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Abstract

Background—~Previous studies suggest that a higher ratio of primary to secondary metabolites
of di-2-ethylhexyl phthalate (DEHP), reflective of a slower DEHP conversion rate, is associated
with a greater physiologic effect. We examined associations of several individual characteristics
and lifestyle factors with the ratio of mono-2-ethylhexyl phthalate to mono-(2-ethyl-5-
hydroxyhexyl) phthalate (MEHP:MEHHP) and %MEHP (the ratio of MEHP to the sum of the
secondary metabolites).

Methods—We used the data from the National Health and Nutrition Examination Survey, 2001-
2012. The study included adults with BMI<30 and no diabetes. Pregnant women were excluded.
We examined associations of age, race, gender, Body Mass Index, smoking, alcohol and caffeine
consumption, medication use, cancer history, and menopausal status and postmenopausal hormone
use (in women) with MEHP:MEHHP and %MEHP using multivariable linear regression. The
values for %MEHP were log-transformed in the analysis.

Results—In multivariable analysis, non-Caucasian individuals had higher %MEHP (non-
Hispanic Blacks: p=0.114, 95% Confidence interval [CI]: 0.050, 0.177; Hispanic: $=0.089, 95%
Cl: 0.024, 0.154; other race: p=0.126, 95% CI: 0.033, 0.219). Age was inversely associated with
MEHP:MEHHP (= -0.001, 95% CI: -0.002, —0.001) and %MEHP (p= —0.006, 95% CI: -0.008,
—0.004). Overweight individuals had lower MEHP:MEHHP and lower %MEHP (= —0.035, 95%
Cl: 0.062, —0.008 and p= —0.104, 95% CI: —0.162, —0.046, respectively). Alcohol consumption
was inversely associated with %MEHP among men (p-trend=0.03).
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Conclusions—Individual and lifestyle characteristics are associated with differences in DEHP
metabolism. Understanding underlying biological mechanisms could help to identify individuals at
a greater risk of adverse effects from DEHP exposure.
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phthalate exposure; lifestyle; risk factors; endocrine disruptors

1. Introduction

Phthalates are industrial chemicals extensively used in a variety of consumer products and
certain medical products such as blood bags and pharmaceutical coatings (1). Because of
their wide-spread use and variety of biological effects, phthalates were included on the list of
endocrine-disrupting compounds with high exposure concern and highest priority for
research (1, 2). Di-2-ethylhexyl phthalate (DEHP) is the most common phthalate that the
general population is exposed to ubiquitously, with ingestion being the main non-
occupational exposure route (1, 3-5). DEHP is rapidly metabolized within hours (half-life
6-12 hours) (6-8). Secondary DEHP metabolites are detected in 100% of the samples from
the general U.S. population with wide variation in their concentration (3, 9).

DEHP is rapidly hydrolyzed to its corresponding monoester (mono-(2-ethyl-hexyl)
phthalate, MEHP) by phase | enzymes, lipases and esterases in the intestinal epithelium (4,
10-12). Upon absorption, the monoester undergo further hydroxylation and oxidation
(Figure 1) (4). A greater proportion of the dose of DEHP is accounted for by the more
downstream metabolites, including mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP),
mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), and mono-(2-ethyl-5-carboxypentyl)
phthalate (MECPP) (13). A smaller portion of absorbed monoester undergoes phase 11
biotransformation into glucuronide-conjugated monoesters that are excreted in urine (12).
The portion of DEHP and MEHP that was not absorbed in the intestines is excreted in the
feces (1).

Previous studies suggested an association of exposure to DEHP with the risk of premature
thelarche (14), higher risk of endometriosis (15, 16), low sperm quality (17, 18), reduced
testosterone levels (19-21), obesity, diabetes, and possibly breast cancer (22-28). The
primary metabolite, MEHP, is a well-known ligand for the peroxisome proliferator-activated
receptor (PPAR) family (29), is a mitochondrial toxicant and disruptor of lipid and glucose
metabolism (29-31), and is the most potent DEHP metabolite in its toxicity (32, 33). Even
though some studies suggested differences in susceptibility to the toxic effects of
peroxisome proliferators across species with lower potential in humans, the basis for species
differences in peroxisome proliferation and carcinogenesis by phthalate esters has not been
fully described (33).

