toxicol. 2020, 146, 111848. [Google Scholar] [CrossRef] [PubMed]

	



Ding, S.; Qi, W.; Xu, Q.; Zhao, T.; Li, X.; Yin, J.; Zhang, R.; Huo, C.; Zhou, L.; Ye, L. Relationships between di-(2-ethylhexyl) phthalate exposure and lipid metabolism in adolescents: Human data and experimental rat model analyses. Environ. Pollut. 2021, 286, 117570. [Google Scholar] [CrossRef] [PubMed]

	



Zoeller, R.T. Environmental chemicals as thyroid hormone analogues: New studies indicate that thyroid hormone receptors are targets of industrial chemicals? Mol. Cell. Endocrinol. 2005, 242, 10–15. [Google Scholar] [CrossRef] [PubMed]

	



Liu, C.; Zhao, L.; Wei, L.; Li, L. DEHP reduces thyroid hormones via interacting with hormone synthesis-related proteins, deiodinases, transthyretin, receptors, and hepatic enzymes in rats. Environ. Sci. Pollut. Res. Int. 2015, 22, 12711–12719. [Google Scholar] [CrossRef] [PubMed]

	



Korean National Institute of Environmental Research. Guidelines for Using Raw Materials for Korean National Environmental Health Survey—The Second Stage (‘12–‘14); Korean National Institute of Environmental Research: Incheon, Korean, 2015. [Google Scholar]

	



Kang, Y.; Park, J.; Yoon, K. Association between urinary phthalate metabolites and obesity in adult Korean population: Korean National Environmental Health Survey (KoNEHS), 2012–2014. Ann. Occup. Environ. Med. 2019, 31, e23. [Google Scholar] [CrossRef] [PubMed]

	



Korean National Institute of Environmental Research. Analysis manual of environmental hazardous substances in biological samples (organic compounds). In Guidelines for Using Raw Materials for Korean National Environmental Health Survey—the Second Stage (‘12–‘14); Korean National Institute of Environmental Research: Incheon, Korean, 2015. [Google Scholar]

	



Lee, J.H.; Kim, D.; Kim, H.J.; Lee, C.H.; Yang, J.I.; Kim, W.; Kim, Y.J.; Yoon, J.H.; Cho, S.H.; Sung, M.W.; et al. Hepatic steatosis index: A simple screening tool reflecting nonalcoholic fatty liver disease. Dig. Liver Dis. 2010, 42, 503–508. [Google Scholar] [CrossRef] [PubMed]

	



Wormuth, M.; Scheringer, M.; Vollenweider, M.; Hungerbuhler, K. What are the sources of exposure to eight frequently used phthalic acid esters in Europeans? Risk Anal. 2006, 26, 803–824. [Google Scholar] [CrossRef] [PubMed]

	



Loomba, R.; Sanyal, A.J. The global NAFLD epidemic. Nat. Rev. Gastroenterol. Hepatol. 2013, 10, 686–690. [Google Scholar] [CrossRef] [PubMed]

	



Thayer, K.A.; Heindel, J.J.; Bucher, J.R.; Gallo, M.A. Role of environmental chemicals in diabetes and obesity: A National Toxicology Program workshop review. Environ. Health Perspect. 2012, 120, 779–789. [Google Scholar] [CrossRef] [PubMed]

	



An, S.J.; Lee, E.J.; Jeong, S.H.; Hong, Y.P.; Ahn, S.; Yang, Y.J. Perinatal exposure to di-(2-ethylhexyl) phthalate induces hepatic lipid accumulation mediated by diacylglycerol acyltransferase 1. Hum. Exp. Toxicol. 2021, 9603271211003314. [Google Scholar] [CrossRef] [PubMed]

	



Ye, H.; Ha, M.; Yang, M.; Yue, P.; Xie, Z.; Liu, C. Di2-ethylhexyl phthalate disrupts thyroid hormone homeostasis through activating the Ras/Akt/TRHr pathway and inducing hepatic enzymes. Sci. Rep. 2017, 7, 40153. [Google Scholar] [CrossRef] [PubMed]

