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This supplemental file contains the data quality evaluation results for epidemiology data sources that met the PECO screen-
ing criteria and further filtering criteria for the Human Health Hazard Assessment for Diethylhexyl Phthalate (DEHP). EPA
conducted data quality evaluation based on author-reported descriptions and results; additional analyses (e.g., statistical anal-
yses performed during data integration into the risk evaluation) potentially conducted by EPA are not contained in this sup-
plemental file. EPA used the TSCA systematic review process described in the Draft Systematic Review Protocol Supporting
TSCA Risk Evaluations for Chemical Substances (also referred to as 2021 Draft Systematic Review Protocol’). Any updated
steps in the systematic review process since the publication of the 2021 Draft Systematic Review Protocol are described in the
Risk Evaluation for Diethylhexyl Phthalate (DEHP) — Systematic Review Protocol.
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(MECPP); Mono-[2-(carboxymethyl)hexyl]phthalate (MCMHP)]

4728500 Huang, H. B., Kuo, P. L., Chang, J. W., Jaakkola, K., J.J., Liao, K. W., Huang, P. C. (2018). Longitudinal assessment of prenatal phthalate 499
exposure on serum and cord thyroid hormones homeostasis during pregnancy - Tainan birth cohort study (TBCS). Science of the Total
Environment 619-620(Elsevier):1058-1065.
Metabolite: Sum DEHP metabolites [Mono-ethylhexyl phthalate (MEHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-carboxypentyl)phthalate
(MECPP)]

4728666 Buckley, J. P., Quirds-Alcald, L., Teitelbaum, S. L., Calafat, A. M., Wolff, M. S., Engel, S. M. (2018). Associations of prenatal environmen- 502
tal phenol and phthalate biomarkers with respiratory and allergic diseases among children aged 6 and 7years. Environment International
115:79-88.

10294569 Burns, J. S., Sergeyev, O., Lee, M. M., Williams, P. L., Minguez-Alarcon, L., Plaku-Alakbarova, B., Sokolov, S., Kovalev, S., Koch, H. 510

M., Lebedeyv, A. T., Hauser, R., Korrick, S. A., Study, R.C. (2022). Associations of prepubertal urinary phthalate metabolite concentrations
with pubertal onset among a longitudinal cohort of boys. Environmental Research 212(Pt A):113218.
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9419487 Shoaff, J. R., Coull, B., Weuve, J., Bellinger, D. C., Calafat, A. M., Schantz, S. L., Korrick, S. A. (2020). Association of exposure to 514
endocrine-disrupting chemicals during adolescence with attention-deficit/hyperactivity disorder-related behaviors. JAMA Network Open
3(8):e2015041.

Metabolite: Sum DEHP metabolites [Mono-ethylhexyl phthalate (MEHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)]

4829228 Arbuckle, T. E., Agarwal, A., Macpherson, S. H., Fraser, W. D., Sathyanarayana, S., Ramsay, T., Dodds, L., Muckle, G., Fisher, M., Foster, 518
W., Walker, M., Monnier, P. (2018). Prenatal exposure to phthalates and phenols and infant endocrine-sensitive outcomes: The MIREC
study. Environment International 120:572-583.

4829224 Geller, R. J., Brotman, R. M., O’Brien, K. M., Fine, D. M., Zota, A. R. (2018). Phthalate Exposure and Odds of Bacterial Vaginosis Among 522
U.S. Reproductive-Aged Women, NHANES 2001-2004. Reproductive Toxicology 82(Elsevier):9-Jan.

5041285 Vafeiadi, M., Myridakis, A., Roumeliotaki, T., Margetaki, K., Chalkiadaki, G., Dermitzaki, E., Venihaki, M., Sarri, K., Vassilaki, M., 525
Leventakou, V., Stephanou, E. G., Kogevinas, M., Chatzi, L. (2018). Association of Early Life Exposure to Phthalates With Obesity and
Cardiometabolic Traits in Childhood: Sex Specific Associations. Frontiers in Public Health 6(NOV):327.
Metabolite: Sum of DEHP metabolites [Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-ethylhexyl
phthalate (MEHP)]

4728401 Nakiwala, D., Peyre, H., Heude, B., Bernard, J. Y., Béranger, R., Slama, R., Philippat, C. (2018). In-utero exposure to phenols and 528
phthalates and the intelligence quotient of boys at 5 years. Environmental Health 17(1):11.

