Methods

Demographic Variables
The NHANES demographic file provides individual-, family-, and household-level information. This information was collected at home, prior to the health check, by trained interviewers using a computer-assisted personal interview (CAPI) system. Subjects over the age of 16 were interviewed directly. Acting respondents provided information for survey participants under the age of 16 and those who were unable to answer questions on their own (NHANES, 2015-2016b). Demographic variables were extracted for this study included gender, age, race/ethnicity, education level, BMI, household income, and ratio of family income to poverty.

Cotinine 
Cotinine is the main metabolite of nicotine. Cotinine is used as a biomarker for exposure to tobacco smoking including secondhand smoke exposure (SHS). Nicotine and cotinine can all be measured in blood, but cotinine is generally the preferred biomarker because of its longer half-life (about 15-20 hours). Therefore, we use cotinine to measure the prevalence and extent of tobacco use (NHANES, 2015-2016a).

Reproductive Health
Reproductive health information is available in NHANES databases include menstrual history, pregnancy history, the use of contraceptives, and other related reproductive conditions (NHANES, 2015-2016e).

Analysis of serum PFAS concentrations
Serum concentrations of PFAS were measured using online solid-phase extraction coupled to high performance liquid chromatography-turbo ion spray ionization-tandem mass spectrometry (online SPE-HPLC-TIS-MS/MS) (NHANES, 2015-2016d). Briefly, after dilution with formic acid, one 50 μL aliquot of serum was injected into a commercial column switching system allowing for concentration of the analytes on the solid-phase extraction column. Separation of the analytes from each other and from other serum components is achieved with high-performance liquid chromatography. Detection and quantification are done using negative-ion turbo ion spray ionization (a variant of electrospray ionization)-tandem mass spectrometry. This method allows for rapid detection of these PFAS in human serum with limits of detection (LOD) in the low parts per billion (ppb, or ng/mL) range (NHANES, 2015-2016d). For PFAS concentrations below the LOD, as recommended for the analysis of NHANES data, we used a value equal to the LOD divided by the square root of 2. The NHANES quality assurance and quality control (QA/QC) protocols meet the 1988 Clinical Laboratory Improvement Act mandates. Detailed QA/QC instructions are discussed in the NHANES Laboratory Procedures Manual (LPM) (NHANES, 2015-2016c).

Outcome Assessments
Detailed instructions on specimen collection and processing are discussed in the NHANES LPM. Vials were stored under appropriate frozen (-20°C) conditions until shipment to the National Center for Environmental Health for testing.
Testosterone that circulates in the blood binds predominantly to protein, with approximately 40% bound to the high-affinity SHBG and 60% to albumin with lower affinity. Evaluation of serum testosterone typically includes estimated TT (free plus bound) and FT (not protein-bound).
The isotope dilution liquid chromatography tandem mass spectrometry (ID-LC-MS/MS) method, which employs Liquid-Liquid extraction (LLE) of serum to isolate the steroid, was used for routine quantitation of serum TT and E based on the National Institute for Standards and Technology’s (NIST) reference method. Stable isotope-labeled testosterone and estradiol were used as an internal standard to correct for sample recovery during the sample preparation process. The method is standardized through CDC’s HoSt program (NHANES, 2015-2016f, c).
Concentrations of SHBG were determined following the reaction of SHBG with immuno-antibodies, chemo-luminescence measurements of the reaction products that occurs after two incubation periods, and subjecting to a magnetic field. The microparticles were captured on an electrode, where a chemiluminescent reaction occurred and was measured by a photomultiplier tube (NHANES, 2015-2016f). The readings were compared to an instrument- and lot-specific calibration curve.
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