It has been previously shown that a higher ratio of MEHP to MEHHP or MEHP to MEOHP
in humans is associated with a greater physiologic effect and potentially greater endocrine
disrupting capacity (4, 29). It was also suggested that the ratio of MEHP to the secondary
metabolites could represent a phenotypic marker of the rate of DEHP metabolism to less
toxic metabolites (4). However, it remains unknown what individual characteristics and
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lifestyle factors are associated with differences in metabolic conversion of DEHP. This
knowledge could potentially help to identify population subgroups that might be more
susceptible to adverse effects of phthalates. Some of these factors could be related to
underlying genetic differences resulting in different conversion rates. Other factors may
potentially influence the DEHP metabolism rate by other mechanisms such as inhibition or
activation of metabolic enzymes.

To address these knowledge gaps, we investigated, for the first time, the association of
selected individual characteristics (age, gender, race/ethnicity, BMI, cancer history, and,
menopausal status [in women]) and lifestyle factors (smoking, alcohol use, caffeine
consumption, prescription medication use, postmenopausal hormone use [in women]) with
the ratios of the major DEHP metabolites in a representative sample of the U.S. population
using the data from the National Health and Nutrition Examination Survey (NHANES),
2001-2012. As the ratio of MEHP to the sum of the secondary DEHP metabolite
concentrations (MEHHP, MEOHP, and MECPP), referred to as %MEHP, and the ratio of
MEHP to MEHHP (MEHP:MEHHP) are reflective of the conversion rate for the most
potent DEHP metabolite, MEHP, we primarily presented the results of the analyses for these
two ratios. In a secondary analysis, we also investigated the associations of selected
characteristics and lifestyle factors with ratios of secondary DEHP metabolites: MEHHP to
MECPP (MEHHP:MECPP), MEOHP to MECPP (MEOHP:MECPP), and MEHHP to
MEOHP (MEHHP:MEOHP).

2. Materials and Methods

2.1 Study population

The National Health and Nutrition Examination Survey (NHANES) is an ongoing survey
conducted by the National Center for Health Statistics (NCHS), Centers for Disease Control
and Prevention (CDC), to assess the health of the U.S. population. The survey utilizes a
multistage, stratified, clustered design that selects a representative sample of the civilian,
non-institutionalized U.S. population with oversampling of specific subgroups defined by
age, race/ethnicity and income in various NHANES years (34). The survey data are collected
through household interviews and standardized examinations at mobile examination centers
throughout the United States as described in detail previously (34). Blood, serum and urine
samples were collected as part of the NHANES examination. Environmental chemicals were
measured in randomly selected subsamples of participants within specific age groups. All
NHANES protocols were approved by the NCHS’ Research Ethics Review Board, and all
participants signed a consent form before their participation.

This analysis used Continuous NHANES data from 2001-2012 and was restricted to
individuals who were 18 and older at the time of the survey, had a body mass index
(BM1)<30, had no history of diabetes or insulin use, and had urinary phthalates
measurements. Additionally, pregnant women were also excluded. In total, 6,653 adults met
these criteria (Figure 2).

Among four DEHP metabolites that were measured between 2001 and 2012 (MEHP,
MEHHP, MEOHP, and MECPP), MECPP measurements were available for NHANES
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2003-2012 only, thus reducing the sample size of the analyses utilizing this metabolite
(Figure 2). Of the eligible adults, 6,407 participants had values for MEHP:MEHHP and
MEHHP:MEQOHP, while 5,277 participants had values for MEHP:MECPP,
MEOHP:MECPP, and %MEHP. As further explained under the Urinary Phthalates Section,
a few participants were further excluded as the result of unreasonably large ratio values in
instances where the second metabolite was below the limit of detection (LOD). The final
sample ranged between 5,271 and 6,405 participants, depending on the ratio (Figure 2).