Metabolite: Sum of DEHP metabolites [Mono-ethylhexyl phthalate (MEHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-carboxypentyl)phthalate
(MECPP)]

4728491 Zhu, Y., Wan, Y., Zhang, B., Zhou, A., Huo, W., Wu, C., Liu, H., Jiang, Y., Chen, Z., Jiang, M., Peng, Y., Xu, S., Xia, W., Li, Y. (2018). 531
Relationship between maternal phthalate exposure and offspring size at birth. Science of the Total Environment 612:1072-1078.
Metabolite: sum of four DEHP metabolites: Mono-(2-ethylhexyl) phthalate (MEHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-
carboxypentyl)phthalate (MECPP)

7978414 Zettergren, A., Andersson, N., Larsson, K., Kull, I., Melen, E., Georgelis, A., Berglund, M., Lindh, C., Bergstrom, A. (2021). Exposure to 534
environmental phthalates during preschool age and obesity from childhood to young adulthood. Environmental Research 192:10249-10249.

Metabolite: Sun DEHP metabolites [Mono-ethylhexyl phthalate (MEHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-carboxypentyl)phthalate
(MECPP); Monocyclohexyl phthalate (MCHP)]

4728711 Stroustrup, A., Bragg, J. B., Andra, S. S., Curtin, P. C., Spear, E. A., Sison, D. B., Just, A. C., Arora, M., Gennings, C. (2018). Neonatal 537
intensive care unit phthalate exposure and preterm infant neurobehavioral performance. PLoS ONE 13(3):e0193835.

Mixture: Sum DEHP metabolites [Mono-ethylhexyl phthalate (MEHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP); Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)]

4829228 Arbuckle, T. E., Agarwal, A., Macpherson, S. H., Fraser, W. D., Sathyanarayana, S., Ramsay, T., Dodds, L., Muckle, G., Fisher, M., Foster, 540
W., Walker, M., Monnier, P. (2018). Prenatal exposure to phthalates and phenols and infant endocrine-sensitive outcomes: The MIREC
study. Environment International 120:572-583.

4829224 Geller, R. J., Brotman, R. M., O’Brien, K. M., Fine, D. M., Zota, A. R. (2018). Phthalate Exposure and Odds of Bacterial Vaginosis Among 544
U.S. Reproductive-Aged Women, NHANES 2001-2004. Reproductive Toxicology 82(Elsevier):9-Jan.

5041285 Vafeiadi, M., Myridakis, A., Roumeliotaki, T., Margetaki, K., Chalkiadaki, G., Dermitzaki, E., Venihaki, M., Sarri, K., Vassilaki, M., 547
Leventakou, V., Stephanou, E. G., Kogevinas, M., Chatzi, L. (2018). Association of Early Life Exposure to Phthalates With Obesity and
Cardiometabolic Traits in Childhood: Sex Specific Associations. Frontiers in Public Health 6(NOV):327.
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Study Citation: Bamai, Ait, Y., Araki, A., Nomura, T., Kawai, T., Tsuboi, T., Kobayashi, S., Miyashita, C., Takeda, M., Shimizu, H., Kishi, R. (2018). Association
of filaggrin gene mutations and childhood eczema and wheeze with phthalates and phosphorus flame retardants in house dust: The Hokkaido study on
Environment and Children’s Health. Environment International 121(Pt 1):102-110.

Health Skin/Connective Tissue- Eczema, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Parent compound

HERO ID: 4829235

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium Recruitment is properly reported in this study. This cross-sectional study examined the

associations between exposure to phthalates, phosphorus flame retardants (PFRs) and
mite allergens in house dust with outcomes of age 7 eczema and wheeze in Japanese
children. Participants were limited to children recruited for the Hokkaido study on En-
vironment and Children’s Health (Hokkaido cohort), with specific recruitment details
reported in previous studies. Authors provide a detailed inclusion and exclusion crite-
ria, which included children who reached the age of 7 by March of 2013, mothers who
received and returned the follow-up questionnaire for 7-year old children, mothers who
collected and returned household dust samples, and children who had cord blood FLG
mutation assessments. There is uncertainty as this limited the initial 20,926 children
enrolled in the Hokkaido study to 296 children, however the demographic and building
characteristics of the children within the original cohort and those included within the
current study were reported within Supplemental material and were comparable with re-
spect to most factors other than building age, maternal smoking and household income.

