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Abstract

:

Triclosan was introduced into the market in the 1970s and has since been used as an antimicrobial agent in a diverse array of consumer and personal care products. Although it has been widely used over a number of years, there is growing concern and debate over its safety and efficacy and its potential as an endocrine disruptor. Although prior animal toxicology studies have shown an association between triclosan and decreased testosterone levels, human studies have been limited, particularly for adult men. Using the National Health and Nutrition Examination Survey data (NHANES, 2011–2012), we examined the association of urinary triclosan on testosterone levels in adult men 18–65 years of age. Multivariable linear regression analysis failed to show an association between triclosan and serum testosterone (β = 0.0003, p = 0.98, 95% CI = −0.024, 0.025). The results suggest there is no association or that triclosan concentrations are too low to cause a significant impact on testosterone levels. Additionally, longitudinal studies would provide a more comprehensive understanding of the direction of change and magnitude of causal relationships over time.
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1. Introduction


Triclosan is a broad-spectrum antimicrobial agent found in many personal care and household products [1]. The ubiquitous use and potential bioaccumulation of triclosan have led to detectable levels in aquatic ecosystems as well as in human tissues and fluids [2]. As a result, concerns and debate over its potential as an endocrine disruptor and impact on human health continue to grow. Various studies have been conducted on the impact of environmental chemical exposure on the male reproductive system. Several of these studies have shown significant associations with endocrine disruptors such as polycyclic aromatic hydrocarbons and phthalates, and decreases in testosterone levels and semen quality [3,4,5,6]. In humans, long-term exposure to endocrine-disrupting chemicals has been shown to have harmful effects on reproductive health by interfering with the development and function of sex hormones [7,8]. Studies on animals have shown similar results. In rat models, exposure to triclosan has led to the disruption of the biosynthesis of testosterone levels [9,10,11]. In addition to being an important male sex hormone, testosterone plays an important roles in health and disease pathology. In humans, low testosterone levels are associated with an increased risk of mortality from all causes [12]. Even slight disruptions in circulating levels of testosterone can adversely impact human health [13] and can be a risk factor for common medical conditions such as metabolic syndrome, obesity, diabetes, hypertension, and atherosclerosis [14,15]. Low testosterone levels have also been associated with depression [16]. Analyzing data from the 2011–2012 National Health and Nutrition Examination Survey (NHANES), we recently reported no association between triclosan levels and white blood cell counts [17]. To broaden our understanding of triclosan, with this current study, we aimed to assess the potential health risks of triclosan and its hormone-disrupting potential, particularly on serum testosterone levels in human adult males. Although several studies [3,7,8] on the effects of triclosan and serum testosterone levels have shown adverse impacts on reproductive health, one study on children and adolescents aged 6–19 years examined the association of several endocrine-disrupting compounds and their anti-androgenic effects but found little association between triclosan and testosterone levels [18]. Based on the evidence of previous research findings, we hypothesized that triclosan is associated with decreased serum testosterone levels in adult men.




2. Materials and Methods


2.1. Sample Selection


To evaluate the association between triclosan and total testosterone levels in U.S. adult men aged 18–65 years, laboratory and survey data from NHANES 2011–2012 were examined. The NHANES is an annual cross-sectional survey using interviews, examinations, and laboratory data to assess the health and nutritional status of the general, non-institutionalized U.S. population. Its data are used to estimate the prevalence of select diseases and health risk factors. The presence of triclosan in urine is indicative of absorption and systemic exposure [19]. Because triclosan is mainly excreted in urine [20], we examined urinary triclosan concentrations. For concentrations below the level of detection, NHANES imputes triclosan values equal to the detection limit divided by the square root of 2. Total testosterone was measured in serum. The validity, reliability, and quality control of laboratory data are detailed in the NHANES Laboratory Procedure Manual [21]. For this study, the 18–65-year age group was chosen because testosterone levels vary by age. Children younger than 10 years have low testosterone levels, which increase between 10 and 15 years with the onset of puberty [22]. Total testosterone peaks at an average age of 19 years [23]. As men age, testosterone levels decline, particularly in older men above 65 years [24]. Therefore, to limit the confounding effects of age, we restricted the study to men between 18 and 65 years.



