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Good morning

I will be talking to you today about our study of oxidative stress and inflammatory markers in relation to urinary phthalate metabolites in the National Health and Nutrition Examination Survey
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Environmental exposure to phthalates

O

e Phthalate production estimated at over 470 million

tons per year (US EPA 2006)

o High molecular weight (HMW) phthalates used as plasticizers
In medical tubing, vinyl flooring, shower curtains, rain jackets,
plastic bags etc.

o Low molecular weight (LMW) phthalates used as solvents and
In personal care products like soap, deodorants and lotions

e Exposure occurs primarily through ingestion of
contaminated food and water (HMW), and
secondarily through inhalation of contaminated air
(LMW) (CDC 2011)
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Phthalates are on the EPA Priority List of Hazardous Substances because of both their pervasiveness in the environment and their association with a range of adverse health outcomes in epidemiologic studies
They are used both as plasticizers in products such as medical tubing and vinyl flooring, and also as solvents in perfumes and other personal care products
Exposure is thought to occur primarily through ingestion of contaminated food and water as well as through inhalation of contaminated air
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Phthalates are associated with multiple adverse
health outcomes

O

Reproductive

Phthalates health

Thyroid
function

Asthma and Birth
allergies outcomes
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The other reason for concern over phthalates is their association with a wide range of adverse health outcomes in humans
For example, they are associated with reproductive health outcomes in both males and females
Altered thyroid hormone levels
Duration of pregnancy and neurodevelopmental effects in newborns
And asthma and allergies
Our research group is particularly interested in phthalate relationship with birth outcomes, as we are involved with a project investigating the relationship between exposure and preterm birth in a Puerto Rican population.
In this study, our focus was to investigate oxidative stress and inflammation as potential intermediary steps between phthalate exposure and these health outcomes


Potential mediators of phthalate effects

O

e Oxidative stress and inflammation have been implicated
as mechanistic intermediates in in vitro and animal
studies

e Several recent epidemiologic studies have demonstrated
assoclations with phthalate exposure in humans using
various markers

e Here we examined relationships between phthalate
metabolites and changes in systemic oxidative stress and
Inflammation, as indicated by particular biomarkers :

o Oxidative stress: Bilirubin

o Inflammation: Alkaline phosphatase (ALP), absolute
neutrophil count (ANC) and adjusted ferritin
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Both in vitro and animal studies have shown that phthalates can induce both oxidative stress and inflammation, though the mechanism is still unclear.
Also, importantly, there have been some recent studies in human populations showing exposure to some phthalate metabolites to be associated with increased oxidative stress and inflammation. However most of these studies have used a variety of markers, some of which are difficult or expensive to use in large population-based studies.
This analysis is an exploration of phthalate association with several markers for oxidative stress and inflammation that have not been explored in this context.
For oxidative stress we examined bilirubin levels;
And for inflammation we examined levels of alkaline phosphatase, absolute neutrophil count, and adjusted ferritin, which is ferritin divided by percent transferrin to adjust for iron status
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e Study population: NHANES 1999-2006 (N=10,026)

o Spot urine samples taken for phthalate exposure measures
o Blood serum or plasma used for assessing outcome levels
o Covariates: Age, sex, race/ethnicity, poverty income ratio
(PIR), serum cotinine and urinary creatinine

e Statistical analysis
o Performed using SAS version 9.2 (SAS institute, Cary, NC)
o Descriptive statistics
o Multivariable regression models
o Quintile analysis to examine non-linear relationships
o Stratified analysis by age group, sex and race/ethnicity
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As I said previously we performed our analysis in an NHANES population with 4 dataset pooled from 1999-2006, with a final sample size of about 10,000
This number excluded pregnant women, who we examined separately, as well as subjects with outlying values for outcome measurements
Phthalate metabolite exposure was assessed with measurements from a spot urine sample
And blood serum or plasma was used for measuring outcome levels
The covariates we included in our multivariate regression models included age, sex, race and ethnicity, poverty income ratio as a measure of socioeconomic status, serum cotinine as an indicator of smoking status, and creatinine to adjust for urinary dilution
Alcohol use and education level were also considered in our models but were not inlcuded because of lack of association with urinary phthalate metabolites and because there were high numbers of missing values
Time of day of sample collection was also considered, but upon adding this variable into models few coefficients changed by greater than 10% so in the end it was not included

Following descriptive analyses to look at population distributions of exposure and outcome variables, we ran multivariable regression models to examine associations of each individual phthalate metabolite with each outcome measure, adjusting for the above covariates.
We then performed a quintile analysis to examine changes in outcome levels with increasing phthalate metabolite quintile;
And lastly, we stratified our models by age group, sex and race and ethnicity to look for any differences.