Domain 2: Exposure Characterization

Continued on next page...

Page 13 of 549



Diethylhexyl Phthalate

Human Health Hazard Epidemology Evaluation HERO ID: 4829235 Table: 1 of 1

...continued from previous page

Study Citation: Bamai, Ait, Y., Araki, A., Nomura, T., Kawai, T., Tsuboi, T., Kobayashi, S., Miyashita, C., Takeda, M., Shimizu, H., Kishi, R. (2018). Association
of filaggrin gene mutations and childhood eczema and wheeze with phthalates and phosphorus flame retardants in house dust: The Hokkaido study on
Environment and Children’s Health. Environment International 121(Pt 1):102-110.

Health Skin/Connective Tissue- Eczema, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Parent compound

HERO ID: 4829235

Domain Metric Rating Comments

Metric 2A: Exposure Measurement Low This study assessed exposure to DiNP, DEHP, and DiBP through single household dust

samples collected by the mothers of children (at age seven) in the Hokkaido cohort

at the time of the questionnaire survey. Mothers were provided with a polyethylene

dust bag and instructions for collecting the samples with a vacuum cleaner. These dusts
were sieved with a 300 um filter to removed any unwanted floor substances in the dust
samples. Quantification of phthalates utilized gas chromatography—mass spectrometry
(GC-MYS) in signal-to-ion mode. Limits of quantification (LOQ) and percent of samples
greater than the LOQ (100% for DiNP) were reported. Percent greater than the LOQ for
DEHP (99.8%), DiBP (79%), DnBP (99.5%) and BBzP (95.2%) were reported. Median
(25th, 75th percentile) concentrations were reported for DiNP as 63.91 ug/g (30.72,
152.50), DEHP as 1350.26 pg/g (940.94, 2254.32), DiBP as 4.50 ug/g (2.08, 8.30),
DnBP as 47.45 ng/g (26.66, 89.35), and BBzP as 1.31 ug/g (0.38, 3.73). Quality as-
surance and quality control methods of sample analyses were described within previous
work (Ait Bamai et al., 2013 (HERO ID 2215426). There is uncertainty in the use of

a single dust sampling to represent the intensity, duration and potential peak phthalate
exposures responsible for the initiation of the outcomes of interest. There is additional
uncertainty in the use of household dust, rather than urinary metabolites, to assess ex-
posure to phthalates which might have sources (dietary, personal care product use, etc.)
other than through indoor household exposures. Finally, sampling was conducted only
within the living room, rather than the child’s bedroom, of the household, although the
time children spend in living rooms typically is less than that of their bedrooms.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment Medium The allergic disease outcomes in this study (eczema/wheeze) were defined via self-
administered questionnaires, which the mothers filled out with information about the
children at age seven. The study utilized the Japanese version of the validated Inter-
national Study of Asthma and Allergies in Childhood (ISAAC) core questionnaire.
Eczema was defined as “Having an itchy rash that comes and goes for at least 6 months”
or “Having the aforementioned itchy rash at any time during the last 12 months”, or
“Having the aforementioned itchy rash affect one or several of the following areas:
the folds of the elbows, behind the knees, in front of the ankles, under the buttocks, or
around the neck, ears, or eyes”. Wheeze was determined by answering the question,
“Has your child had wheezing or whistling in the chest in the last 12 months?”. Authors
note that while the ISAAC questionnaire has been validated, the severity of allergic out-
comes cannot be captured in the questionnaire. There is uncertainty due to the use of
parental report for classification of outcomes.

Metric 3B: Selective Reporting High Authors properly report analyses in the study, and are consistent in reporting results in
text and tables.

