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A B S T R A C T

Phthalates have been associated with respiratory symptoms in adults; they may enhance effects of inflammatory
compounds. To assess the potential interactions of phthalates and endotoxin on respiratory and allergic symp-
toms in adults, we used cross-sectional information from the 1091 adults with complete data on urinary
phthalates and house dust endotoxin from NHANES 2005–2006. We used multivariable logistic regression to
assess whether endotoxin levels modified the association between nine phthalate metabolites and four current
allergic symptoms (asthma, wheeze, hay fever, and rhinitis). Endotoxin was classified into tertiles (< 10, 10–25,
> 25 EU/mg dust). Urinary phthalate and dust endotoxin levels were not correlated (r< |0.02|). Under low
endotoxin conditions, no associations between phthalates and respiratory outcomes were observed. Under
medium or high endotoxin conditions, exposure-response relationships were observed between specific phtha-
lates and wheeze and asthma. For wheeze, three phthalates (mono-benzyl phthalate (MBzP), mono(carbox-
yoctyl) phthalate (MCOP), and di-ethylhexyl phthalate (DEHP) had significant interactions with endotoxin); for
asthma, two phthalates (MCOP and mono(carboxyoctyl) phthalate (MCNP)) had significant interactions.
Endotoxin did not modify the associations between phthalates and hay fever or rhinitis. These results are
consistent with the hypothesis that endotoxin enhances the respiratory toxicity of phthalates; however this cross-
sectional study cannot address key temporal issues. The lack of an association between wheeze or asthma and
phthalates when endotoxin exposure was low suggests that phthalates alone may not increase these symptoms.

1. Introduction

Phthalates are a class of chemicals commonly found in cosmetics,
personal care products, plastics, and food packaging (Hauser and
Calafat, 2005). Exposure to phthalates is ubiquitous and poorly char-
acterized. While the relationship between phthalate exposure and
health outcomes are not fully understood, recent studies in adults from
multiple countries have shown that higher levels of phthalates are as-
sociated with increased prevalence of asthma and allergy (Hoppin et al.,
2013; Jaakkola et al., 2006; Jaakkola and Knight, 2008; Kimber and
Dearman, 2010; North et al., 2014). A recent review by North (North
et al., 2014) concluded “Despite mounting evidence implicating
phthalates, causation of allergic disease by these compounds cannot
currently be established. Another review by Robinson and Miller
(Robinson and Miller, 2015) concluded ”Emerging science indicates
that deleterious immunologic changes, including increased propensity
to develop wheeze, allergy, and asthma after dietary and inhalation

exposure to these chemicals, may be occurring.” Understanding the
mechanisms by which phthalates may contribute to allergy and asthma
is an active area of research. A proposed mechanism is that phthalates
may act as adjuvants and exacerbate allergic symptoms through either
allergenic or inflammatory mechanisms (North et al., 2014). Exposure
to diethylhexylphthalate (DEHP) enhances inflammatory responses in
rats in a model of allergic airway response (Guo et al., 2012). In vitro
studies have shown that phthalates (di-ethyl and di-butyl phthalates)
influence human innate and adaptive immunity as measured by en-
hanced cytokine response to endotoxin (Hansen et al., 2015). One
common inflammatory agent associated with wheeze and other asthma
symptoms in human populations is endotoxin (Smit et al., 2008; Thorne
et al., 2005, 2015; Mendell et al., 2011).

In previous work, we showed that specific phthalate metabolites
were associated with respiratory and allergic symptoms in adults; at
that time we lacked information on endotoxin to examine whether
endotoxin influenced the impact of phthalates on respiratory and
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allergic outcomes (Hoppin et al., 2013). Since then, the National Health
and Nutrition Examination Survey (NHANES) 2005 – 2006 has released
the data on endotoxin and allergens in dust providing the opportunity
to explore this hypothesis using the same data set. Other investigators
have shown an association between endotoxin and wheeze, in-
dependent of allergic sensitization status in the whole NHANES
2005–2006 sample; no association was seen for current asthma (Thorne
et al., 2015). To expand on both our earlier work and these other
findings from NHANES 2005–2006, here we explore whether endotoxin
levels in the home modify the association between phthalates and re-
spiratory symptoms in adults.

