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Abstract

Background—Recent experimental work has shown that phthalates may increase inflammation.
Prior research has not examined the role of exposure to phthalates in relation to inflammatory
status among postmenopausal women who are at higher risk of developing inflammation-related
chronic disorders.

Objectives—We aimed to examine the associations of urinary phthalate biomarker
concentrations with circulating levels of c-reactive protein [CRP] and interleukin-6 [IL-6] among
443 postmenopausal women selected into a breast cancer case-control study nested within the
Women’s Health Initiative (WHI).

Methods—A total of 13 phthalate metabolites were measured in urine samples provided at WHI
enrollment from 1993-1998. We also measured baseline levels of CRP and IL-6 in these women’s
serum or plasma samples. Multivariable linear models were used to investigate the role of each
phthalate biomarker in relation to CRP and IL-6, adjusting for potential confounding factors and
specifically evaluating the role of BMI.

Results—In adjusted models we observed positive associations of monocarboxynony! phthalate
(MCNP) with CRP (p=0.092; 95% CI 0.026, 0.158) and IL-6 ( = 0.108; 95% CI 0.013, 0.204).
These positive associations were attenuated and non-significant, however, after further adjustment
for body mass index (BMI). In contrast, we observed inverse associations of monoethyl phthalate
(MEP) (p = -0.019; 95% CI -0.036, —0.001) and monobenzyl phthalate (MBzP) (b = -0.034;
95% CI -0.058, —0.010) with CRP levels only after adjustment for BMI. Other phthalate
biomarkers examined were not significantly associated with either CRP or IL-6 levels.

Conclusions—Overall, these results do not suggest an important role for phthalates in
promoting an inflammatory response. Future prospective studies are warranted to improve
understanding of these associations, particularly in clarifying the role of BMI.

Keywords
Phthalates; Biomarkers; Epidemiology; Postmenopausal; Inflammation; CRP; IL-6

Introduction

Mounting scientific evidence suggests potentially harmful relationships between phthalate
exposure and inflammation. Phthalates are man-made chemicals that are added to plastics
and can be found in many everyday household, personal care, medical, and child products.
(1) Detectable concentrations of urinary phthalate biomarkers are present among the vast
majority of the U.S. population and indicate wide variation in exposure.(2) Acute
inflammation is a normal response to a novel foreign substance in the body.(3) However,
chronic, systemic inflammation also can occur and is associated with rheumatoid arthritis,(4)
Alzheimer’s disease,(5) diabetes,(5,6) cancer,(5-7) cardiovascular disease,(6,8) and
osteoporosis.(9) These conditions are prevalent among postmenopausal women, thus
highlighting the importance of understanding inflammation and their sequelae in this
population
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Animal and cell-based studies report increases in the production of pro-inflammatory
cytokines in response to phthalate exposures.(10-17) Epidemiological studies also support
positive associations between urinary phthalate metabolite concentrations and allergic
conditions associated with heightened immune response, including asthma, rhinitis, and
eczema (17). The inflammatory effects of phthalates may be mediated through actions of
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB). Phthalate exposure
may activate NF-kB, which signals the production of pro-inflammatory cytokines, such as
interleukin-6 (IL-6).(13) NF-kB also is shown to stimulate production of c-reactive protein
(CRP), a marker of systemic inflammation, in a process mediated via IL-6 and interleukin 1
beta (IL-1B).(18) Additionally, phthalates may trigger inflammatory responses through their
interactions with the estrogen receptor (19) or PPARs, (20-21) as well as their induction of
oxidative stress. (22-23)

Epidemiological studies in young adult populations, largely within pregnancy cohorts,
indicate positive associations between some, but not all, phthalate biomarkers and CRP
and/or IL-6.(24-26) Furthermore, the direction of these associations is inconsistent across
studies. To our knowledge, prior studies have not examined relationships between urinary
phthalate biomarker concentrations and circulating levels of inflammatory biomarkers in
postmenopausal women. Postmenopausal women are of particular interest because they are
both highly exposed to phthalates, with creatinine-adjusted urinary biomarker concentrations
exceeding those among similarly aged males,(1) and also at potentially high risk for negative
health consequences if phthalate exposure increases inflammation. Our study is the first to
examine the relationship between phthalate exposure and inflammation in postmenopausal
women. We investigated the associations of thirteen urinary phthalate biomarkers with two
circulating inflammatory biomarkers (CRP, IL-6) using baseline data from a subset of
Women’s Health Initiative (WHI) participants.