Lastly I should point out, for those of you who aren’t familiar with NHANES data, it is not a simple random sample. It is a complex multistage probability sampling design that uses oversampling of certain subgroups to obtain reliable measures in those groups. In analysis, weightings are used to adjust for this oversampling so that results are generalizable to the US population.
We applied these weightings in our descriptive analysis, but not in our multivariable regression models for several reasons. First, and most, importantly, results were similar in both weighted and unweighted models. 
And second, because in large dataset such as this one use of weights can be inefficient, especially when weighting variables, such as age and race and ethnicity, are included in models. 



PIR: ratio of income to the family’s appropriate poverty threshold.
Adjusted ferritin: Ferritin/%transferrin to adjust for iron status


Results: Descriptive statistics
O
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compound | Metabolite | measured N % > LOD mean Median
DEHP MEHP 1999-2006 10031 80.6 2.99 2.76

MEHHP 2001-2006 7600 99.2 21.2 18.3

MEOHP 2001-2006 7600 98.3 13.9 12.1

MECPP 2003-2006 4930 99.9 35.0 30.0
DBP MnBP 2001-2006 7600 99.1 18.9 18.2

MiBP 2001-2006 7600 90.7 3.57 3.57
DEP MEP 1999-2006 10026 99.9 167 145
BzBP MBzP 1999-2006 10031 98.6 13.0 12.6
DOP MCPP 2001-2006 7600 96.5 2.43 2.34
DiDP MCNP 2005-2006 2417 91.5 2.67 2.48
DiNP MCOP 2005-2006 2417 96.3 5.29 4.56
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Here is a table of the distribution of phthalate metabolite levels in our population. These are both weighted and creatinine adjusted.
You can see that there are some differences in years measured by phthalate, as in later years more metabolites were analyzed. This resulted in widely varying sample sizes for each individual model. 
In the 5th column you can see the percent of measurements that were above the limit of detection. Four metabolites that were analyzed were excluded from our analysis because less than 25% were above this level, and those were MCHP, MiNP, MnOP and MnMP.
And in the last columns, you can see the geometric mean and median for each metabolite, presented in ug/g creatinine. You can see there is a wide range of distributions by metabolite, with some measuring about 3 ug/g creatinine and the highest, MEP, measuring at around 170 ug/g creatinine.



Results: Oxidative stress

O

e Bilirubin inversely associated with all phthalate
metabolites except MCNP and MCOP
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For the multivariate results, I’ll first describe those related to oxidative stress, where we used bilirubin as a marker.
Bilirubin is a potent antioxidant that acts as a scavenger of reactive oxygen species, and hence decreased levels are associated with increases in oxidative stress.
In our models we observed bilirubin to be significantly and inversely associated with all phthalate metabolites, except for MCNP and MCOP which had much smaller sample sizes
Our quintile analysis showed relatively monotonic increases in percent change in bilirubin with increasing metabolite quintile
And as you can see here, the greatest effect was for MCPP. An interquartile range increase in this metabolite corresponded to a 6% decrease in bilirubin level.



MCNP/MCOP sample size = 2000


Results: Inflammation

O

-  Positively associated with MEHHP, MEOHP,
Alkaline MnBP, MiBP, DBPCOM, MBzP, MCPP and
MCNP (p<0.01)

 Inversely associated with MEHP and MEP

phosphatase

Absolute e Positively associated with MEHHP, MEOHP,

neutrophll I(\él)zl?)l_jdll;/”BP’ DBPCOM, MBzP and MCPP

count » No significant inverse relationships

" « Positively associated with MEHP, MEHHP and
Adj USted MEOHP (p<0.05)

ferritin e Inversely associated with MEP
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We also observed several significant associations between phthalate metabolite levels and our markers of inflammation.
For alkaline phosphatase, we observed significant positive associations with the phthalates listed here.
For this inflammation measure we observed some of the most dramatic changes in association with metabolite level. For example, an interquartile range increase in MBzP corresponded to a 13.8% increase in alkaline phosphatase.
For absolute neutrophil count we similarly observed many positive associations, 
Lastly, for ferritin, we observed positive associations with MEHP, MEHHP and MEOHP. It is interesting to note that this was the only inflammatory marker to be significantly associated with MEHP, which is one of the phthalate metabolites thought to be most toxic.