2. Materials and methods

We used publicly available data from the NHANES 2005–2006 to
assess the potential interaction between phthalates and endotoxin on
allergic and respiratory symptoms in adults (≥18 years old) (CDC,
2015a). This dataset is the only recent NHANES dataset to include the
respiratory and allergic outcome questions along with endotoxin mea-
surement. Analysis was limited to adults because our earlier findings for
phthalates were stronger in adults and the sample size for adults was
larger to assess potential interactions. NHANES participants provided
informed consent and were assured that data collected will be used only
for stated purposes. This analysis used the publicly available, de-iden-
tified data.

Self-reported current respiratory and allergic symptoms (asthma,
hay fever, rhinitis, and wheeze), defined as symptoms occurring within
the last 12 months, were obtained from the self-administered ques-
tionnaire during the clinic visit. In the NHANES data set, wheeze is
defined as any episode of wheezing or whistling in the chest in the past
year, while current asthma is defined based on both a doctor diagnosis
of asthma and experiencing symptoms in the past year. Covariate data
were obtained through either the questionnaire (age, race/ethnicity,
and gender) or measured (body mass index [BMI], urinary creatinine,
and cotinine).

Spot urine samples were analyzed for 15 phthalate metabolites
using high performance liquid chromatography-electrospray ionization-
tandem mass spectrometry (CDC, 2015b). Samples below the limit of
detection (LOD) were assigned a value of the LOD divided by the square
root of 2. A summary DEHP variable was created by summing the
concentrations (ng/mL) of the DEHP metabolites: mono-(2-ethyl)-hexyl
phthalate, mono-2-ethyl-5-carboxypentyl phthalate, mono-(2-ethyl-5-
hydroxyhexyl) phthalate, and mono-(2-ethyl-5-oxohexyl) phthalate.

Endotoxin was measured in the combined dust from the partici-
pant's bed and bedroom floor (Thorne et al., 2015). On average, dust
samples were collected in participants’ homes within seven days of the
clinic visit. Dust endotoxin was measured using a Limulus amebocyte
lysate assay (CDC, 2015c).

Multivariable logistic regression was used to model the potential
interaction between each phthalate and dust endotoxin exposure on
respiratory and allergic outcomes. Each phthalate was modeled in-
dividually. Because we were interested in whether endotoxin modified
the association of phthalates, we modeled phthalate concentrations as a
continuous linear variable (log10-transformed) and endotoxin was ca-
tegorized into tertiles (low:< 10 EU/mg, medium: 10–25 EU/mg, and
high: ≥25 EU/mg). All phthalates detected in ≥50% of the study po-
pulation were included. Models were adjusted for the same covariates
previously (Hoppin et al., 2013) included: age (continuous), race/eth-
nicity (non-Hispanic White, non-Hispanic Black, Mexican American,
and other), gender, creatinine (log10-transformed, continuous), cotinine
(< LOD, 0.015–10.0 ng/mL,≥10 ng/mL) (Pirkle et al., 1996), and BMI
(< 25, 25–30, ≥30) (Hoppin et al., 2013). Participants missing in-
formation on any of these variables were excluded. We tested for in-
teractions using an overall difference in slope test (Wald test). We also
assessed interactions between phthalates and total dust weight and
sieved dust weight to provide evidence that the associations observed

were from the endotoxin present in the dust and not the dust itself. For
comparison purposes, we also present the main effects of phthalates
without endotoxin in each table, as the sample size differed from our
earlier analysis. All analyses were conducted using SAS 9.4 (SAS In-
stitute Inc., Cary, NC, USA). We regarded p<0.05 as statistically sig-
nificant and p<0.1 as borderline significant for interactions.

3. Results

A total of 1091 adults had complete data on phthalates, dust en-
dotoxin levels, and potential confounders, and had not moved between
the clinic visit and dust collection. Rhinitis was the most commonly
reported symptom (30.7%); 14.7% of participants reported wheeze in
the past year and 8.3% reported current asthma (Table 1). Nine dif-
ferent phthalates were detected in ≥50% of our sample (Table 2);
endotoxin was detected in all but two homes. There was no correlation
between urinary phthalates and dust endotoxin levels (See
Supplemental Figure 1).