Materials and Methods

Study Population

WHI is a large-scale national study of postmenopausal women.(27) WHI conducted three
clinical trials (CT) as well as a separate observational study (OS), enrolling a total of
161,808 postmenopausal women 50-79 years old at WHI baseline.(28,29) After the clinical
trials ended in 2005, consenting CT and OS participants have continued to provide follow-up
data. Study investigators also conducted a bone density study at three clinical sites, which
included 11,020 participants enrolled in the CT or OS and from whom a first morning void
spot urine sample was collected. Our nested case-control study selected invasive breast
cancer cases (N=419) and 2:1 matched controls (N=838) from among WHI bone density
sub-study participants.(28,30)

We included participants in the nested case-control study with baseline measures of 1)
urinary phthalate biomarker data, and 2) circulating CRP or IL-6 . Participants were
excluded if they were missing baseline covariate information. Inflammatory biomarker data
for our analyses were obtained from multiple, separate, WHI ancillary studies of selected
participants; data generated from these studies were returned to the WHI and incorporated
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into its data resource. Thus, our analysis includes 443 women (414 with CRP and 163 with
IL-6) selected from our nested case-control study (Figure 1).

Written informed consent was provided by participants upon WHI enroliment.(31)
Institutional review boards (IRB) at each clinical site approved the WHI, and our secondary
analysis was approved by the University of Massachusetts Amherst IRB. The involvement of
the Centers for Disease Control and Prevention (CDC) laboratory in the analysis of samples
did not constitute engagement in human subject research.

Measurement of urinary phthalate metabolites

Urinary phthalate metabolites were measured as a biomarker of phthalate exposure.
Participants collected first morning void urinary samples at home and refrigerated them until
their baseline visit scheduled for later that day. During the clinic visit, samples were
acquired, processed, and frozen in polypropylene cryovials by trained personnel until they
were ready for shipment to McKesson Bioservices (now Fisher Bioservices, Rockville,
MD), where they were stored at —80°C until transferred to research laboratories for
biomarker measurements. Participant samples used for the WHI nested-case control study
were sent from Fisher BioServices to the CDC for processing and analysis. Urine samples
were analyzed for thirteen phthalate metabolites (monoethyl phthalate [MEP], monobutyl
phthalate [MBP], mono-hydroxybutyl phthalate [MHBP], monoisobutyl phthalate [MiBP],
mono-hydroxyisobutyl phthalate [MHiBP], monobenzyl phthalate [MBzP],
monocarboxypropyl phthalate [MCPP], mono (2-ethylhexyl) phthalate [MEHP], mono (2-
ethyl-5-hydroxyhexyl) phthalate [MEHHP], mono (2-ethyl-5-oxohexyl) phthalate
[MEOHP], mono (2-ethyl-5-carboxypentyl) phthalate [MECPP], monocarboxyoctyl
phthalate [MCOP], and monocarboxynonyl phthalate [MCNP]) using enzymatic
deconjugation of the glucuronidated analytes, followed by assessment of exposure levels
using on-line solid phase extraction and high performance liquid chromatography-
electrospray ionization-tandem mass spectrometry. The laboratory was masked to disease
status and participant identity. Average of within-batch CVs were 5.4% for MBP, 6.1% for
MB2zP, 4.7% for MCNP, 6.3% for MCOP, 5.8% for MCPP, 4.3% for MECPP, 5.4% for
MEHHP, 19.5% for MEHP, 6.0% for MEOHP, 3.1% for MEP, 9.0% for MHBP, 21.9% for
MHIiBP, and 10.3% for MiBP.(28) Phthalate metabolite concentrations below the limit of
detection (LOD) were given a value equal to the limit of detection (LOD) / v2.(28) Only five
phthalate metabolites had samples whose concentrations were below the LOD (MBP =
0.07%, MEHP = 0.63%, MHBP = 0.43%, MHiBP = 1.56%, MiBP = 0.46%).(28) For
metabolites of the same parent compound, we created a summary biomarker by dividing
each metabolite of a single parent by its molecular weight and then summing across
metabolites.(28,32) Sum of di-n-butyl phthalate (XDBP) was calculated as the molar sum of
MBP and MHBP, sum of di-isobutyl phthalate (XDiBP) was calculated as the molar sum of
MiBP and MHiBP, and sum of di(2-ethylhexyl) phthalate (XDEHP) was calculated as the
molar sum of MEHP, MEHHP, MEOHP, and MECPP.(28)