To improve the reliability of the health and nutrition estimates, the NHANES study oversampled the subpopulations of Hispanic and non-Hispanic Black participants. Oversampling of non-Hispanic Asian participants occurred during the 2011–2012 wave. Among the 9756 (weighted N = 306,590,681) individuals who participated in the 2011–2012 survey, data on the urinary biomarkers of triclosan exposure were collected on a subsample of 2594 participants (weighted N = 282,460,101). All analyses were conducted on this subsample. We first restricted our study sample to men aged 18–65 years (n = 764). Participants with missing data (including “refused” or “don’t know” responses) for variables used in the multivariable model were excluded (n = 156). The final sample for this study consisted of 608 survey participants (weighted N = 80,795,632). Of the 156 who were excluded from the study because of missing observations, 9 had non-positive weights. The 156 respondents did not differ from the remaining 608 in triclosan levels, age, and creatinine levels (all p > 0.05). The percentage distribution between participants and non-participants was relatively similar for smoking (26.8% vs. 24.5% respectively, p = 0.59). The participant group had a larger proportion of high-income Whites than the non-participant group (income (low: 19.0% vs. 21.6%, medium: 37.5% vs. 23.5%, high: 43.5% vs. 11.3%), p < 0.05; race categories (White: 67.0% vs. 46.3%; Mexican-American/Hispanic/Other: 18.9% vs. 22.7%, Black: 9.6% vs. 21.4%, Asian: 4.5% vs. 9.6%,), p < 0.05). Compared with the 156 non-participants who were excluded, the means among the 608 with complete data on predictors were statistically significantly higher for serum testosterone (415.1.5 ng/dL vs. 178.9 ng/dL, p < 0.0001) and body mass index (BMI) (28.7 kg/m2 vs. 26.4 kg/m2, p < 0.02). Figure 1 shows the process of selecting the study sample for analysis.




2.2. Confounding Measures


The selection of covariates to control for as confounders was determined through a review of the existing literature. Triclosan exposure has been shown to vary by race, BMI, family income [25,26,27], and creatinine levels [28,29]. Triclosan concentrations have also been associated with lifestyle factors such as cigarette smoking [25,30,31]. It is suggested that certain lifestyle factors and choice of personal care products affect varying levels of triclosan exposure. For this study, race was categorized as: Black, White, Asian, and Mexican-American/Hispanic/Other, with the last category combined due to smaller numbers. Because the categorization of BMI can bias results and lead to loss of information [32,33,34], BMI was investigated as a continuous variable. Annual household income was stratified as “low income” (<25th percentie), “middle income” (25th–75th percentile), and “high income” (>75th percentile). To reduce the potential for recall and/or self-reporting biases, smoking status was based on urinary cotinine as a biochemical marker of tobacco smoke exposure. Survey respondents were biochemically classified as smokers or non-smokers based on the thresholds outlined by the Centers for Disease Control and Prevention (CDC) (2013) guidelines [35] where serum cotinine levels were either lower than 10 ng/mL (non-smoker) or 10 ng/mL or greater (smoker). Although the use of binary thresholds for serum cotinine levels cannot definitively discriminate between smokers and non-smokers, one study [36] reported the optimal cutoff for serum cotinine levels of 10 ng/mL is generally accepted. Because the predominant route of triclosan excretion is via urine, differences in the dilution of urine can affect the concentration of triclosan. Additionally, urine flow rate can strongly vary over time, as well as within and among individuals [37]. Creatinine excretion in urine, however, occurs at a less variable rate than the rate of urinary flow. Therefore, creatinine levels (mg/dL) were adjusted as an independent variable to correct for differences in urinary concentrations of triclosan. Table 1 details the description of the variables used in this study.