	



Howarth, J.A.; Price, S.C.; Dobrota, M.; Kentish, P.A.; Hinton, R.H. Effects on male rats of di-(2-ethylhexyl) phthalate and di-n-hexylphthalate administered alone or in combination. Toxicol. Lett. 2001, 121, 35–43. [Google Scholar] [CrossRef]

	



Huang, P.C.; Kuo, P.L.; Guo, Y.L.; Liao, P.C.; Lee, C.C. Associations between urinary phthalate monoesters and thyroid hormones in pregnant women. Hum. Reprod. 2007, 22, 2715–2722. [Google Scholar] [CrossRef] [PubMed]

	



Meeker, J.D.; Calafat, A.M.; Hauser, R. Di(2-ethylhexyl) phthalate metabolites may alter thyroid hormone levels in men. Environ. Health Perspect. 2007, 115, 1029–1034. [Google Scholar] [CrossRef] [PubMed]

	



Park, C.; Choi, W.; Hwang, M.; Lee, Y.; Kim, S.; Yu, S.; Lee, I.; Paek, D.; Choi, K. Associations between urinary phthalate metabolites and bisphenol A levels, and serum thyroid hormones among the Korean adult population—Korean National Environmental Health Survey (KoNEHS) 2012–2014. Sci. Total Environ. 2017, 584–585, 950–957. [Google Scholar] [CrossRef] [PubMed]

	



Wenzel, A.; Franz, C.; Breous, E.; Loos, U. Modulation of iodide uptake by dialkyl phthalate plasticisers in FRTL-5 rat thyroid follicular cells. Mol. Cell. Endocrinol. 2005, 244, 63–71. [Google Scholar] [CrossRef] [PubMed]

	



Lee, E.; Ahn, M.Y.; Kim, H.J.; Kim, I.Y.; Han, S.Y.; Kang, T.S.; Hong, J.H.; Park, K.L.; Lee, B.M.; Kim, H.S. Effect of di(n-butyl) phthalate on testicular oxidative damage and antioxidant enzymes in hyperthyroid rats. Environ. Toxicol. 2007, 22, 245–255. [Google Scholar] [CrossRef] [PubMed]

	



Larsen, R.P. Hypothyroidism and thyroiditis. Williams Textb. Endocrinol. 2003, 12, 423–455. [Google Scholar]

	



He, W.; An, X.; Li, L.; Shao, X.; Li, Q.; Yao, Q.; Zhang, J.A. Relationship between Hypothyroidism and Non-Alcoholic Fatty Liver Disease: A Systematic Review and Meta-analysis. Front. Endocrinol. 2017, 8, 335. [Google Scholar] [CrossRef]

	



Liu, Y.Y.; Brent, G.A. Thyroid hormone crosstalk with nuclear receptor signaling in metabolic regulation. Trends Endocrinol. Metab. 2010, 21, 166–173. [Google Scholar] [CrossRef] [PubMed]

	



Ross, D.S. Serum thyroid-stimulating hormone measurement for assessment of thyroid function and disease. Endocrinol. Metab. Clin. N. Am. 2001, 30, 245–264. [Google Scholar] [CrossRef]








[image: Ijerph 19 03267 g001 550] 





Figure 1. Population in the present study obtained from the second round of the Korean National Environmental Health Survey II (2012–2014). 
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Table 1. General characteristics of the study participants based on the hepatic steatosis index.
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Total

(n = 2308)

	
Non-NAFLD

(n = 1202)

	
NAFLD

(n = 1106)

	
p-Value






	
Age, y

	
43.98 ± 0.53

	
41.60 ± 0.65

	
46.81 ± 0.69

	
<0.001




	
Gender (men, %)

	
49.23 ± 1.33

	
45.14 ± 1.91

	
54.12 ± 1.93

	
0.002




	
BMI (kg/m2)

	
24.19 ± 13.08

	
20.81 ± 0.07

	
28.23 ± 0.11

	
<0.001




	
Drinking Status (%)