Measurement of inflammatory biomarkers

Fasting blood samples were collected at baseline. Participants were asked to refrain from
smoking, taking aspirin or nonsteroidal anti-inflammatory drugs (NSAIDs), or partaking in
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strenuous physical activity for 48 hours prior to their visit. To separate plasma
(ethylenediaminetetraacetic acid [EDTA] or citrate) and serum from the blood, serum
samples were left to clot at 4°C for 1 hr. and all samples were centrifuged for 10 min.
Separated serum and plasma were aliquoted and frozen at —70°C for 2 hours prior to
shipping to McKesson Bioservices for storage at —80°C until transfer to research
laboratories for biomarker measurements.

Source (“raw”) CRP and IL-6 outcome data were from nine and six different research
laboratories, respectively, although assay methods were often similar across laboratories.
Details on the laboratories, original studies, assay methods, specimen type, and CV as well
as the number of observations included in the present analysis along with the distribution of
the measured CRP or I1L-6 values are provided in Supplemental Tables 1 and 2. Average
intra-assay CVs ranged from 1.9% to 9.2% for assays measuring CRP,(33) and 4% to 23%
for assays measuring IL-6.(33)

Inflammatory biomarker outcome harmonization

Initially, we explored whether the measured values of CRP or IL-6 varied by specimen type
or the laboratory in which the assays were performed. We fit linear regression models with
the biomarker as the dependent variable and the specimen type (i.e. serum, EDTA plasma, or
citrate plasma), laboratory, and days between sample collection and biomarker measurement
as independent variables (Supplemental Table 3). These analyses suggested variation in CRP
associated with days between sample collection and biomarker measurement and variation
in IL-6 associated with the laboratory.

We harmonized the measured biomarker values by fitting separate multiple predictor linear
regression models of the natural log transformed CRP and IL-6 values. These models
included age, smoking status, BMI, use of anti-inflammatory medications within 48 hours
prior to blood draw, laboratory, and storage time (i.e. the time between blood draw and
assay) as independent variables. The predicted values of In-CRP and In-IL-6 generated by
these models then were used as the dependent variables in our regression models to evaluate
associations between phthalate biomarkers and inflammatory biomarkers, as described
below. When a participant had more than one measurement of CRP or IL-6 available from
separate ancillary studies, we preferentially selected CRP measures made in serum and IL-6
measures made in EDTA plasma, given that these were most frequent specimen types used.
If a participant had multiple values available for a single biomarker and specimen type, we
randomly selected one for inclusion in these analyses.

Assessment of covariates

Sociodemographic and behavioral characteristics, as well as medical history were obtained
from self-report using a questionnaire. Physical measurements (e.g. height, weight) were
conducted by trained staff and participants’ current medications were recorded by a research
nurse. Information on all potential covariates were ascertained at baseline. We included age,
(24,34,35) urine creatinine,(24) race/ethnicity,(24,26) neighborhood socioeconomic status
(SES) index,(35) smoking status,(35) alcohol intake,(35) physical activity, (28,36) and
BMI(24-26,35) as potential covariates based on prior epidemiological studies.

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 May 01.
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Neighborhood SES index is a composite measure calculated using the following variables:
1) percentage of adults older than 25 with less than a high school education, 2) percentage of
male unemployment, 3) percentage of households with income below the poverty line, 4)
percentage of households receiving public assistance, 5) percentage of households with
children headed only by a female, and 6) median household income.(37)