3. Statistical Analysis


The normal distribution of continuous variables was evaluated by visually interpreting the normality plot and by assessing the skewness and kurtosis values. Variables with skewness or kurtosis values that deviated from the acceptable range of –1 to 1 for a normal distribution were log-transformed to approximate normality. All continuous variables required log-transformation, which was applied prior to regression analyses. The estimated association between serum testosterone and triclosan levels was performed using multiple linear regression. Appropriate confounders for the regression model were identified based on the change-in-estimate criterion, in which controlling for a covariate alters the regression coefficient for the unadjusted univariate model by more than 10% [38]. Potential multicollinearity among the predictor variables was assessed by examining the variance inflation factors (VIF) and tolerance (the inverse of VIF) diagnostic statistics. Although there is no formal VIF value for detecting multicollinearity, values of VIF 10 or above and tolerance below 0.1 are often indicative of multicollinearity [39]. The potential for bias arising from missing data between the participants of the study with complete observations and those excluded from the study because of missing values was assessed using t-tests for continuous variables; categorical variables between these two groups are presented as weighted percentages and compared using the Rao–Scott adjusted chi-square test [40,41]. As recommended by the National Center for Health Statistics (NCHS) [42], all analyses for this study used appropriate weights to account for the complex sampling design in the NHANES data to ensure that the calculated estimates reflected a nationally representative sample of the U.S. population. Analyses were conducted using SAS Enterprise Guide 6.1 (Cary, NC, USA) with the statistical significance level set at α = 0.05.




4. Results


Table 2 shows the weighted mean serum testosterone and triclosan levels for the final 608 study participants. The weighted mean age of the participants in the study was approximately 41 years, with a BMI of 28.7 kg/m2. Mean triclosan levels were found to be highest among those of Mexican-American/Hispanic/Other race (mean = 162.0 ng/dL, standard deviation (SE) = 36.8 ng/dL, p < 0.0004), those in the high-income category (mean = 135.8 ng/dL, SE = 47.1 ng/dL, p < 0.0104), and those classified as non-smokers (mean = 137.0 ng/dL, SE = 36.1 ng/dL, p < 0.0015). Weighted mean serum total testosterone levels did not differ across race, income category, or smoking status. The results showed that the overall multivariable regression model significantly predicted serum testosterone levels and indicated that the predictors used in the model explained ~16% of the variance in serum testosterone levels (R2 = 0.163, F(6, 17) = 17.1, p < 0.0001). Body mass index was the only predictor found to be significant (β = –0.868, t = –5.99, p < 0.0001); see Table 3.



Statistically significant confounders included BMI, smoking, and income category. Creatinine was adjusted for as a covariate in the regression model to account for urinary dilution [28]. Race and age were not significant confounders in the bivariate model. Tolerance and VIF values did not provide evidence of multicollinearity among the predictor variables (VIF 1.04–1.09; tolerance all > 0.1).



Our study did not find evidence of an association between triclosan and male serum testosterone levels (β = 0.0003, p = 0.98, 95% CI = −0.024, 0.025).




5. Discussion


Using a nationally representative sample of the U.S. population, we did not find a statistically significant association between total serum testosterone and urinary triclosan levels in adult men. Contrary to previous research on animals, the results from our study do not corroborate animal toxicology findings that suggest a downregulation in testicular testosterone levels in rats treated with dose-dependent triclosan levels [9,10,11]. Additionally, a cross-sectional study of children and adolescents [18] found an inverse association between triclosan and serum testosterone levels, although statistical significance was not consistent across children or adolescents of either sex. Our results may indicate that correlations do not occur or that urinary triclosan concentrations may be too low to have an acute impact on testosterone levels. Nonetheless, a larger and statistically significant relationship may emerge after longer use of or higher-dose exposure to products containing triclosan. Although this current study did not provide evidence of an association, prior studies are consistent with the current biological understanding of triclosan’s adverse effect on serum testosterone levels, suggesting the biological plausibility of a role for triclosan as a potential androgen-disrupting chemical.



The present study has several limitations. The analysis has potential for selection bias, as the decision to participate in the NHANES survey may reflect underlying differences in the respondents. Possible bias from exclusion of participants from analysis due to survey non-response and missing values for some variables also exists. Additionally, the cross-sectional nature of this study restricts interpretations of causality between triclosan and testosterone. Reverse causation cannot be ruled out as a potential explanation of the findings, as the amount of triclosan found in the urine may be the effect, not the cause, of variation in testosterone levels. Finally, data for factors such as stress levels, time of day when the serum testosterone levels were taken, or the temporal proximity of sexual activity were not available but may potentially have had some level of impact on the association between triclosan and testosterone [43,44,45].