For both wheeze and asthma, we observed significant interactions
between phthalates and endotoxin (Figs. 1 and 2). For wheeze
(Table 3), three phthalates [mono-n-butyl (MnBP), mono-carboxyoctyl
(MCOP), and DEHP] had significant interactions; an additional three
phthalates mono-isobutyl (MiBP), monoethyl (MEP), and monobenzyl
(MBzP)] had borderline significant interactions (0.05< p<0.10). The
odds ratios for all six of these phthalates showed evidence of a mono-
tonic increase with increasing phthalate concentration, with the largest
association between phthalates and wheeze observed in the highest
category of endotoxin. While we observed significant interactions be-
tween endotoxin and specific phthalates for wheeze, few of the in-
dividual odds ratios had 95% confidence intervals that excluded the

Table 1
Demographic, medical, and allergic characteristics for the adults (≥18 years old)
with complete demographic, urinary phthalate metabolite and household dust data,
NHANES 2005–2006, n = 1091.

Age, in years, mean (SD) 44.5 (19.7)
Race/ethnicity, n (%)

Non-Hispanic White 501 (45.9)
Non-Hispanic Black 278 (25.5)
Mexican American 239 (21.9)
Other 73 (6.7)

Gender, n (%)
Female 544 (49.9)
Male 547 (50.1)

Cotinine, ng/mL, n (%)
<LOD (<0.015) 174 (16.0)
Low (0.015–10.0) 609 (55.8)
High (≥ 10.0) 308 (28.2)

Creatinine, mg/dL, mean (SD) 136.5 (77.6)
BMIa, n (%)

Underweight/normal 349 (32.0)
Overweight 356 (32.6)
Obese 386 (35.4)

Current allergic conditionsb, n (%)
Asthma 90 (8.3)
Hay fever 55 (5.0)
Rhinitis 335 (30.7)
Wheeze 160 (14.7)

Dust endotoxinc, EU/mg, n (%)
Low (< 10) 364 (33.4)
Medium (10–25) 352 (32.3)
High (≥ 25) 375 (34.4)

SD: standard deviation; LOD: limit of detection.
Participants with missing sIgE information were excluded, n = 1.

a Adult BMI was classified using calculated BMI as underweight/normal (< 25),
overweight (25–30), and obese (≥30).

b Self-reported symptoms for the past 12 months; asthma and hay fever were
assessed only among individuals reporting ever having a doctor diagnosis.

c Endotoxin levels below the LOD (0.00034 EU/g dust) were recorded as LOD/√2,
n = 2.
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null value. Both MBzP (Odds Ratio (OR) =1.79, 95% Confidence In-
terval (CI)= 1.13, 2.81) and DEHP (OR=1.47, 95%CI=1.01, 2.15) had
significant odds ratios for a one unit change in phthalate concentration
for wheeze in the highest category of endotoxin. For asthma (Table 4),
MCOP and mono-(carboxylnonyl) phthalate (MCNP) had significant
interactions with endotoxin and MiBP, MnBP, MEP, and DEHP had
borderline interactions with endotoxin, but none of these showed the
largest odds ratio in the highest category of endotoxin. For asthma, the
largest ORs were associated with the medium endotoxin level. We saw
no interaction between endotoxin level and any phthalates with rhinitis
or hay fever (Supplemental Tables 1 and 2). Additionally, there was no
evidence of an interaction of phthalates with total dust concentration or
sieved dust concentration (data not shown).