Statistical analysis

Results

In two sets of main analyses, we performed multiple variable linear regression to estimate
the associations of the dependent variable defined as circulating CRP (n=414) and IL-6
(n=163), respectively, in relationship to phthalate exposures, crudely and after adjustment
for selected covariates. Phthalate biomarkers (i.e. individual metabolites or their molar sums)
and inflammation biomarkers were natural log transformed to improve normality; geometric
means were calculated on phthalate biomarkers standardized by creatinine to account for
differences in urinary dilution. In preliminary analyses, we compared our CRP outcome
(n=414) and 1L-6 outcome (n=163) samples with each other and with participants in the
bone mineral density sub-study (n=11,020). Descriptive statistics and independent group’s
hypothesis tests (chi square or T tests) were calculated as appropriate. In our main analyses,
for each dependent variable and each primary phthalate predictor, we estimated two multiple
variable predictor models: “Model 1” and “Model 1 + BMI”. If BMI lies on the causal
pathway, then adjustment for BMI in our analysis of phthalate biomarkers and inflammatory
biomarkers would be inappropriate. Therefore, we decided a priori to adjust for a set of
potential confounders and then to separately examine the impact of further adjustment for
BMI. “Model 1” investigated the association of the dependent variable with the phthalate
predictor of interest adjusted for selected confounding. “Model 1 + BMI” was fit to
investigate the hypothesized role BMI as confounder of g priori interest. In selecting
covariates for inclusion in “Model 1”, we included variables that produced =10% change in
the estimated beta for the phthalate predictors. This yielded as control variables: age, urinary
creatinine, neighborhood SES index, alcohol intake, and smoking status. As this was a
hypothesis generating analysis, we did not adjust for multiple comparisons. As a sensitivity
analysis, we repeated our multivariable linear regression analyses using participants who
were not habitual non-steroidal anti-inflammatory drug (NSAID) users (i.e. salicylates [and
salicylate combinations], cyclooxygenase 2 [COX-2] inhibitors, phenylbutazones, NSAIA
combinations, HMG-COA Reductase Inhibitors [and HMG-COA Reductase Inhibitor
combinations]). Because CVs for some IL-6 assays were high and thus may have generated
unreliable results, we repeated analyses for IL-6 including data from assays with CVs <15%
(N=91). All analyses were performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Bone density sub-study participants with available CRP and/or IL-6 values were generally
similar to the overall bone density sub-study population (Table 1). Bone density sub-study
participants with CRP values were more likely to be non-white and have a lower educational
level than those without CRP values. Similarly, bone density sub-study participants with
IL-6 values were more likely to be have a lower education level than those without IL-6

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 May 01.
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values. The distributions of phthalate biomarkers, CRP, and IL-6 are presented in Table 2
and indicate variability in these measurements within our population.

Most phthalate biomarkers were not statistically significantly associated with circulating
CRP or IL-6 levels after adjustment for covariates (Table 3). However, we did observe
statistically significant, positive associations between MCNP and CRP (p = 0.092; 95% ClI
0.026, 0.158) and IL-6 (p = 0.0092; 95% CI —.0003, 0.186) in Model 1; these associations
were attenuated and non-significant with additional adjustment for BMI. A borderline
significant association between MCOP and CRP was observed in Model 1 (f = 0.063; 95%
Cl -0.003, 0.129); this also was attenuated and non-significant with additional adjustment
for BMI. We observed a statistically significant, negative association between MEP and CRP
(b =-0.019; 95% CI -0.036, —0.001) as well as between MBzP and CRP (b = —0.034; 95%
Cl -0.058, —0.010) only in models adjusted for BMI. We observed similar results when
repeating analyses among participants who did not habitually use NSAIDs (Supplemental
Table 6), except for a borderline significant positive association between DiBP and IL-6, and
when restricting analyses to 1L-6 results from assays with CVs less than 15% (Supplemental
Table 7).

Discussion

Overall, we did not observe strong associations between urinary phthalate biomarkers and
CRP or IL-6 in our sample of postmenopausal women from WHI. MCNP was significantly,
positively associated with CRP and IL-6, with each 10% increase in urinary MCNP
associated with a 0.9% higher CRP or IL-6; however, these associations were attenuated
after adjustment for BMI. These findings differ from those of Ferguson ef a/(2014) in a
population of pregnant women, who reported higher IL-6 levels (%A = 16.8, 95% CI: 2.69,
32.9, p=0.02) and CRP levels (%A = 10.1, 95% CI: -0.86, 22.2, p=0.08) associated with an
increase of 2.4 ng/mL in MCNP, while adjusting for BMI.(25) We found statistically
significant, negative associations of MEP and MBzP with CRP only after adjustment for
BMI. In a study of participants from the National Health and Nutrition Examination Survey
(NHANES),(24) Ferguson et a/ (2011) also reported negative associations between MEP and
CRP (B per 1 mg/L increase in MEP = -0.020; 95% CI —0.040, 0.0003, p=0.05), yet a
positive association between MBzP and CRP. The substantial differences in study population
across these studies and ours (i.e. pregnant women, randomly selected healthy adults, and
postmenopausal woman) likely affect the underlying presence of inflammation, and possibly
biasing results toward null associations in populations with elevated inflammation due to
pregnancy or aging. Additional research will be helpful in determining whether true
direction of association as well as the biological mechanisms underlying such associations.