Domain 4: Potential Confounding / Variability Control

Continued on next page...
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Study Citation: Bamai, Ait, Y., Araki, A., Nomura, T., Kawai, T., Tsuboi, T., Kobayashi, S., Miyashita, C., Takeda, M., Shimizu, H., Kishi, R. (2018). Association
of filaggrin gene mutations and childhood eczema and wheeze with phthalates and phosphorus flame retardants in house dust: The Hokkaido study on
Environment and Children’s Health. Environment International 121(Pt 1):102-110.
Health Skin/Connective Tissue- Eczema, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Parent compound
HERO ID: 4829235
Domain Metric Rating Comments
Metric 4A:  Potential Confounding Medium The strategy for selection of potential confounding factors was described as utilizing lit-
erature review and a greater than 10% change in the estimate of the model. Final models
were adjusted for sex, household income, maternal smoking, paternal history of aller-
gies, and filligrin (FLG) gene mutation. The method of obtaining data regarding con-
founding factors was not detailed but could be assumed to have been gathered through
questionnaire at the time of sampling. Due to the cross-sectional design of the study,
authors could not consider additional covariates, such as history of eczema, medical
treatments, or use of moisturizer. Missing covariate data was not detailed. Distributions
of confounding factors was presented across outcome categories.
Domain 5: Analysis
Metric SA:  Analysis Medium Multivariate logistic regression was utilized to determine the relationships between
phthalates, PFRs, or mite allergen levels and outcomes of eczema or wheeze. Results
were presented as odds ratios with corresponding 95 percent confidence intervals. Gene-
environment interactions were explored through the use of interaction terms and strat-
ification to assess effects of filligrin (FLG) gene mutations. Sensitivity analyses were
conducted excluding children who lived in their current house for less than 12 months.
Metric 5B: Sensitivity Low Although the sample size for the current study (n=296) was relatively low, phthalate

levels were described as similar to or only slightly higher than previous studies. 100 per-
cent of DiNP samples, 99.8% of DEHP samples, 99.5% of DnBP, 95.2% of BBzP and
79% of DiBP samples were greater than the LOQ. There is uncertainty in the use of a
single vacuum dust sample within the living room rather than the child’s bedroom, the
use of household dust rather than urinary metabolites to assess exposure to phthalates
which might have sources (dietary, personal care product use, etc.) other than through
indoor household exposures, and the use of parental report for collection of data regard-
ing outcomes of interest.

Additional Comments:

This cross-sectional study included a relatively small sample size (n=296). There is uncertainty in the outcome ascertainment (eczema and wheeze within
the past 12 months, assessed by parent report at child age 7) and exposure measurements assessed by a single parent-obtained dust vacuum sampling, rather
than biomonitoring, within the living room of the home. Authors report no significant associations in models with continuous exposure variables between
wheeze or eczema and DiNP, DEHP, DnBP, BBzP or DiBP, but an association between eczema and DiNP in house dust within categorical models [Figure
1, positive dose-response relationships were found between DiNP levels and eczema (Q1 vs. Q4 p for trend=0.060) overall, as well as among children

without FLG mutation (Q1 vs. Q4 p for trend=0.011).

Overall Quality Determination Medium
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Study Citation: Jenkins, R., Tackitt, S., Gievers, L., Iragorri, S., Sage, K., Cornwall, T., O’Riordan, D., Merchant, J., Rozansky, D. (2019). Phthalate-associated hyperten-
sion in premature infants: a prospective mechanistic cohort study. Pediatric Nephrology 34(8):1413-1424.

Health Cardiovascular- systolic blood pressure, hypertension, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Parent compound

HERO ID: 5625293

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A: Participant Selection Low Prospective observational study of 20 premature infants recruited bi-monthly. Inclusion

and exclusion criteria are presented. Study funding limited sample size to 20. Of 26
infants approached, 20 were enrolled and 18 included in the final analyses (1 death, 1
lost to follow-up). Inclusion criteria included age 2 weeks or less at birth and residence
within 90 miles; exclusion criteria included factors that might influence DEHP exposure
or infant blood pressure, including kidney disease or injury, secondary hypertension, and
receipt of any IV fluids or diuretics at the time of hypertension diagnosis, among others.
Indications for hospital visits or diagnosed conditions among normotensive infants were
not described. Details on eligible participants who refused or were not approached were
not discussed. The authors stated that there were as many as 600 potential infants to
enroll, but only 2 to 4 met criteria on each bi-monthly recruiting day. The infants with
the lowest gestational age were approached first to minimize the number of outpatient
visits required. There is concern for selection bias given that the lowest GA infants were
also more likely to have interventions at birth that may have resulted in higher exposures
to DEHP, and also could be more susceptible to developing hypertension.