2.2 Individual characteristics and lifestyle factors

Information on the following variables was extracted from the NHANES questionnaires:
age, gender, race/ethnicity, menopausal status and postmenopausal hormone use (women
only), history of cancer, alcohol and caffeine consumption, smoking, and prescription
medication use in the past month. Participants’ height and weight were measured as a part of
the physical examination. BMI was calculated as weight in kilograms divided by height in
meters squared and was categorized as <18.5 kg/m? (underweight), 18.5-<25 kg/m? (normal
weight), 25-<30 kg/m? (overweight) (35). Alcohol consumption was available from the
alcohol use questionnaire (consumption over the past 12 months). Caffeine consumption (in
mg) was estimated from the data collected in a dietary interview that recorded all food and
beverages consumed during the 24-hour period preceding the interview.

2.3 Urinary phthalates

Urine samples were collected according to the standard protocol from participants aged 6
and older at the time of the medical examination. Urine specimens were processed, stored at
-20°C, and then shipped to the Division of Laboratory Sciences, National Center for
Environmental Health at CDC for analysis (36—38). As the current analysis focused on ratios
of phthalate metabolites rather than concentrations of individual metabolites, no creatinine
adjustment was needed. Urinary phthalates were quantified with high performance liquid
chromatography-tandem mass spectrometry as previously described (39-41). We examined
the associations of individual characteristics and lifestyle factors with the following ratios of
DEHP metabolites: MEHP to the sum of the secondary DEHP metabolite concentrations
(MEHHP, MEOHP, and MECPP) referred to as %MEHP, MEHP:MEHHP,
MEHHP:MECPP, MEHHP:MEOHP, and MEOHP:MECPP. As %MEHP and
MEHP:MEHHP are reflective of the conversion rate of MEHP, we primarily present the
results of the analyses for these two ratios, followed by the findings for other ratios as
supplementary material.

The values below LOD were substituted with LOD for the given analyte (specific to the
NHANES survey year) divided by the square root of 2 (Supplementary table 1) (42). Upon
initial examination of the distribution of the phthalate metabolite ratios, we excluded
individuals with ratio values >17 for MEHHP:MECPP and MEHP:MEHHP, >8 for
MEHHP:MEOHP, and >4 for MEOHP:MECPP, because these individuals had a value
<LOD for the second metabolite in the ratio which resulted in an unreasonably large ratio
value. However, we kept in the analysis observations where both the first and the second
analyte were represented by a value <LOD or the first analyte was represented by a very
small value. In these instances, the value for the ratio did not meet the exclusion criterion.
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All observations that were excluded from analyses of individual ratios based on the
aforementioned ratio cut-offs were also excluded from the analysis for %MEHP. After
excluding individuals with the extreme values (Figure 2), the distributions of all ratios were
approximately normal, except for %MEHP. We thus log-transformed %MEHP in the
analysis.

2.4 Statistical analysis

We accounted for the complex survey structure (multistage probability sample design)
throughout the analyses following the NHANES analytic guidelines (43). The weighted
numbers based on the sample represent the estimated number of the study population in the
United States. Our analyses included 5,271 participants for %MEHP, 6,394 for
MEHP:MEHHP, 5,272 for MEHHP:MECPP, 6,405 for MEHHP:MEOHP, and 5,271 for
MEOHP:MECPP (Figure 2).

We presented distributions of socio-demographic characteristics and lifestyle factors in the
study sample by quartiles of %MEHP. Differences across the quartiles were tested using
Chi-Square test for categorical variables and F-test for continuous variables.

The individual characteristics and lifestyle factors of interest were modeled as follows: age
(continuous), race (Caucasian [reference], Non-Hispanic Black, Mexican-American or other
Hispanic, and Other race), BMI (normal [reference], underweight, overweight), history of
cancer (any vs. none), alcohol consumption (none [reference], below limit of 14 drinks/week
for men or 7 drinks/week for women, above the limit of 14 drinks/week for men or 7 drinks/
week for women) (44), smoking status (never smoker [reference], past smoker, current
smoker), prescription medication use in the past month (none [reference], any), caffeine use
(quartiles based on the distribution in the study sample: <10 [reference]; 10-<91; 91-<208;
>208 mg). In women, we additionally examined the associations of menopausal status and
postmenopausal hormone use (premenopausal [reference], postmenopausal with no history
of hormone use, postmenopausal with past hormone use, postmenopausal with current
hormone use, postmenopausal with past but unknown current hormone use) with the
phthalate ratios.