The parent phthalate of MCNP is used as a component of food packaging materials.(38,39)
Similarly, MEP is a metabolite of diethyl phthalate and MBzP is a metabolite of benzylbutyl
phthalate (BBP), which is often used to add flexibility to food packaging.(40-42) As such,
confounding by BMI is possible, given that packaged and processed foods are associated
with obesity, which is itself positively associated with inflammation.(6) Alternatively, there
is growing evidence that phthalates directly affect weight gain,(43,44) and thus obesity may
be a step on the causal pathway linking phthalates to inflammation. We observed that

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 May 01.
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associations between MCNP and inflammatory markers were attenuated when adjusting for
BMI, indicating that at least some of the association between phthalate exposure and
inflammation may be through a pathway that includes elevated BMI. Future prospective
studies will be useful in clarifying these mechanisms.

We observed null findings across all other phthalate biomarkers, which differs from prior
epidemiological studies reporting statistically significant associations between MiBP,
MEHHP and CRP levels,(24) as well as between MCPP and IL-6 levels.(26) Our analysis
included only a single measurement of each urinary phthalate biomarker, while other studies
incorporated up to 4 repeated measurements. Because phthalates are quickly metabolized,
with a half-life of 3 to 18 hours,(45) a single urine sample may not accurately reflect
participants’ long-term exposure. This high within-person variability leads to non-
differential misclassification, and therefore an attenuation of associations.

Our results must be interpreted in the context of additional limitations, notably our reliance
on inflammatory biomarker levels that were derived from multiple WHI ancillary studies. It
is possible that by design our sample population is not representative of the WHI study
population or the general population. Although we used baseline measurements in which
participants were free of disease, incidence of future disease is likely to be higher in our
subsample than in the WHI study population due to the sampling criteria of the ancillary
studies. Compared to the WHI bone density sub-study from which our participants were
selected, at enrollment our sample differed significantly by race/ethnicity and education
level but no other characteristics. The small number of participants in racial/ethnic
subgroups prohibits within-subgroup analyses, although our results should be broadly
generalizable to the population of U.S. women. Further, although the biological mechanism
between phthalate exposure and inflammation is not established, we do not expect that
mechanisms linking phthalate exposure to inflammation would vary by age, race/ethnicity,
or SES. Thus, our results are likely to be externally valid. While not statistically significant,
we also observed variation in inflammatory biomarker levels by specimen type, lab, assay
method, and storage time. Importantly, some assays for IL-6 reported high CVs, which may
have introduced measurement error; however, our results were similar in analyses restricted
to IL-6 measurements derived from assays with CV<15%. We used regression modeling to
harmonize assay measurements across studies, although, it is possible that some
measurement error remains among our predicted CRP and IL-6 values. Lastly, our sample
size was moderate, especially for the IL-6 analyses.

There are several strengths to our analysis. First, this is the only study found in published
literature to assess associations between phthalate biomarkers and inflammatory markers
among postmenopausal women. As postmenopausal women are at higher risk for developing
inflammation-related chronic conditions (e.g. diabetes, rheumatoid arthritis, etc.), women in
this age group could be especially at risk for inflammatory effects triggered by phthalate
exposure, if any. Second, we were able to adjust for a large number of confounders in our
analyses, although residual confounding is a potential concern in any study. Also, we
measured phthalate biomarker data using a validated assay at a highly experienced
laboratory.

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 May 01.
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5. Conclusion

Overall, our study does not suggest an important role for phthalates in promoting an
inflammatory response. We did observe some statistically significant results that merit
further study along with careful consideration of the role of obesity. Importantly, these
results should be interpreted in light of the limitations noted, including lack of temporality
and potential effects from combining measurements of CRP and IL-6 made from different
laboratories. Further work in large, prospective studies with multiple assessments of
phthalate biomarkers, adiposity and inflammatory phenotypes will be helpful for
understanding whether phthalate exposure could affect inflammation in older women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study population ascertainment for the analysis of phthalate exposure and inflammation

biomarker levels in postmenopausal women
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Distribution of baseline sociodemographic and behavioral characteristics in our sub-sample of Women’s
Health Initiative (WHI) participants compared to the bone mineral density (BMD) sub-study from which they