Despite the limitations, one of the strengths of this study is the rigorous quality assurance and controlled measures in the NHANES data. Measurement bias was also reduced, as urinary concentrations of triclosan and serum testosterone levels were based on validated laboratory methods. Future efforts could include longitudinal study designs to further explore the associations and determine whether triclosan exposure can alter testosterone levels in adult human men. Potential confounders to consider could also include dietary habits, various other hormone levels, medications used, alcohol consumption, and history of exposure to certain chemicals or heavy metals such as mercury or lead.




6. Conclusions


After decades of triclosan being in the consumer market, the U.S. Food and Drug Administration (FDA) issued a final rule in September 2016 banning 19 antimicrobial agents, including triclosan, in many commonly used consumer antiseptic wash products [46]. The final rule, however, is limited. It only applies to hand and body soaps, whereas triclosan-containing products used in institutional settings such as hospitals and food preparation areas are exempt. Scientists and researchers have raised concerns about the widespread use of antimicrobial agents and have called for stricter regulations worldwide. The Florence Statement on Triclosan and Triclocarban (2017) [47], a consensus statement of over 200 signatories from 29 countries with expertise on the health and environmental impacts and efficacy of antimicrobials, documented the hazards and lack of health benefits associated with the use of triclosan, triclocarban, and other antimicrobials. In light of the research on the adverse effects of triclosan, some manufacturers such as Procter & Gamble, Johnson & Johnson, and Avon have voluntarily removed triclosan from their products. However, triclosan can currently still be found in products unregulated by the FDA such as plastics and textile products including toys, clothing, kitchenware, and furniture [48,49]. Considering the potential harm triclosan is known to cause to human and animal health, continual surveillance in longitudinal studies is a prudent approach to capture any possible long-term impacts of triclosan exposure on hormone levels, including testosterone, in the human body.







Author Contributions


Conceptualization: J.Y., M.A.J., and L.A.G.; methodology: J.Y., M.A.J., and S.A.R.; formal analysis: J.Y., M.A.J., and S.A.R.; data curation: J.Y. and S.A.R.; writing-original draft preparation: J.Y., M.A.J., and L.A.G.; writing-review and editing: J.Y., M.A.J., and S.A.R.; project administration: L.A.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Cooney, C. Personal care products: Triclosan comes under scrutiny. Environ. Health Perspect. 2010, 118, A242. [Google Scholar] [CrossRef] [PubMed]

	



Dann, A.B.; Hontela, A. Triclosan: Environmental exposure, toxicity and mechanisms of action. J. Appl. Toxicol. 2011, 31, 285–311. [Google Scholar] [CrossRef] [PubMed]

	



Wang, L.; Hu, W.; Xia, Y.; Wang, X. Associations between urinary polycyclic aromatic hydrocarbon metabolites and serum testosterone in US adult males: National Health and nutrition examination survey 2011–2012. Environ. Sci. Pollut. Res. 2017, 24, 7707–7716. [Google Scholar] [CrossRef]

	



Jurewicz, J.; Radwan, M.; Sobala, W.; Brzeznicki, S.; Ligocka, D.; Radwan, P.; Bochenek, M.; Hanke, W. Association between a biomarker of exposure to polycyclic aromatic hydrocarbons and semen quality. Int. J. Occup. Med. Environ. Health 2013, 26, 790–801. [Google Scholar] [CrossRef]

	



Han, X.; Zhou, N.; Cui, Z.; Ma, M.; Li, L.; Cai, M.; Li, Y.; Lin, H.; Li, Y.; Ao, L.; et al. Association between urinary polycyclic aromatic hydrocarbon metabolites and sperm DNA damage: A population study in Chongqing, China. Environ. Health Perspect. 2011, 119, 652–657. [Google Scholar] [CrossRef]

	



Fisher, J.S. Environmental anti-androgens and male reproductive health: Focus on phthalates and testicular dysgenesis syndrome. Reproduction 2004, 127, 305–315. [Google Scholar] [CrossRef]

	



Jurewicz, J.; Radwan, M.; Wielgomas, B.; Kałużny, P.; Klimowska, A.; Radwan, P.; Hanke, W. Environmental levels of triclosan and male fertility. Environ. Sci. Pollut. Res. Int. 2018, 25, 5484–5490. [Google Scholar] [CrossRef] [PubMed]