We used multivariable linear regression to analyze the association of the selected individual
characteristics with the phthalate metabolite ratios. First, we explored the associations of
each individual characteristic or lifestyle factor with each of the ratios, adjusting for age,
gender, race, and BMI (Model 1). We additionally examined the effects of poverty and
education on the risk estimates, but as they did not affect the estimates and were not
statistically significant, they were not retained in the final models. We then examined the
associations in a fully adjusted model that simultaneously included all of the individual
characteristics and lifestyle factors (Model 2). Missing values for each of the variables were
represented by an “unknown” category. An additional Model 2 was run on women to
examine the associations of menopausal status and postmenopausal hormone use with
phthalate metabolite ratios. Furthermore we used respective medians within each category to
assess the overall trend for BMI, alcohol and caffeine consumption. As alcohol consumption
was categorized based on gender-specific cutoffs, the test for trend for alcohol consumption
was performed separately in each of the gender stratum.
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Finally, a secondary analysis was limited to participants without prescription medication use
(including hormones) in the past month; both Model 1 and Model 2 were examined in this
subset. Analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC,
USA). For all analyses, the statistical significance was assessed at the 0.05 level. All tests
were two-sided.

3. Results

Characteristics of the study population by quartiles of %MEHP are presented in Table 1. As
compared to the individuals in the lowest %MEHP quartile, those in the highest %MEHP
quartile were younger (p<0.0001), more likely to be non-Caucasian (p<0.0001) and less
likely to be overweight (p=0.04). Individuals in the highest %MEHP quartile were more
likely to be current smokers (30.0% vs. 21.2%, p<0.0001). A greater proportion of
individuals in the lowest quartile had a history of cancer (12.0% vs. 6.5%, p<0.001) and a
history of prescription medication use in the past month (59.6% vs. 45.5%, p<0.0001).
Among women, those in the lowest %MEHP quartile were less likely to be premenopausal
and were more likely to be current postmenopausal hormone users (p<0.001).

In multivariable analysis (Model 2), compared to Caucasian, other racial/ethnic groups had
higher %MEHP (non-Hispanic Blacks: p=0.114, 95% confidence interval [CI]: 0.050,
0.177; Hispanic: p=0.089, 95% ClI: 0.024, 0.154; other race: =0.126, 95% CI: 0.033, 0.219)
(Table 2). Age was inversely associated with MEHP:MEHHP (= -0.001, 95% CI: —0.002,
-0.001) and %MEHP (p=-0.006, 95% CI: —0.008, —0.004). Overweight individuals had
lower MEHP:MEHHP and lower %MEHP (= —0.035, 95% CI: —0.062, —0.008, p-
trend=0.01 and p=—0.104, 95% CI: —0.162, —0.046, p-trend<0.001, respectively). Current
smokers had higher % MEHP (B = 0.069, 95% CI: 0.011, 0.126) as compared to non-
smokers. Even though alcohol consumption was not associated with either of the ratios in
the overall analysis, the test for trend in the analysis for % MEHP was significant among
men (p-trend=0.04). Cancer history, caffeine consumption, prescription medication use and
in women, menopausal status and postmenopausal hormone use, were not associated with
either %MEHP or MEHP:MEHHP.

In the secondary analysis restricted to individuals with no prescription medication use in the
past month, associations of race, age and BMI, and alcohol consumption with %MEHP were
similar (Table 3). Associations of smoking with %MEHP were marginally significant,
though the magnitude of the estimates was greater than in the overall study sample (B=
0.114, 95% CI: 0.033, 0.195). Cancer history was inversely associated with MEHP:MEHHP
(p=—0.051, 95% CI: —0.084, —0.018). Other characteristics and lifestyle factors were not
associated with either of the two ratios.