Domain 2: Exposure Characterization

Metric 2A: Exposure Measurement Low Urinary DEHP exposure was based on one sample collected from infants 48 hours prior
to onset of hypertension. Sample collection and handling was not described. Samples
were analyzed for MEHHP, MEOHP and MEHP in a commercial lab using high per-
formance liquid chromatography with tandem mass spectrometry (LC-MS/MS). Levels
were reported with and without creatinine adjustment. Neither LOD nor QC measures
were reported. The results show that the “assay failed”, was not conducted or was below
LOD for all three metabolites in all but 5 of the 14 infants for whom urine was available,
in addition to assay failure for 1-2 metabolites among the 5 infants with data reported.
No details are provided on what was meant by, or reasons for, assay failure, raising se-
rious concerns about the assessment. In addition, cumulative exposures to DEHP were
quantified in aggregate by the following methodology: The volume (mL) of IV fluid ad-
ministered to the infant from DEHP-containing IV bags quantified the IV exposure and
respiratory tubing exposure was quantified by the number of days the patient was con-
nected to any respiratory tubing containing DEHP. The authors stated that indices were
based on the presence of DEHP in equipment labeling; information on concentrations
of DEHP was not available. Separate indices were calculated for IV bag and respiratory
DEHP exposure. There was no discussion on how data for cumulative DEHP indices
were recorded and abstracted, the extent to which data may be susceptible to error or
bias, or validation of these measures as indicators of DEHP exposure.

Domain 3: Outcome Assessment

Continued on next page ...
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Study Citation:

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Jenkins, R., Tackitt, S., Gievers, L., Iragorri, S., Sage, K., Cornwall, T., O’Riordan, D., Merchant, J., Rozansky, D. (2019). Phthalate-associated hyperten-

sion in premature infants: a prospective mechanistic cohort study. Pediatric Nephrology 34(8):1413-1424.

Cardiovascular- systolic blood pressure, hypertension, Non-cancer

Diethylhexyl Phthalate- Parent compound
5625293

Domain

Metric Rating

Comments

Metric 3A: Outcome Ascertainment Medium

Metric 3B: Selective Reporting Medium

Systolic blood pressure (SBP) was measured by nurses using the oscillometric method
for infants while in the NICU and by a single experienced physician using the auscul-
tatory method on the right arm when seen in the outpatient clinical setting. There was

no specification as to which extremity was used for testing for the former. No informa-
tion on the proportion of measures obtained by each method, or whether measurements
varied by method used, was provided. Infants met the criteria for inclusion in the hyper-
tensive group if their mean daily SBP (3 or more measurements per day) exceeded the
95th percentile for at least three sequential days while in the NICU or three sequential
visits for outpatients. The SBP 95th percentiles used for this study originated from the
reference data compiled by Dionne et al. 2012, which provides blood pressure norms ad-
justed by gestational age (postmenstrual age, PMA) for premature infants. Because SBP
varies greatly with PMA, an SBP index (SBP/SBP 95th percentile) was calculated and
used to represent systolic blood pressure relative to the PMA-adjusted 95th percentile
for SBP. Accuracy and validity of postmenstrual age estimates was not discussed. Out-
comes were analyzed as presence or absence of hypertension, and as continuous SBP
index measured at intervals of 2 to 4 weeks. Though details were lacking, there was no
evidence of important error or bias.

The authors described their primary (and secondary) analyses in the methods section and
results were reported for all primary analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Low

No confounders were considered for analyses relating DEHP exposure indices with SBP
or hypertension in infants. Length of stay and gestational age were significantly associ-
ated with infant hypertension status. Confounding is a concern as the authors reported
that DEHP indices were also correlated with variables that included gestational age,
length of stay, and birthweight. These correlations were significant for the respiratory,
but not the IV-related, DEHP index; the latter was the primary measure of interest. How-
ever, Pearson’s rather than Spearman’s correlations were used despite the small N, and
validity is uncertain. Potential for substantial confounding bias is a concern.

Domain 5: Analysis

Continued on next page...
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Study Citation: Jenkins, R., Tackitt, S., Gievers, L., Iragorri, S., Sage, K., Cornwall, T., O’Riordan, D., Merchant, J., Rozansky, D. (2019). Phthalate-associated hyperten-
sion in premature infants: a prospective mechanistic cohort study. Pediatric Nephrology 34(8):1413-1424.