	



Rehman, S.; Usman, Z.; Rehman, S.; Aldraihem, M.; Rehman, N.; Rehman, I.; Ahmad, G. Endocrine disrupting chemicals and impact on male reproductive health. Transl. Androl. Urol. 2018, 7, 490–503. [Google Scholar] [CrossRef]

	



Kumar, V.; Balomajumder, C.; Roy, P. Disruption of LH-induced testosterone biosynthesis in testicular leydig cells by triclosan: Probable mechanism of action. Toxicology 2008, 250, 124–131. [Google Scholar] [CrossRef]

	



Kumar, V.; Chakraborty, A.; Kural, M.R.; Roy, P. Alteration of testicular steroidogenesis and histopathology of reproductive system in male rats treated with triclosan. Reprod. Toxicol. 2009, 27, 177–185. [Google Scholar] [CrossRef]

	



Zorrilla, L.M.; Gibson, E.K.; Jeffay, S.C.; Crofton, K.M.; Setzer, W.R.; Cooper, R.L.; Stoker, T.E. The effects of triclosan on puberty and thyroid hormones in male wistar rats. Toxicol. Sci. 2009, 107, 56–64. [Google Scholar] [CrossRef] [PubMed]

	



Haring, R.; Volzke, H.; Steveling, A.; Krebs, A.; Felix, S.B.; Schoft, C.; Dorr, M.; Nauck, M.; Wallaschofski, H. Low serum testosterone levels are associated with increased risk of mortality in a population-based cohort of men aged 20–79. Eur. Heart J. 2010, 31, 1494–1501. [Google Scholar] [CrossRef] [PubMed]

	



Lewis, R.C.; Johns, L.E.; Meeker, J.D. Serum biomarkers of exposure to perfluoroalkyl substances in relation to serum testosterone and measures of thyroid function among adults and adolescents from NHANES 2011–2012. Int. J. Environ. Res. Public Health 2015, 12, 6098–6114. [Google Scholar] [CrossRef] [PubMed]

	



Traish, A.M.; Kypreos, K.E. Testosterone and cardiovascular disease: An old idea with modern clinical implications. Atherosclerosis 2010, 201, 244–248. [Google Scholar] [CrossRef]

	



Malkin, C.J.; Pugh, P.J.; Morris, P.D.; Asif, S.; Jones, T.H.; Channer, K.S. Low serum testosterone and increased mortality in men with coronary heart disease. Heart 2010, 96, 1821–1825. [Google Scholar] [CrossRef]

	



Almeida, O.P.; Yeap, B.B.; Hankey, G.J.; Jamrozik, K.; Flicker, L. Low free testosterone concentration as a potentially treatable cause of depressive symptoms in older men. Arch. Gen. Psychiatry 2008, 65, 283–289. [Google Scholar] [CrossRef]

	



Yan, J.; Joseph, M.A.; Reynolds, S.A.; Veenema, R.J.; Geer, L.A. Association between triclosan levels and white blood cell counts in US adults from NHANES, 2011–2012. Environ. Res. Commun. 2020, 2, 055001. [Google Scholar] [CrossRef]

	



Scinicariello, F.; Buser, M.C. Serum testosterone concentrations and urinary bisphenol A, benzophenon-3, triclosan, and paraben levels in male and female children and adolescents: NHANES 2011–2012. Environ. Health Perspect. 2016, 124, 1898–1904. [Google Scholar] [CrossRef]

	



Adgent, M.A.; Rogan, W.J. Triclosan and prescription antibiotic exposures and enterolactone production in adults. Environ. Res. 2015, 142, 66–71. [Google Scholar] [CrossRef]

	



Fang, J.L.; Stingley, R.L.; Beland, F.A.; Harrouk, W.; Lumpkins, D.L.; Howard, P. Occurrence, efficacy, metabolism, and toxicity of triclosan. J. Environ. Sci. Health Part C 2010, 28, 147–171. [Google Scholar] [CrossRef]

	



National Health and Nutrition Examination Survey (NHANES). Laboratory Procedure Manual. Available online: https://www.cdc.gov/nchs/data/nhanes/nhanes_11_12/2011-12_laboratory_procedures_manual.pdf (accessed on 31 July 2018).