	

	

	

	
0.016




	
 Never

	
31.60 ± 1.22

	
28.51 ± 1.50

	
35.29 ± 2.01

	




	
 Former

	
4.04 ± 0.53

	
4.54 ± 0.80

	
3.45 ± 0.65

	




	
 Current

	
64.35 ± 1.27

	
66.94 ± 1.63

	
61.24 ± 2.10

	




	
Smoking Status (%)

	

	

	

	
0.002




	
 Never

	
64.76 ± 1.41

	
67.95 ± 1.84

	
60.95 ± 1.96

	




	
 Former

	
13.70 ± 0.92

	
13.84 ± 1.27

	
13.53 ± 1.31

	




	
 Current

	
21.53 ± 1.26

	
18.20 ± 1.56

	
25.50 ± 1.90

	




	
Physical activity (%)

	

	

	

	
0.280




	
 No

	
64.30 ± 1.40

	
62.72 ± 1.97

	
66.19 ± 1.93

	




	
 Moderate

	
21.05 ± 1.13

	
22.23 ± 1.56

	
19.65 ± 1.67

	




	
 Vigorous

	
14.63 ± 1.01

	
15.04 ± 1.41

	
14.15 ± 1.30

	




	
Monthly household income (%)

	

	

	
0.001




	
 ≤1.5 million KRW

	
21.03 ± 1.58

	
17.62 ± 1.63

	
25.10 ± 2.13

	




	
 1.5–3 million KRW

	
34.54 ± 1.66

	
34.81 ± 2.07

	
34.22 ± 2.19

	




	
 3–4.5 million KRW

	
18.67 ± 1.33

	
19.23 ± 1.75

	
18.00 ± 1.72

	




	
 >4.5 million KRW

	
25.74 ± 1.86

	
28.33 ± 2.25

	
22.66 ± 2.21

	




	
Education (%)

	

	

	

	
<0.001




	
 <Middle school

	
20.37 ± 1.26

	
16.05 ± 1.32

	
25.53 ± 1.83

	




	
 Middle-High school

	
40.65 ± 1.53

	
41.63 ± 1.96

	
39.48 ± 2.10

	




	
 ≥College/University

	
38.97 ± 1.68

	
42.31 ± 2.16

	
34.97 ± 2.20

	




	
Marital status (%)

	

	

	

	
<0.001




	
 Single

	
23.82 ± 1.55

	
30.06 ± 2.14

	
16.36 ± 1.84

	




	
 Married

	
68.07 ± 1.65

	
63.12 ± 2.23

	
73.99 ± 2.04

	




	
 Divorced/Separated

	
8.09 ± 0.80

	
6.80 ± 0.89

	
9.64 ± 1.19

	




	
Comorbidities

	

	

	

	




	
 Hypertension

	
14.19 ± 0.94

	
6.74 ± 0.77

	
23.10 ± 1.65

	
<0.001




	
 Hyperlipidemia

	
7.46 ± 0.67

	
1.32 ± 0.28

	
14.81 ± 1.35

	
<0.001




	
 Diabetes mellitus

	
30.82 ± 1.16

	
15.22 ± 1.27

	
49.47 ± 1.87

	
<0.001








Data was presented as the weighted mean or frequency ± standard errors, as appropriate. NAFLD: nonalcoholic fatty liver disease, BMI: body mass index, KRW: Korean won.
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Table 2. General characteristics of the study participants based on the thyroid function.
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Total

(n = 2308)

	
Euthyroidism

(n = 2125)

	
Subclinical Hypothyroidism

(n = 183)

	
p-Value






	
Age, y

	
43.98 ± 0.53

	
43.59 ± 0.54

	
49.36 ± 1.84

	
0.002




	
Gender (men, %)

	
49.23 ± 1.33

	
50.04 ± 1.37

	
31.58 ± 4.80

	
<0.001




	
BMI (kg/m2)