4. Discussion

Overall, home endotoxin level modified the association between
specific urinary phthalates and respiratory symptoms wheeze and
asthma, but not for current rhinitis or hay fever. For wheeze, the
phthalates, MnBP, MCOP and DEHP had significant interactions with
endotoxin; while the 95% CI for MBzP and DEHP excluded the null
value in the highest category for endotoxin. For current asthma, the
phthalates MCOP and MCNP had significant interactions with en-
dotoxin while only mono-(3-carboxypropyl) phthalate had a 95% CI
that excluded the null value at the highest level of endotoxin. There was
no association between wheezing and increasing phthalate concentra-
tions when endotoxin exposure was low, suggesting that phthalates
may not increase the prevalence of wheeze or asthma on their own. The
interaction between phthalates and endotoxin was limited to re-
spiratory symptoms. Although rhinitis was the most prevalent symptom
in our study (31%) and was well powered to see associations, we did
not observe any interactions with this outcome.

Endotoxin is a prototypical inflammatory agent and is associated
with the development of a variety of inflammatory diseases (Radon,
2006). In an earlier analysis from the NHANES 2005-6 data, endotoxin
was associated with wheeze among all 6963 NHANES participants and
this association persisted when controlling for confounders and was
unrelated to allergic sensitization status (Thorne et al., 2015). However,
current asthma was not associated with endotoxin, except among non-
allergen sensitized individuals (Thorne et al., 2015). In our study,
current asthma was related to phthalate exposure only in homes with
medium or high endotoxin present; this may suggest that endotoxin
alone is not associated with current asthma, but as part of an interaction

between other environmental exposures including phthalates. We did
not see an association with endotoxin alone in our reduced dataset.

Phthalates as a class are believed to modulate immune responses in
vitro and in vivo, but the mechanisms are not well understood (Kimber
and Dearman, 2010; Robinson and Miller, 2015). Additionally, few
experimental studies have assessed all the phthalates evaluated here or
in other human studies. While no whole animal studies have evaluated
the interaction between phthalates and endotoxin, some in vitro studies
of lipopolysaccharide-stimulated macrophages showed inhibition of
TNF-alpha responses with DBP exposure (Hansen et al., 2015; Kim
et al., 2015) and increases in IL-10 for diethyl phthalate (DEP) and
dibutyl phthalate (DBP) (Hansen et al., 2015). Other studies have
evaluated the association of specific phthalates on allergic mechanisms.
DINP has been shown to suppress Th1 cell formation and enhance Th2
cell formation in vitro and to induce allergic asthma in mice as a result
of IL-4, IL-5, and IgE production (Hwang et al., 2017). DBP has been
used as a sensitizing agent in studies of Th2 contact hypersensitivity
responses (Larson et al., 2010). In weanling mice exposed to DEHP,
DEHP acted as an adjuvant to enhance IgE and IgG1 production (Han
et al., 2014). DEHP also was shown to enhance ovalbumin response as
measured by IL-3 in the nasal cavity of mice (He et al., 2013). Larsen
and colleagues demonstrated that longer chain phthalates (e.g., di-n-
octyl phthalate) were more likely to have adjuvant effects than shorter
chain (e.g., DBP) (Larsen et al., 2002). DEHP can influence the human
nasal immune response in allergen-sensitized individuals. In human
volunteers (16 with allergy and 16 without), nasal exposure to house
dust and DEHP did not increase allergic symptom scores, but did in-
fluence protein expression in the nasal mucosa of allergen-sensitized
individuals (Deutschle et al., 2008). In allergen-sensitized individuals,
low DEHP levels in house dust were associated with increased granu-
locyte colony stimulating factor (G-CSF), interleukin-5 (IL-5) and IL-6;
while high levels of DEHP in dust were associated with lower G-CSF and
IL-6 (Deutschle et al., 2008).

The association of phthalates and allergy has been studied pre-
viously in both adults and children (Jaakkola and Knight, 2008; North
et al., 2014; Robinson and Miller, 2015), though none of these studies
have considered the interaction with other environmental exposures
which might influence the impact of phthalates. In Taiwan, researchers
evaluated environmental exposures including phthalates, endotoxin,
and glucans and respiratory and allergic outcomes in 101 children aged
3–9 years (Hsu et al., 2012). In this study, case status was associated
both with butyl benzyl phthalate (BBzP) and fungal glucan, though
glucan was non-significant when included together in the model with

Table 2
Distribution of urinary phthalate metabolites (ng/mL) among adults (≥18 years old) with endotoxin data, NHANES 2005–2006.