	



Khairullah, A.; Klein, L.C.; Ingle, S.M.; May, M.T.; Whetzel, C.A.; Susman, E.J.; Paus, T. Testostrone trajectories and reference ranges in a large longitudinal sample of male adolescents. PLoS ONE 2014, 9, e108838. [Google Scholar] [CrossRef] [PubMed]

	



Kelsey, T.W.; Li, L.Q.; Mitchell, R.T.; Whelan, A.; Anderson, R.A.; Wallace, W.H. A validated age-related normative model for male total testosterone shows increasing variance but no decline after age 40 years. PLoS ONE 2015, 10, e0117674. [Google Scholar] [CrossRef] [PubMed]

	



Yeap, B.B. Are declining testosterone levels a major risk factor for ill-health in aging men? Int. J. Impot. Res. 2009, 21, 24–36. [Google Scholar] [CrossRef] [PubMed]

	



Juric, A.; Singh, K.; Hu, X.F.; Chan, H.M. Exposure to triclosan among the Canadian population: Results of the Canadian health measures survey (2009–2013). Environ. Int. 2019, 123, 29–38. [Google Scholar] [CrossRef]

	



Mortensen, M.D.; Calafat, A.M.; Ye, X.; Wong, L.Y.; Wright, D.J.; Pirkle, J.L.; Merrill, L.S.; Moye, J. Urinary concentrations of environmental phenols in pregnant women in a pilot study of the national children’s study. Environ. Res. 2014, 123, 32–38. [Google Scholar] [CrossRef] [PubMed]

	



Lankester, J.; Patel, C.; Cullen, M.R.; Ley, C.; Parsonnet, J. Urinary triclosan is associated with elevated body mass index in NHANES. PLoS ONE 2013, 8, e80057. [Google Scholar] [CrossRef] [PubMed]

	



Barr, D.B.; Wilder, L.C.; Caudill, S.P.; Gonzalez, A.J.; Needham, L.L.; Pirkle, J.L. Urinary creatinine concentrations in the U.S. population: Implications for urinary biologic monitoring measurements. Environ. Health Perspect. 2005, 113, 192–200. [Google Scholar] [CrossRef] [PubMed]

	



MacIsaac, J.K.; Gerona, R.R.; Blanc, P.D.; Apatira, L.; Friesen, M.W.; Coppolino, M.; Janssen, S. Healthcare workers exposure to triclosan. J. Occup. Environ. Med. 2014, 56, 834–839. [Google Scholar] [CrossRef]

	



Jain, R.B. Impact of pregnancy and other factors including smoking on the urinary levels of triclosan. Toxicol. Environ. Chem. 2015, 97, 1276–1287. [Google Scholar] [CrossRef]

	



Kim, K.; Park, H.; Yang, W.; Lee, J.H. Urinary concentrations of bisphenol A and triclosan and associations with demographic factors in the Korean population. Environ. Res. 2011, 111, 1280–1285. [Google Scholar] [CrossRef]

	



Flegal, K.M.; Kit, B.K.; Graubard, B.I. Body mass index categories in observational studies of weight and risk of death. Am. J. Epidemiol. 2014, 180, 288–296. [Google Scholar] [CrossRef] [PubMed]

	



Filardo, G.; Hamilton, C.; Hamman, B.; Ng, H.K.T.; Grayburn, P. Categorizing BMI may lead to biased results in studies investigating in-hospital mortality after isolated CABG. J. Clin. Epidemiol. 2007, 60, 1132–1139. [Google Scholar] [CrossRef] [PubMed]

	



Preston, S.H.; Fishman, E.; Stokes, A. Effects of categorization and self-report bias on estimates of the association between obesity and mortality. Ann. Epidemiol. 2015, 25, 907.e2–911.e2. [Google Scholar] [CrossRef] [PubMed]

	



CDC (Center for Disease Control and Prevention). Biomonitoring Summary: Cotinine. CAS No.486-56-6. 2013. Available online: https://www.cdc.gov/biomonitoring/Cotinine_BiomonitoringSummary.html (accessed on 7 August 2018).