	
24.19 ± 13.08

	
24.16 ± 0.13

	
24.64 ± 0.40

	
0.240




	
Drinking Status (%)

	

	

	

	
0.009




	
 Never

	
31.60 ± 1.22

	
30.74 ± 1.27

	
43.65 ± 4.92

	




	
 Former

	
4.04 ± 0.53

	
4.06 ± 0.56

	
3.77 ± 1.99

	




	
 Current

	
64.35 ± 1.27

	
65.18 ± 1.31

	
52.56 ± 4.68

	




	
Smoking Status (%)

	

	

	

	
<0.001




	
 Never

	
67.76 ± 1.41

	
63.33 ± 1.48

	
84.84 ± 3.07

	




	
 Former

	
13.70 ± 0.92

	
13.80 ± 0.97

	
12.30 ± 2.91

	




	
 Current

	
21.53 ± 1.26

	
22.85 ± 1.34

	
2.85 ± 1.23

	




	
Physical activity (%)

	

	

	

	
0.540




	
 No

	
64.30 ± 1.40

	
64.47 ± 1.47

	
61.88 ± 4.55

	




	
 Moderate

	
21.05 ± 1.13

	
21.00 ± 1.18

	
21.74 ± 4.20

	




	
 Vigorous

	
14.63 ± 1.01

	
14.51 ± 1.05

	
16.36 ± 3.39

	




	
Monthly household income (%)

	

	

	
0.253




	
 ≤1.5 million KRW

	
21.03 ± 1.58

	
20.73 ± 1.60

	
25.28 ± 3.96

	




	
 1.5–3 million KRW

	
34.54 ± 1.66

	
34.47 ± 1.69

	
35.48 ± 4.65

	




	
 3–4.5 million KRW

	
18.67 ± 1.33

	
18.91 ± 1.36

	
15.20 ± 3.69

	




	
 >4.5 million KRW

	
25.74 ± 1.86

	
25.87 ± 1.90

	
24.01 ± 4.35

	




	
Education (%)

	

	

	

	
0.041




	
 <Middle school

	
20.37 ± 1.26

	
19.77 ± 1.29

	
28.75 ± 4.40

	




	
 Middle-High school

	
40.65 ± 1.53

	
40.71 ± 1.60

	
39.77 ± 4.67

	




	
 ≥College/University

	
38.97 ± 1.68

	
39.50 ± 1.72

	
31.47 ± 5.05

	




	
Marital status (%)

	

	

	

	
0.038




	
 Single

	
23.82 ± 1.55

	
24.55 ± 1.56

	
13.51 ± 5.05

	




	
 Married

	
68.07 ± 1.65

	
67.46 ± 1.66

	
76.65 ± 5.23

	




	
 Divorced/Separated

	
8.09 ± 0.80

	
7.97 ± 0.82

	
9.83 ± 2.61

	




	
Comorbidities

	

	

	

	




	
 Hypertension

	
14.19 ± 0.94

	
13.99 ± 0.99

	
17.12 ± 3.33

	
0.372




	
 Hyperlipidemia

	
7.46 ± 0.67

	
30.57 ± 1.20

	
34.45 ± 4.65

	
0.422




	
 Diabetes mellitus

	
30.82 ± 1.16

	
7.18 ± 0.67

	
11.49 ± 2.80

	
0.121








Data was presented as the weighted mean or frequency ± standard errors, as appropriate. BMI: body mass index, KRW: Korean won.
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Table 3. Prevalence of NAFLD in participants with euthyroidism and with SCH.
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	Euthyroidism

(n = 2125)
	Subclinical Hypothyroidism (n = 183)
	p-Value





	NAFLD
	Actual number
	1007
	99
	0.321



	
	Weighted frequency (95% CI)
	45.23

(42.37–48.11)
	50.19

(40.72–59.63)
	







NAFLD: nonalcoholic fatty liver disease, SCH: Subclinical hypothyroidism, CI: confidence interval.
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Table 4. The average of the urinary phthalate metabolite levels (log transformed, μg/L) in the study population.
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Concentrations (GM [95% CI])