In secondary analyses for the other phthalate metabolite ratios, race, gender, alcohol
consumption and caffeine consumption, and medication use in the past month, were
associated with the ratios of secondary phthalate metabolites (Supplementary Table 2, 3 and
4).
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4. Discussion

In this large representative sample of the U.S. population, we found significant associations
of several individual characteristics and lifestyle factors with ratios of urinary phthalate
metabolites. These findings indicate that the presence of certain lifestyle factors may put
individuals at an increased risk from DEHP exposure because of less favorable metabolic
patterns. This shift in balance towards more potent MEHP could subsequently result in a
greater biological effect.

Previous studies suggest a great inter-individual variation in the metabolism of DEHP in
humans, which can have implications for the DEHP exposure risk assessment. DEHP is
metabolized to MEHP by lipase or esterase and further to the secondary metabolites by the
cytochrome P450 system, alcohol dehydrogenase (ADH), aldehyde dehydrogenase (ALDH),
and UDP-glucuronyl transferase (45-47). Prior studies indicate that activity of these
enzymes could be influenced by gender, medication, smoking, caffeine, and BMI (48). For
example, higher BMI, smoking, and caffeine consumption induce activity of CYP3A4
explaining as much as 20% variation in inter-individual differences in enzymatic activity
(48). Importantly, CYP3A4 is responsible for metabolism of more than 50% of xenobiotics,
including DEHP (48). Smoking and long-term alcohol consumption also induce activity of
CYP1A2, CYP2A6, CYP2E1 and reduce activity of CYP2A6 which together with CYP3A4
and CYP2C9, CYP2C19 metabolize up to 90% of xenabiotics, though the role of these
enzymes in phthalate metabolism is unclear (49-51).

We observed lower ratios of MEHP:MEHHP and %MEHP in individuals with greater BMI,
which could potentially be explained by the aforementioned stimulating effect of BMI on
CYP450 system genes (48). A previous study in women found a positive association of BMI
with MEHP:MEHHP ratio (27). However, the study population and methods in the current
study are different from the previous analysis. First, we included both men and women with
a BMI<30 in this study, while the previous study focused on women without restrictions on
BMI. Second, BMI was an outcome of interest in the previous study and as required in such
instances, all analyses were adjusted for total calorie and fat intake. Finally, these studies
also differed in terms of statistical modeling and included covariates.

ADH is reversely inhibited by high levels of acetaldehyde and ALDH activity is reduced by
smoking (52). A few polymorphisms in these genes have been linked to susceptibility to
alcohol dependence due to the varying enzymatic activity leading to different rates of
acetaldehyde accumulation (53). Individuals with higher alcohol consumption might
potentially represent individuals with some of these genetic polymorphisms reflective of
slower acetaldehyde accumulation, higher tolerance to ethanol, and increased risk of alcohol
dependence. Increased activity of ADH in these individuals could potentially explain
changes in the rate of MEHP metabolism as reflected in lower %MEHP though it is unclear
why this association was limited to men.

We observed a higher %MEHP in current smokers as compared to non-smokers. This
finding cannot be explained by the inducing effects of smoking on CYP450 genes, but could
potentially result from reduced ALDH activity. Interestingly, when the analysis was
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restricted to individuals without prescription medication use, thus removing the potential
stimulating effect of medication on CYP450 genes, the risk estimates for smoking became
larger. However, future studies are warranted to explain the underlying biological
mechanisms behind increased %MEHP levels in smokers.

Our findings suggest that non-Caucasian individuals might be at a greater risk of adverse
health effects from exposure to DEHP. Previous studies on health outcome disparities have
demonstrated that individuals from Hispanic, non-Hispanic Black and other mixed racial
groups have an increased risk of various health outcomes as compared to their Caucasian
counterparts and that socioeconomic and clinical factors can only partially explain these
disparities (54-57). Though the underlying biological causes of these disparities are not well
understood, the differences in metabolism of environmental exposures, including phthalates,
could potentially in part explain some of the observed patterns.