were selected

CRP sample a IL-6 sample (n=163) a BMD sample
(n=414) p-value p-value (n=11,020)
Age, years; Mean (SD) 63.1(7.0) 0.98 63.5 (6.5) 0.51 63.2 (7.4)
White; N (%) 247 (59.7) <.0001 119 (73.0) 0.25 8,454 (76.8)
Education level; N (%) <.0001 <.0001
Less than high school degree 121 (29.5) 44 (27.7) 993 (9.1)
Post high school/some college 155 (37.8) 57 (35.9) 6,613 (60.4)
College degree or higher 134 (32.7) 58 (36.5) 3,342 (30.5)
Annual Income <$35,000; N (%) 214 (54.6) 0.63 80 (52.3) 0.38 5,704 (55.8)
Alcohol intake; N(%) 0.78 0.54
0 drinks per week 164 (39.6) 57 (35.0) 4,276 (39.2)
<1 drink per week 141 (34.1) 61 (37.4) 3,538 (32.4)
1-6 drinks per week 76 (18.4) 31 (19.0) 2,215 (20.3)
7+ drinks per week 33(8.0) 14 (8.6) 889 (8.1)
Smoking status; N (%) 0.32 0.27
Never smoked 241 (58.2) 83 (50.9) 5,932 (54.6)
Past smoker 144 (34.8) 70 (42.9) 4,047 (37.2)
Current smoker 29 (7.0) 10 (6.1) 888 (8.2)
Body mass index, kg/mZ; Mean (SD) 28.7 (6.0) 0.14 28.4 (5.5) 0.76 28.3 (6.0)
Physical activity level, MET hrs/week; 11,5 (13.5) 0.97 12.1(13.6) 0.53 11.4 (13.8)
Mean (SD)
Current NSAID use; N(%) 173 (41.2) 0.94 75 (46.0) 0.30 4,626 (42.0)

Abbreviations used: NSAID, nonsteroidal anti-inflammatory drug; SES, socioeconomic; MET, metabolic equivalent; BMD, bone mineral density

ap-values are for the comparison of CRP and IL-6 samples to the BMD sample
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Distribution of baseline creatinine-standardized urinary phthalate biomarker concentrations and circulating

inflammatory biomarker levels in the Women’s Health Initiative (WHI) Study (n:443)a’b

Biomarkers® Mean SD Min 25" percentile 75" percentile  Max
DEHP, umol/g creatinine  0.0033  0.0050  0.0002 0.0016 0.0038 0.083
DBP, umol/g creatinine 0.0025 0.0029  0.0001 0.0010 0.0031 0.036
DiBP, umol/g creatinine ~ 0.0003  0.0004  0.00003 0.0001 0.0003 0.0046
MEP, ug/g creatinine 3.76 12.57 0.088 0.54 2.59 130.05
MBzP, ug/g creatinine 0.23 0.24 0.013 0.099 0.27 2.15
MCPP, ug/g creatinine 0.061  0.088  0.0072 0.028 0.062 1.15
MCORP, ug/g creatinine 0.084 0.19 0.0090 0.032 0.077 2.56
MCNP, ug/g creatinine 0.059 0.14 0.0067 0.023 0.056 2.37
crp, mgiL? 288 181 0.46 2.02 4.04 27.03
IL-6, pg/mL® 208 163 0.92 151 2.43 13.02

a., .. .. . - .
Statistics for phthalate biomarkers were calculated on natural log-transformed values and were back-transformed to original scale for presentation

b, .. .. . . .
Statistics presented for inflammatory biomarkers are based on the harmonized data

CZDBP was calculated as the molar sum of MBP and MHBP; ZDiBP was calculated as the molar sum of MiBP and MHiBP; DEHP was

calculated as the molar sum of MEHP, MEHHP, MEOHP, and MECPP

dn =414

fn=163

Abbreviations used: MEP, mono-ethyl phthalate; MBzP, monobenzyl phthalate; MCOP, monocarboxyoctyl phthalate; MCNP, monocarboxynonyl
phthalate; MCPP, mono(3-carboxypropyl) phthalate; DBP, di-n-butyl phthalate; DiBP, di-isobutyl phthalate; DEHP, di(2-ethylhexyl) phthalate;
CRP, C-reactive protein; IL-6, interleukin-6
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