	




	

	
Total

(n = 2308)

	
Non-NAFLD

(n = 1202)

	
NAFLD

(n = 1106)

	
p-Value






	
Euthyroidism (n = 2125)

	

	

	




	
 MEHHP

	
3.02 (2.97–3.06)

	
2.99 (2.92–3.05)

	
3.05 (2.98–3.12)

	
0.070




	
 MEOHP

	
2.66 (2.61–2.71)

	
2.67 (2.61–2.74)

	
2.65 (2.58–2.72)

	
0.957




	
 MECPP

	
3.15 (3.10–3.19)

	
3.14 (3.08–3.20)

	
3.16 (3.10–3.22)

	
0.353




	
 MnBP

	
3.32 (3.26–3.39)

	
3.36 (3.28–3.43)

	
3.28 (3.20–3.37)

	
0.210




	
 MBzP

	
1.13 (1.05–1.21)

	
1.11 (1.02–1.20)

	
1.15 (1.04–1.26)

	
0.209




	
Subclinical hypothyroidism (n = 183)

	

	

	




	
 MEHHP

	
3.10 (2.98–3.23)

	
2.93 (2.74–3.11)

	
3.28 (3.11–3.44)

	
0.001




	
 MEOHP

	
2.76 (2.64–2.89)

	
2.62 (2.44–2.80)

	
2.91 (2.72–3.09)

	
0.028




	
 MECPP

	
3.22 (3.11–3.33)

	
3.11 (2.94–3.27)

	
3.33 (3.18–3.49)

	
0.011




	
 MnBP

	
3.35 (3.22–3.48)

	
3.35 (3.17–3.53)

	
3.35 (3.18–3.52)

	
0.971




	
 MBzP

	
1.02 (0.84–1.20)

	
0.85 (0.59–1.12)

	
1.18 (0.95–1.40)

	
0.037








GM: geometric mean, CI: confidence interval, NAFLD: nonalcoholic fatty liver disease, SCH: subclinical hypothyroidism, MEHHP: mono (2-ehtyl-5-hydroxyhexyl) phthalate, MEOHP: mono (2-ethyl-5-oxohexyl) phthalate, MECPP: mono (2-ethyl-5-carboxypentyl) phthalate, MnBP: mono-n-butyl phthalate, MBzP: mono-benzyl phthalate. Euthyroidism was defined as 0.45–4.5-mIU/L TSH and normal T4 (5.0–12.5 mIU/L) in the serum. Subclinical hypothyroidism was defined as 4.5–10-mIU/L TSH and normal T4 in the serum.
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Table 5. The association between urinary phthalate metabolites and NAFLD after being classified into participants with euthyroidism and with SCH.
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Euthyroidism (n = 2125)

	
Subclinical Hypothyroidism (n = 183)




	
Crude Analysis

	
Multivariate Analysis

	
Crude Analysis

	
Multivariate Analysis




	
OR (95% CI)

	
p for Trend

	
OR (95% CI)

	
p for Trend

	
OR (95% CI)

	
p for Trend

	
OR (95% CI)

	
p for Trend






	
MEHHP

	

	

	

	

	

	

	

	




	
 Quartile 1

	
1

	
0.072

	
1

	
0.841

	
1

	
0.003

	
1

	
0.006




	
 Quartile 2

	
1.19 (0.87–1.64)

	

	
1.09 (0.74–1.06)

	

	
1.00 (0.34–2.96)

	

	
2.18 (0.59–8.02)

	




	
 Quartile 3

	
1.37 (1.02–1.85)

	

	
1.21 (0.81–1.80)

	

	
2.78 (0.90–8.52)

	

	
3.22 (0.68–15.13)

	




	
 Quartile 4

	
1.31 (0.93–1.83)

	

	
1.01 (0.65–1.56)

	

	
3.87 (1.40–10.70)

	

	
13.59 (2.13–86.44)

	




	
MEOHP

	

	

	

	

	

	

	

	