LOD >LOD, n (%) GM (GSE)a 5th 25th 50th 75th 95th

Low Molecular-weight (LMW)
Mono-isobutyl phthalate (MiBP) 0.3 1062 (97.3) 5.36 (0.20) 0.50 2.60 6.10 11.90 33.10
Mono-n-butyl phthalate (MnBP) 0.6 1089 (99.8) 20.68 (0.67) 3.20 11.10 22.50 41.2 112.7
Mono-ethyl phthalate (MEP) 0.5 1086 (99.5) 142.41 (6.58) 14.06 50.69 135.89 387.62 1911.2
Mono-n-methyl phthalate (MMP) 1.1 418 (38.3) 1.52 (0.05) < LOD <LOD <LOD 2.70 12.50
High Molecular-weight (HMW)
Monobenzyl phthalate (MBzP) 0.2 1077 (98.7) 8.53 (0.34) 0.79 4.10 9.50 19.80 67.61
Mono(carboxyoctyl) phthalate (MCOP) 0.7 1043 (95.6) 5.03 (0.19) 0.70 2.30 4.60 9.90 44.80
Mono(carboxynonyl) phthalate (MCNP) 0.6 981 (89.9) 2.60 (0.08) < LOD 1.40 2.60 4.70 14.60
Mono-(3-carboxypropyl) phthalate (MCPP) 0.2 1052 (96.4) 1.89 (0.06) 0.30 1.00 2.00 3.90 11.60
Mono-cyclohexyl phthalate (MCHP) 0.6 22 (2.0) 0.44 (0.00) < LOD <LOD <LOD <LOD <LOD
Mono-isononyl phthalate (MINP) 1.2 145 (13.3) 1.06 (0.02) < LOD <LOD <LOD <LOD 4.00
Mono-n-octyl phthalate (MOP) 1.8 10 (0.9) 1.32 (0.00) < LOD <LOD <LOD <LOD <LOD
Diethylhexyl phthalate (DEHP) 83.72 (3.34) 11.85 34.30 74.95 177.10 907.00
Mono-(2-ethyl)-hexyl phthalate 1.2 739 (67.7) 3.20 (0.13) < LOD <LOD 2.70 7.00 41.50
Mono-2-ethyl-5-carboxypentyl phthalate 0.6 1090 (99.9) 37.15 (1.47) 5.20 15.90 32.70 76.80 385.60
Mono-(2-ethyl-5-hydroxyhexyl) phthalate 0.7 1088 (99.7) 24.77 (1.05) 3.00 9.80 22.40 54.30 302.40
Mono-(2-ethyl-5-oxohexyl) phthalate 0.7 1081 (99.1) 15.86 (0.66) 1.90 6.50 14.40 36.30 181.70

LOD: limit of detection; GM: geometric mean; GSE: geometric standard error.
a Phthalate levels below the LOD were assigned values of LOD/√2; these imputed values were used in the calculation of GM (GSE).
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BBzP; the authors did not evaluate interactions.
This cross-sectional study benefitted from a large sample with data

on biological levels of phthalates, house dust measures of endotoxin, as
well as detailed and consistent medical information. Our study assumes
a constant exposure for phthalate and endotoxin exposure across the
past 12 months (the time period in which symptoms were measured),
which may not accurately reflect the level of exposure during this time.

Urinary phthalate concentrations are good markers of recent exposure
and integrate over all sources of exposure, however, because exposures
can vary day-to-day and phthalate metabolites have half-lives less than
one day, biomarker levels are not consistent over time (Hauser et al.,
2004; Hoppin et al., 2002; Teitelbaum et al., 2008). Endotoxin was
measured in house dust, and while it is believed to be the most im-
portant source of endotoxin exposure for most individuals (Thorne

Fig. 1. Predicted probability of wheezing among adults across log10-transformed mono-isobutyl (A), mono-n-butyl (B), mono-ethyl (C), monobenzyl (D), mono(carboxyoctyl) (E), and
DEHP (F) phthalate concentrations, stratified by endotoxin exposure, and controlling for age, gender, race/ethnicity, BMI, creatinine, and cotinine levels.
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et al., 2005, 2015, 2009; Waser et al., 2004), home endotoxin levels
may not convey a complete picture of endotoxin exposure for each
individual and thus we may have some exposure misclassification for
individuals who have endotoxin exposures in other settings. Moreover,
endotoxin levels in dust can be affected by multiple household factors,
including animals in the home, which can change over time (Chen

et al., 2012; Sordillo et al., 2011). However, Abraham and colleagues
have shown that within home variation of endotoxin is much less than
between home variation, suggesting that use of a single measurement is
appropriate (Abraham et al., 2005).