	



Duque, A.; Martinez, P.; Giraldo, A.; Gualtero, D.F.; Ardila, C.M.; Contreras, A.; Duarte, S.; Lafaurie, G. Accuracy of cotinine serum test to detect the smoking habit and its association with periodontal disease in a multicenter study. Med. Oral Patol. Oral Cir. Bucal 2017, 22, 3525–3531. [Google Scholar] [CrossRef] [PubMed]

	



Hays, S.M.; Aylward, L.L.; Blount, B.D. Variations in urinary flow rates according to demographic characteristics and body mass index in NHANES: Potential confounding of associations between health outcomes and urinary biomarker concentrations. Environ. Health Perspect. 2015, 123, 293–300. [Google Scholar] [CrossRef] [PubMed]

	



Maldonado, G.; Greenland, S. Simulation study of confounder-selection strategies. Am. J. Epidemiol. 1993, 138, 923–936. [Google Scholar] [CrossRef]

	



Miles, J. Tolerance and variance inflation factor. In Encyclopedia of Statistics in Behavioral Science; Everitt, B.S., Howell, D., Eds.; John Wiley: Chichester, UK, 2005; pp. 2055–2056. [Google Scholar]

	



Rao, J.N.K.; Scott, A.J. The analysis of categorical data from complex sample surveys: Chi-squared tests for goodness-of-fit and independence in two-way tables. J. Am. Stat. Assoc. 1981, 76, 221–230. [Google Scholar] [CrossRef]

	



Rao, J.N.K.; Scott, A.J. On chi-squared tests for multi-way tables with cell proportions estimated from survey data. Ann. Stat. 1994, 12, 46–60. [Google Scholar] [CrossRef]

	



National Center for Health Statistics. Module 3: Weighting. Available online: https://wwwn.cdc.gov/nchs/nhanes/tutorials/module3.aspx (accessed on 7 August 2018).

	



Choi, J.C.; Chung, M.; Lee, Y. Modulation of pain sensation by stress-related testosterone and cortisol. Anaesthesia 2012, 67, 1146–1151. [Google Scholar] [CrossRef]

	



Matsumoto, A.M.; Bremner, W.J. Serum testosterone assays—Accuracy matters. J. Clin. Endocrinol. Metab. 2004, 89, 520–524. [Google Scholar] [CrossRef]

	



Sakaguchi, K.; Oki, M.; Honma, S.; Uehara, H.; Hasegawa, T. The lower salivary testosterone levels among unmarried and married sexually active men. J. Ethol. 2007, 25, 223–229. [Google Scholar] [CrossRef]

	



FDA (U.S. Food and Drug Administration). 21 CFR Part 310: Safety and Effectiveness of Consumer Antiseptics; Topical Antimicrobial Drug Products for Over-the-Counter Human Use. Final Rule. Fed. Regist. 2016, 81, 61106–61130. [Google Scholar]

	



Halden, R.U.; Lindeman, A.E.; Aiello, A.E.; Andrews, D.; Arnold, W.A.; Fair, P.; Fuoco, R.E.; Geer, L.A.; Johnson, P.I.; Lohmann, R.; et al. The Florence statement on triclosan and triclocarban. Environ. Health Perspect. 2017, 125, 064501. [Google Scholar] [CrossRef] [PubMed]

	



EPA (Environmental Protection Agency). 21 July 2017. Available online: https://www.epa.gov/ingredients-used-pesticide-products/triclosan (accessed on 30 September 2018).

	



U.S. Food & Drug Administration. Consumer Updates—5 Things to Know About Triclosan. 2017. Available online: https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm205999.htm (accessed on 31 July 2018).