For some of the lifestyle factors and individual characteristics, we observed differences for
the ratios of the secondary metabolites but not for the primary to secondary DEHP
metabolite ratios. Even though we did not see differences by gender for MEHP:MEHHP and
%MEHP, women appeared to have lower ratios of MEHHP:MECPP and MEHHP:MEOHP
as compared to men suggesting that this metabolic step might be occurring at a greater rate
in females. Alcohol use and caffeine consumption both were associated with an increase in
secondary metabolite ratios, as was use of prescription medication. However, interpretation
of these findings in the context of the changed risk of adverse effects from DEHP exposure
is hindered by the lack of knowledge on relative toxicity of these secondary metabolites in
humans. Finally, while we found an association of BMI with both %MEHP and
MEHP:MEHHP, we observed no differences in the ratios of the secondary metabolites.

Some exposures in our analysis differed with respect to the reference period for their
assessment: past 24-h for caffeine consumption, past 12 months for alcohol consumption,
past month for prescription medication, and life-long history for smoking (never, past,
current), Exposure misclassification may increase while using some of the reference periods
for specific exposures. For example, some previous studies suggest that 24-h recall for
caffeine consumption may underestimate the usual caffeine consumption levels (58). For
alcohol consumption, longer reference periods are recommended to capture varying patterns
by season, holidays, and irregular drinking (59). The accuracy of the recall of current
medication use may vary by the type of medication and repetitiveness of its use (60, 61).
Concurrent use of instruments assessing recent and usual exposures could help to assess
accuracy of reporting, reduce misclassification, and identify most relevant windows of
exposure to these factors.

This is the first study to examine the association of several individual characteristics and
lifestyle factors with metabolism of phthalates as reflected by the ratios of primary and
secondary metabolites. A few previous papers discussed associations of certain lifestyle
factors and individual characteristics with levels of individual DEHP metabolites (62-65).
The differences in the ratios of phthalate metabolites are reflective of inter-individual
differences in oxidative metabolism of DEHP, the most common phthalate (66). Previous
studies suggest that a higher ratio of MEHP to MEHHP may have a potentially greater
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physiologic effect as compared to individual metabolites (4, 13). This analysis used the data
from a large representative sample of the U.S. population. Nonetheless, our study has a few
limitations. The cross-sectional nature of the data does not allow us to determine the
temporal relationship. In addition, phthalates were measured in a single urine sample. Even
though phthalates are rapidly metabolized within hours (half-life 6-12 hours), previous
studies suggest that a single urine sample can accurately classify phthalate exposure over the
previous 3 months (67, 68). A few studies demonstrated that a single sample could reliably
represent a long-term exposure levels for phthalates in women, children, and men, some for
up to three years (69). To assess the temporal variability in phthalate concentrations, some
studies examined correlation between levels within the same individuals, though only a few
studies examined this correlation over a period of time longer than 6 months. The strength of
the correlation varied by metabolite and study population (general population, women, men,
children, and pregnant women). The strongest correlation over the period of time >6 months
was observed among women for MEOHP and sum of DEHP metabolites (0.46 and 0.42,
respectively). Among men, the interclass correlation over period of approximately 3 months
ranged between 0.51 and 0.54 for MEHP. The worst reproducibility was noted in pregnant
women and children (69). Both children and pregnant women were excluded from our
current analysis. While overall results from these studies suggest that a single sample may
adequately represent individual’s exposure over several months or a few years, use of
multiple urine samples in future studies would help to reduce exposure misclassification,
especially if certain subpopulations such as children and pregnant women are included.

5. Conclusions

The findings of our study suggest an association of several individual characteristics and
lifestyle factors, including age, race, BMI, smoking, and alcohol use with the metabolic
conversion rate of MEHP. The exact mechanisms driving the differences in these metabolic
patterns in relation to each of these factors remain unclear. Future prospective studies are
needed to examine the temporal relationship between lifestyle factors and DEHP
metabolism and to elucidate the causal links, if any.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MHECPP
MOEHP MCMHP

Figure 1. Di-2-ethylhexyl phthalate (DEHP) metabolism
Note: Shaded boxes represent analytes measured as part of NHANES