Health Cardiovascular- systolic blood pressure, hypertension, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Parent compound

HERO ID: 5625293

Domain Metric Rating Comments

Metric 5A: Analysis Low Bivariate analyses included statistical tests of differences in DEHP exposure indices by

hypertensive status (Wilcoxon rank sum, chi-square with Yates’ continuity correction),
and figures presenting the relationship between SBP indices and DEHP exposure in-
dices by case status. Bivariate linear regression was used to analyze association between
DEHP exposure indices and SBP index at the time of diagnosis (or 40 weeks corrected
gestational age in normotensive infants). Although descriptive data showed that the
DEHP exposure index related to IV use was 0 among normotensive infants, the authors
did not discuss model assumptions, evaluate robustness of associations using transfor-
mations to improve distributional assumptions, or categorize exposure. The authors did
not discuss or examine in sensitivity analyses the influence of indications or symptoms
prior to hypertension onset that may have led to both development of hypertension and
treatments that increased DEHP exposure. As data were largely missing, no analyses
evaluated associations with urinary DEHP metabolites and SBP or hypertension.
Metric 5B: Sensitivity Low Very small sample size (up to n=18 for DEHP "indices” based on IV and respiratory
tube use) and many uncertainties on exposure assessment likely limit study sensitivity.

Additional Comments:

Small prospective observational study designed to assess whether DEHP exposures were related to hypertension or systolic blood pressure in premature
infants (n=9 hypertensive, 9 normotensive). Urinary DEHP metabolites measures were not available for most infants due to assay failure or limitations;
these data were not analyzed. The study analyzed DEHP exposure indices derived based on the volume of administered IV fluids or the number of days
on which infants were connected to respiratory tubing known to contain DEHP; these indices were not validated, and there is no information available
to ascertain how these indices quantitively relate to DEHP exposure per se. The authors reported associations between the IV DEHP index and systolic
blood pressure. However, these associations may have been confounded by variables such as gestational age, length of stay, and treatment indications. In
addition, linear regression model assumptions may not have been met, as this exposure index was null among normotensive infants. A further concern is
the potential risk of selection bias related to prioritizing the recruitment of infants with the lowest gestational ages, who may have had interventions at birth
resulted in higher exposures to DEHP, and who may also be more susceptible to developing hypertension. The extent to which associations observed in
this small sample may reflect causal relationships with DEHP exposure is uncertain.

Overall Quality Determination Low
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Study Citation: Kishi, R., Ketema, R. M., Bamai, Y. A., Araki, A., Kawai, T., Tsuboi, T., Saito, I., Yoshioka, E., Saito, T. (2018). Indoor environmental pollutants and their
association with sick house syndrome among adults and children in elementary school. Building and Environment 136:293-301.
Health Skin/Connective Tissue- Sick home syndrome: self-reported weekly dermal symptoms., Non-cancer

Outcome(s)
Assessed:

Chemical: Diethylhexyl Phthalate- Parent compound

HERO ID: 4728476

Domain

Metric

Rating

Comments

Domain 1: Study Participation
Metric 1A:

Participant Selection

Low

This cross-sectional study in Sapporo, Japan examined associations between several
indoor pollutants measured in the home environment and the prevalence of sick house
syndrome. The sample was drawn from a large 2008 survey distributed to children in 12
Sapporo elementary schools (4408 of 6393 or 68.9% participation). This study included
a total of 128 child dwellings (2.9% of the 4,408 surveyed), after excluding incom-
plete questionnaires, children no longer in elementary school, or households where a
home visit could not be arranged. The analysis sample included 184 children under age
12 years (from 128 homes), and 283 family members aged >= 13 (parents, siblings)
co-residing in 128 homes. One concern is that while the proportion of included vs. ex-
cluded dwellings was similar in terms of single vs. multi-family buildings (53.1% vs.
54.7%), there was a considerably higher prevalence of visible mold (76.6% vs. 35.2%)
and condensation (71.9% vs. 52.5%) (Ait Bamai et al, 2014 HEROID 2215426). The
proportion of children with atopic dermatitis (32.4% vs. 16.7%) was also higher than in
the parent study (Ukawa et al, 2013 HEROID 2560019). 75% of participants reported

a parental history of allergies. The authors did not discuss examining evidence of bias,
such as whether factors associated with atopic dermatitis were similar in the parent
study and analysis sample. However, there was no direct evidence of bias.