	
 Quartile 1

	
1

	
0.956

	
1

	
0.097

	
1

	
0.038

	
1

	
0.033




	
 Quartile 2

	
0.94 (0.69–1.29)

	

	
0.77 (0.53–1.10)

	

	
0.89 (0.28–2.85)

	

	
1.46 (0.34–6.20)

	




	
 Quartile 3

	
1.08 (0.78–1.49)

	

	
0.76 (0.50–1.16)

	

	
1.90 (0.63–5.72)

	

	
1.72 (0.41–7.15)

	




	
 Quartile 4

	
0.96 (0.69–1.34)

	

	
0.66 (0.41–1.04)

	

	
2.55 (0.91–7.10)

	

	
8.55 (1.20–60.53)

	




	
MECPP

	

	

	

	

	

	

	

	




	
 Quartile 1

	
1

	
0.360

	
1

	
0.421

	
1

	
0.020

	
1

	
0.024




	
 Quartile 2

	
0.94 (0.69–1.27)

	

	
0.72 (0.51–1.01)

	

	
1.18 (0.36–3.80)

	

	
2.57 (0.76–8.60)

	




	
 Quartile 3

	
1.22 (0.91–1.62)

	

	
0.86 (0.58–1.29)

	

	
1.76 (0.56–5.54)

	

	
1.38 (0.30–6.22)

	




	
 Quartile 4

	
1.07 (0.77–1.49)

	

	
0.77 (0.50–1.19)

	

	
3.29 (1.19–9.08)

	

	
9.06 (1.78–45.96)

	




	
MnBP

	

	

	

	

	

	

	

	




	
 Quartile 1

	
1

	
0.209

	
1

	
0.032

	
1

	
0.914

	
1

	
0.930




	
 Quartile 2

	
0.98 (0.71–1.36)

	

	
0.86 (0.59–1.26)

	

	
1.78 (0.58–5.48)

	

	
1.01 (0.25–4.11)

	




	
 Quartile 3

	
0.85 (0.62–1.15)

	

	
0.64 (0.40–1.00)

	

	
0.75 (0.25–2.28)

	

	
0.68 (0.16–2.88)

	




	
 Quartile 4

	
0.84 (0.60–1.16)

	

	
0.60 (0.35–1.01)

	

	
1.41 (0.48–4.09)

	

	
1.06 (0.22–5.08)

	




	
MBzP

	

	

	

	

	

	

	

	




	
 Quartile 1

	
1

	
0.210

	
1

	
0.840

	
1

	
0.043

	
1

	
0.009




	
 Quartile 2

	
1.19 (0.87–1.64)

	

	
1.15 (0.79–1.67)

	

	
1.97 (0.68–5.67)

	

	
2.37 (0.58–9.55)

	




	
 Quartile 3

	
1.14 (0.84–1.56)

	

	
1.14 (0.77–1.69)

	

	
1.84 (0.61–5.51)

	

	
2.14 (0.66–6.90)

	




	
 Quartile 4

	
1.23 (0.92–1.63)

	

	
1.04 (0.70–1.56)

	

	
3.23 (1.08–9.68)

	

	
6.05 (1.62–22.54)

	








OR: Odds ratio; CI: Confidence interval; Q: Quartile; MEHHP: mono (2-ehtyl-5-hydroxyhexyl) phthalate; MEOHP: mono (2-ethyl-5-oxohexyl) phthalate; MECPP: mono (2-ethyl-5-carboxypentyl) phthalate; MnBP: mono-n-butyl phthalate; MBzP: mono-benzyl phthalate. Multivariate model was adjusted for age, gender, creatinine, smoking, drinking, exercise, marital status, education, income, hypertension, diabetes mellitus, and hyperlipidemia. Normal thyroid function was defined as 0.45–4.5-mIU/L serum thyroid-stimulating hormone (TSH) and normal serum thyroxine (T4) (5.0–12.5 mIU/L). Subclinical hypothyroidism was defined as 4.5–10-mIU/L serum TSH and normal serum T4.
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