We relied on self-reported symptom information which may not be
an accurate reflection of an individual's actual symptoms; however, the

Fig. 2. Predicted probability of asthma among adults across log10-transformed mono-isobutyl (A), mono-n-butyl (B), mono-ethyl (C), mono(carboxyoctyl) (D), mono(carboxynonyl) (E),
and DEHP (F) phthalate concentrations, stratified by endotoxin exposure, and controlling for age, gender, race/ethnicity, BMI, creatinine, and cotinine levels.
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NHANES survey uses standard questions that have been used in many
studies. Because the study is cross-sectional we cannot assess whether
the outcome is a result of the exposure, or if people with respiratory
symptoms are more likely to be exposed to phthalates when living in
homes with higher levels of endotoxin. Finally, our sample size was
limited, not only to the third of NHANES participants with urinary
phthalate measures, but also to the subset of those individuals who also
had household dust samples. Thus our sample of 1546 adults that we
analyzed previously (Hoppin et al., 2013) was reduced to 1091 in-
dividuals. The decrease in sample size between our previous and cur-
rent work are due to excluding individuals missing a household dust
endotoxin measurement or who had moved between the original
questionnaire and dust sample collection. The sample analyzed here
was slightly more likely to be non-Hispanic white (49% here vs. 46%
earlier), more likely to be male (50% here vs. 49% earlier), and,
probably most importantly, contained more individuals with cigarette
smoke exposure as assessed by cotinine (28% with> 10 ng/mL coti-
nine here vs. 27% earlier). While studies have shown that smoking in
the home is associated with higher levels of endotoxin (Thorne et al.,
2009), it is unlikely that this small difference in the prevalence of
smokers explains the observed differences because we controlled for
this in our analyses. When we repeated the initial analysis (i.e. without
interaction with endotoxin) on this new sample, we showed approxi-
mately the same results (Tables 3, 4) for wheeze and asthma, but with
additional significant findings for current asthma with exposure to
specific phthalates MCOP, MCNP, and mono-(3-carboxypropyl) phtha-
late (MCPP) that we did not observe earlier. For the most part, this
current sample reflected the previous sample, but there were a few

slight changes in the demographic characteristics that may also have
influenced the differences between our results here and those reported
earlier.

This is the first study to evaluate the potential interaction between
endotoxin exposure in the home and phthalate metabolites and as it
applies to asthma, hay fever, rhinitis, and wheeze. We utilized a large,
nationally representative study with standardized measurements and
controlled for multiple potential confounders. Future studies would
benefit from longitudinal studies with larger sample sizes, including
infants and school-aged children, better information on confounders
and potentially incorporate multiple measurements of both phthalates
and endotoxin levels.
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Supplementary data associated with this article can be found in the

Table 3
Adjusted odds ratios (ORs [95% Confidence Interval])a for wheeze associated with a 1-unit increase in the log10-transformed phthalate concentrations, both unadjusted for endotoxin and
with an interaction term with endotoxin level, 1091 adults (≥18 years old), NHANES 2005–2006.