Abbreviations: MBP - monobutyl phthalate; MBzP - Mono-benzyl phthalate; MEHP -
Mono-2-ethylhexyl phthalate; MEP - Mono-ethyl phthalate; MEHHP - Mono-(2-ethyl-5-
hydroxyhexyl) phthalate; MEOHP - Mono-(2-ethyl-5-oxohexyl) phthalate; MECPP - Mono-
(2-ethyl-5-carboxypentyl) phthalate; MOEHP - Mono-2-(1-oxoethyl)hexyl-d4 phthalate;
MCMHP - mono(2-carboxymethylhexyl) phthalate; MHEHP — mono-2-(hydrohyethyl)hexyl
phthalate, MHECPP — mono-e-(1-hydroxyethyl)-5-carboxypentyl phthalate, MEHCPP —
mono-(2-ethyl-4-hydroxy-5-carboxypentyl) phthalate, MEOCPP - mono-(2-ethyl-4-0x0-5-
carboxypentyl) phthalate; MECBP — mono-(2-ehtyl-4-carboxybutyl) phthalate, MHECBP —
mono-2-(1-hydroxyethyl)-4-carboxybutyl phthalate, MECPrP - Mono(2-ethyl-3-
carboxypropyl) phthalate
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Figure 2. Participant selection flowchart
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Table 1

Characteristics of the Study Population, by the Log-transformed %MEHP Quartile (% or Mean [SD]),
NHANES 2001-2012

Characteristic Sampllztﬂgellr?t)illg Samélne:j ﬂ:?r;llg Samglzj l(\]lgir;llg Samp?;th:u Ellr?flllg
Age, years™ 485 (0.7) 44.9 (0.6) 42.2 (0.5) 40.6 (0.6)
Race

Caucasian 76.8% 74.1% 68.7% 64.4%

Other Race 5.9% 6.5% 7.7% 9.9%

Mexican-American or other Hispanic 9.3% 12.4% 13.2% 14.2%

Non-Hispanic Black 8.0% 7.0% 10.4% 11.5%
Gender

Male 47.5% 49.8% 48.1% 49.2%

Female 52.5% 50.2% 51.9% 50.8%
BmIT

Normal 44.7% 47.9% 51.2% 52.1%

Underweight 2.4% 3.2% 3.2% 3.1%

Overweight 52.9% 48.9% 45.5% 44.8%
Smoking *

Never smoker 52.6% 51.6% 52.9% 53.7%

Past smoker 26.7% 20.6% 19.9% 16.3%

Current smoker 21.2% 27.8% 27.2% 30.0%
Alcohol use

None 14.7% 16.0% 14.5% 13.3%

Below limit 69.2% 69.4% 72.9% 74.6%

Above limit 16.0% 14.6% 12.6% 12.1%
Cancer history*

No 88.0% 90.9% 93.6% 93.5%

Yes 12.0% 9.1% 6.4% 6.5%
Caffeine, g/day @

15t Quartile 19.1% 14.9% 18.3% 23.5%

2 Quartile 21.0% 24.0% 23.8% 22.1%

3rd Quartile 26.4% 29.1% 25.4% 25.2%

4™ Quartile 33.5% 32.0% 32.5% 29.3%
Prescription medication *

Did not use in past month 40.4% 49.6% 53.5% 54.5%

Used in past month 59.6% 50.4% 46.5% 45.5%
Menopausal status/postmenopausal hormone use
(women only) *b

Premenopausal 56.3% 60.3% 67.5% 73.1%

Postmenopausal/Never used 22.7% 18.7% 17.5% 14.1%
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15t quartile 2" quartile 3rd quartile 4% quartile

Characteristic Sample N=1,317  Sample N=1,318  Sample N=1,318  Sample N= 1,318

Postmenopausal/Past, not current 12.4% 13.7% 8.6% 8.8%
Postmenopausal, Past/unknown current 3.0% 3.5% 2.2% 0.3%
Postmenopausal/Current 5.5% 3.8% 4.2% 3.7%

*

differences across quartiles significant at 0.001 level
fdifferences across quartiles significant at 0.05 level
st _ <10; 2nd: 10-<01 ; 370 - 91-<208; and 4t ->208 mg

bN of women for each % quartile: 1st quartile: Sample N = 603, Weighted N =11,899,351; 2nd quartile: Sample N = 616, Weighted N =
12,182,219; 3rd quartile: Sample N = 633, Weighted N =12,507,047; 4th quartile: Sample N = 586 Weighted N =11,381,258
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