[image: Ijerph 17 07412 g001 550] 





Figure 1. Selection of study sample. NHANES, National Health and Nutrition Examination Survey. 
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Table 1. Description of study variables.
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Category of

Variable

	
Variable Name

	
Type of Variable

	
Description






	
Response variable

	
Total serum testosterone (ng/dL)

	
Continuous

	
Lab values




	
Main predictor variable

	
Urinary triclosan (ng/mL)

	
Continuous

	
Lab values




	
Covariates

	
Race

	
Categorical

	
Black, White (reference), Asian, Mexican-American/Hispanic/Other




	
Body mass index (kg/m2)

	
Continuous

	
Lab values




	
Annual income

	
Categorical

	
Low income (≤ 25th percentile),




	
Middle income (25th–75th percentile)




	
High income (≥ 75th percentile)




	
Cotinine levels (ng/mL) (as a proxy for smoking status)

	
Binary

	
Non-smoker (lower than 10 ng/mL)




	
Smoker (10 ng/mL or greater)




	
Creatinine levels (mg/dL)

	
Continuous

	
Lab values
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Table 2. Weighted mean levels [standard deviation (SE)] of urinary triclosan and total Serum testosterone by potential confounders.
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Weighted Mean (SE)




	
Independent Variables

	
Categories

	
Unweighted N (%)

	
Weighted N (%)

	
Mean

	
p

	
Urinary Triclosan, ng/mL

	
p

	
Total Serum Testosterone, ng/dL

	
p




	
Age, years

	
N/A

	
608

	

	
40.7 (0.96)

	
<0.0001

	
112.0 (24.7)

	

	
415.1 (12.5)

	




	
BMI, kg/m2

	
80,795,632

	
28.7 (0.36)

	
<0.0001

	
0.0003

	
<0.0001




	
Creatinine, mg/dL

	

	
137.6 (5.55)

	
<0.0001

	

	




	
Race

	




	

	
Mexican-American/Hispanic/Other

	
149 (24.5%)

	
15,215,210 (18.8%)

	

	

	
162.0 (36.8)

	
0.0004

	
413.6 (11.2)

	
<0.0001




	

	
Black

	
154 (25.3%)

	
7,781,869 (9.6%)

	

	

	
49.4 (11.3)

	
0.0004

	
417.4 (17.8)

	
<0.0001




	

	
Asian

	
93 (15.3%)

	
3,659,140 (4.5%)

	

	

	
79.5 (35.8)

	
0.0404

	
406.1 (16.4)

	
<0.0001




	

	
White

	
212 (34.9%)

	
54,139,413 (67.0%)

	

	

	
109.1 (35.9)

	
0.0074

	
415.7 (17.2)

	
<0.0001




	
Income

	




	

	
Low

	
176 (29.0%)

	
15,354,875 (19.0%)

	

	

	
53.8 (18.2)

	
0.0089

	
421.0 (12.7)

	
<0.0001




	

	
Middle

	
232 (38.2%)

	
30,292,907 (37.5%)

	

	

	
113.7 (29.2)

	
0.0012

	
433.6 (23.2)

	
<0.0001




	

	
High

	
200 (32.9%)

	
35,147,851 (43.5%)

	

	

	
135.8 (47.1)

	
0.0104

	
396.5 (18.0)

	
<0.0001




	
Smoking status

	




	

	
Smoker

	
170 (25.0%)

	
21,638,149 (26.8%)

	

	

	
43.5 (10.5)

	
0.0007

	
432.9 (11.6)

	
<0.0001




	

	
Non-smoker

	
438 (72.0%)

	
59,157,484 (73.2%)

	

	

	
137.0 (36.1)

	
0.0015

	
408.5 (16.2)

	
<0.0001
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Table 3. Regression analysis for urinary triclosan and total serum testosterone levels, adjusted for significant covariates.
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Independent Variables

	
Total Serum Testosterone Level




	
β-coefficient (SE)

	
95% CI

	
p






	
Log (urinary triclosan)

	
< 0.001 (0.012)

	
−0.024, 0.025

	
0.982




	
Log (BMI)

	
−0.868 (0.145)

	
−1.174, −0.563

	
<0.0001




	
Log (creatinine)

	
−0.025 (0.044)

	
−0.117, −0.067

	
0.579




	

	

	

	




	
Smoking

	

	

	




	
Smoker

	
Reference

	
Reference

	
Reference




	
Non-smoker

	
−0.032 (0.044)

	
−0.124, 0.061

	
0.483




	
Income categories

	

	

	




	
Low

	
−0.026 (0.049)

	
−0.129, 0.077

	
0.602




	
Middle

	
0.062 (0.053)

	
−0.051, 0.174

	
0.263




	
High

	
Reference

	
Reference

	
Reference
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