Phthalates Alone Low Endotoxin Medium Endotoxin High Endotoxin Interaction p-valueb

Low Molecular-weight (LMW)
Mono-isobutyl phthalate 1.25 (0.79, 1.98) 0.88 (0.50, 1.54) 1.41 (0.83, 2.37) 1.44 (0.87, 2.39) 0.09
Mono-n-butyl phthalate 1.34 (0.80, 2.23) 1.01 (0.57, 1.78) 1.41 (0.83, 2.40) 1.49 (0.87, 2.54) 0.04
Mono-ethyl phthalate 1.03 (0.77, 1.38) 0.88 (0.64, 1.22) 1.08 (0.79, 1.46) 1.11 (0.81, 1.53) 0.05
High Molecular-weight (HMW)
Monobenzyl phthalate 1.58 (1.04, 2.39) 1.14 (0.69, 1.88) 1.71 (1.09, 2.70) 1.79 (1.13, 2.81) 0.05
Mono(carboxyoctyl) phthalate 1.18 (0.82, 1.71) 0.82 (0.50, 1.33) 1.35 (0.85, 2.14) 1.52 (0.98, 2.36) 0.03
Mono(carboxynonyl) phthalate 1.17 (0.75, 1.82) 0.79 (0.42, 1.48) 1.34 (0.76, 2.37) 1.42 (0.81, 2.51) 0.20
Mono-(3-carboxypropyl) phthalate 1.87 (1.18, 2.96) 1.46 (0.76, 2.82) 2.35 (1.31, 4.24) 1.80 (0.97, 3.35) 0.42
Diethylhexyl phthalatec 1.30 (0.91, 1.86) 1.12 (0.76, 1.64) 1.38 (0.95, 2.01) 1.47 (1.01, 2.15) 0.03

Significant p-values (p< 0.05) are denoted in bold, borderline significant p-values (p< 0.1) are denoted in italics.
a Adjusted for age, gender, race/ethnicity, BMI, creatinine, and cotinine.
b Tests of equivalent linear slopes were conducted for each phthalate while controlling for age, gender, race/ethnicity, BMI, creatinine, and cotinine, df = 2.
c Sum of all DEHP metabolites.

Table 4
Adjusted odds ratios (ORs [95% CI])a for current asthma associated with a 1-unit increase in the log10-transformed phthalate concentrations both unadjusted for endotoxin and with an
interaction term with endotoxin level, 1091 adults (≥18 years old), NHANES 2005–2006.

Phthalates Alone Low Endotoxin Medium Endotoxin High Endotoxin Interacation p-valueb

Low Molecular-weight (LMW)
Mono-isobutyl phthalate 1.26 (0.70, 2.24) 0.79 (0.38, 1.65) 1.55 (0.82, 2.94) 1.37 (0.72, 2.59) 0.09
Mono-n-butyl phthalate 1.65 (0.87, 3.12) 1.16 (0.57, 2.37) 1.77 (0.92, 3.39) 1.75 (0.90, 3.42) 0.08
Mono-ethyl phthalate 1.09 (0.76, 1.58) 0.90 (0.59, 1.36) 1.15 (0.79, 1.68) 1.18 (0.79, 1.74) 0.08
High Molecular-weight (HMW)
Monobenzyl phthalate 1.18 (0.70, 1.98) 0.80 (0.42, 1.53) 1.37 (0.78, 2.40) 1.27 (0.71, 2.26) 0.10
Mono(carboxyoctyl) phthalate 1.64 (1.05, 2.54) 0.96 (0.51, 1.79) 2.27 (1.34, 3.86) 1.96 (1.16, 3.32) 0.01
Mono(carboxynonyl) phthalate 1.77 (1.03, 3.01) 0.93 (0.41, 2.10) 2.71 (1.46, 5.03) 1.64 (0.80, 3.38) 0.03
Mono-(3-carboxypropyl) phthalate 2.36 (1.36, 4.10) 1.58 (0.69, 3.61) 3.21 (1.64, 6.31) 2.21 (1.05, 4.68) 0.26
Diethylhexyl phthalatec 1.08 (0.68, 1.69) 0.87 (0.53, 1.43) 1.19 (0.74, 1.90) 1.17 (0.73, 1.89) 0.06

Significant p-values (p< 0.05) are denoted in bold, borderline significant p-values (p< 0.1) are denoted in italics.
a Adjusted for age, gender, race/ethnicity, BMI, creatinine, and cotinine.
b Tests of equivalent linear slopes were conducted for each phthalate while controlling for age, gender, race/ethnicity, BMI, creatinine, and cotinine, df = 2.
c Sum of all DEHP metabolites.
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