Stratified analyses:
ALP: No differences by age group or sex, but by race/ethnicity we observed that relationships with MEHHP and MEOHP were only significant in Mexican Americans.
ANC: No differences.
Adjusted ferritin: No differences.
Fibrinogen sample size = 1871




Discussion: Oxidative stress

e Reliability as a marker

o Decreased bilirubin highly correlated with 8-OHdG (Tsukahara et al.
2003; Yoshida et al. 2001)

o At lower levels correlated with MDA (Shekeeb et al. 2008)

o In the present study, only slight correlated with
gammaglutamyltransferase (GGT), and in the opposite direction
expected

e Evidence for a phthalate relationship—past and present

o Past studies have indicated MEHP, MEHHP and MEP are inducers
of oxidative stress in humans, as they have been related to increased
sperm DNA damage, urinary 8-OHdG and MDA and serum GGT
(Hauser et al. 2007; Hong et al. 2009; Ferguson et al. 2011)

o In the present study the same metabolites (except MEP) and several
more are associated with bilirubin
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There are a couple of things I’d like to focus on as we try to interpret these results.
First, we’d like to think about the reliability that each of these markers offer, 
And second, we’d like to examine the past and present evidence for a phthalate association with these physiological changes in humans.
For oxidative stress, bilirubin does appear to be a plausible marker.
Decreased bilirubin has been highly correlated in other studies with other markers of oxidative stress, including 8-hydroxydeoxyguanosine and malondialdehyde.

In regards to the second point, the evidence from bilirubin in this study and the results from studies with other markers suggest that there is a relationship between phthalate metabolite exposure and oxidative stress in humans
In past studies the metabolites MEHP, MEHHP and MEP have been associated with increased urinary 8-OHdG and MDA, with serum GGT, and with the potential downstream effect of sperm DNA damage
In the present study we confirmed the associations with MEHP and MEHHP, though we failed to do so with MEP, and have indicated that several other phthalate metabolites may be associated with increased oxidative stress as well.



Discussion: Inflammation

Absolute neutrophil Adjusted ferritin

Alkaline phosphatase

count
 Positive correlation e Used in several e Acute phase protein
with C-reactive studies as a marker indicative of
protein (CRP) of inflammation in inflammatory
(Webber et al. 2010) response to response, similar to
e Consistent with environmental CRP (Northrop-
previous results of exposures (Frost- Clewes 2008)
positive association Pineda et al. 2011; « Slightly smaller
between CRP and Yang et al. 2009) sample size
MBzP and MiBP e Consistent with (N<5303), but
(Ferguson et al. previous results and significant
2011) additional phthalate associations
e Additional metabolites observed with all
associations Indicated to be DEHP metabolites
observed associated with
inflammation
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Next I’ll address the same two points of reliability and evidence for association for each of our inflammation markers.
First, alkaline phosphatase is traditionally used as marker of liver damage and disease, but it has been suggested to also be a marker of inflammation and has been used in studies of association with bisphenol A, cadmium and lead. 
The positive associations observed in this study with MBzP and MiBP are consistent with results from a previous analysis we did where observed positive associations between these metabolites and C-reactive protein, another marker of inflammation.

Absolute neutrophil count and ferritin, though generally used as inflammatory markers of the acute phase response to infection or injury, have also been used in some studies of association with environmental exposures.
The results from absolute neutrophil count are consistent with previous studies of phthalate exposure and inflammation, and though we observed slightly fewer associations that reached statistical significance for ferritin this may have been due to a slightly smaller sample size for this outcome measure.

Overall, we see that these markers may be useful as indicators of inflammation in relation to phthalate and perhaps other environmental exposures in large studies such as NHANES, and that many phthalate metabolites are associated with increases in these markers.


Conclusions and future directions

O

e Phthalate metabolites MBzP, MCPP, and the metabolites
of DEHP and DBP are associated with biomarkers
Indicative of increased inflammation and oxidative stress

e ALP, ANC and adjusted ferritin may be useful markers of
Inflammation, and bilirubin a useful marker of oxidative
stress, In the study of health impacts of other low-dose
environmental chemical exposures

e Future directions:

o Use more robust study designs with longitudinal information and
repeat urine samples for exposure assessment

o Examine associations in sensitive subgroups
o Explore other potential markers in large population-based studies
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So in conclusion, we’ve targeted the metabolites MBzP, MCPP, the metabolites of DEHP and DBP as being associated with biomarkers indicative of increased inflammation and oxidative stress
We furthermore believe that bilirubin may be a useful marker of oxidative stress in response to environmental exposures in large population-based studies, and that alkaline phosphatase, absolute neutrophil count and ferritin may be similarly be useful markers of inflammation.
In the future, we plan to take several steps to enhance our understanding of the relationship between phthalates and these outcomes.
First, we’ll use more robust study designs with longitudinal information to try to establish a causative effect;
We’ll attempt to examine these associations in sensitive subgroups of the population;
And finally we’ll further explore these and other markers in large studies to determine which may be best in examining these relationships.
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Thank you, and I’ll take any questions you might have.

Unexpected relationships: 
MEHP: Inverse association with ALP, lack of association with ANC
Positively associated with adjusted ferritin, inversely associated with bilirubin
MEP: Inverse association with ALP and adjusted ferritin
Lack of association with bilirubin or ANC
Explanation: For these metablites, which have been hypothesized to be some of the most toxic of the phthalate metabolites, the inverse relationships could be a result of interferences caused by marker capture of other physiologic effects, for example liver function and cytotoxicity.
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