Domain 2: Exposure Characterization
Metric 2A:

Exposure Measurement

Medium

Several phthalate esters were measured in house dust samples. These included
di(isobutyl) phthalate (DiBP), butyl benzyl phthalate (BBP), di(2-ethylhexyl) phtha-
late (DEHP), and di(isononyl) phthalate (DiNP), and di(n-butyl) phthalate (DBP). Dust
was collected from floors and several surfaces >35cm (e.g., shelves, TV sets) in the liv-
ing room. Children’s bedrooms were not sampled. Dust was collected with hand-held
vacuums carefully cleaned by ultrasound and with ethanol to avoid cross-contamination.
Laboratory glass tubes and stainless-steel equipment were also ultrasonicated and rinsed
in acetone (Ait Bamai et al, 2215426). Dust was weighed after removing unwanted
substances (e.g., human and animal hair), samples extracted using acetone and ana-
lyzed using gas chromatography in selective ion mode. Recovery rates for phthalates
ranged from 97% to 121.7%. Detection rates for the phthalates of interest in dust sam-
ples ranged from 93.0% to 100% for phthalates with the exception of BBP (68% in floor
dust, 85.2% in multi-surface dust). The authors did not mention how values below LOD
were handled: failure to impute values below LOD is a potential concern for BBP in
floor dust. Variability in dust measures of all phthalates was high (e.g. for DiINP median,
25th-75th percentile 139, 66- 276 ug/g floor dust; 203, 99.7-443 pg/g dust in multi-
surface dust).

Domain 3: Outcome Assessment

Continued on next page ...
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Study Citation:

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Kishi, R., Ketema, R. M., Bamai, Y. A., Araki, A., Kawai, T., Tsuboi, T., Saito, 1., Yoshioka, E., Saito, T. (2018). Indoor environmental pollutants and their
association with sick house syndrome among adults and children in elementary school. Building and Environment 136:293-301.
Skin/Connective Tissue- Sick home syndrome: self-reported weekly dermal symptoms., Non-cancer

Diethylhexyl Phthalate- Parent compound
4728476

Domain

Metric Rating Comments

Metric 3A:  Outcome Ascertainment Medium  Self-administered questionnaires were administered during visits for dust sampling in
2009 and 2010 (Ait Bamai et al, 2215426). Sick building syndrome (SBS) was char-
acterized based on responses to published standardized questionnaires for children and
adults developed in Sweden and translated to Japanese. Parents were asked to complete
questionnaires for children aged <=12 years. Questionnaires asked about the frequency
of three types of symptoms during the past three months: dermal (e.g., dry or itching
hands, dry facial skin), mucosal (e.g., runny nose, eye irritation) and general (e.g., fa-
tigue, headache) symptoms, reported as occurring weekly, sometimes, or never. Respon-
dents were also asked whether they believed the symptoms were due to the home envi-
ronment. Sick home syndrome was limited to symptoms that occurred weekly and were
attributed to the home environment. Binary outcomes were defined based on reporting
of at least one dermal symptom (6% and 4.6% of children and teens/adults), mucosal
symptom (17.4% and 12.3%), or any type (including general, 20.6% and 15.1%). Given
the small numbers of cases (N=11 to 38 and N=13 to 42 in children and teens/adults,
variable severity based on number of symptoms was not considered. Questionnaires
were administered in October—November to limit seasonal variation in symptoms. Va-
lidity and reliability in Japanese populations for the questionnaires and definitions used
was not discussed (e.g., bias associated with allergies), but there is no evidence of error
or bias.

Metric 3B: Selective Reporting Medium  The authors described their primary (and secondary) analyses in the methods section and
results were reported for all primary analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Low Confounders were selected a priori, and included age, gender, diagnosed allergies,
parental history of allergies, a dampness index (0-5 for presence of condensation, moldy
odor, visible mold, water leakage, bathroom humidity), and environmental tobacco
smoke. Parental history of allergies was omitted from models for adults and adolescents,
raising the possibility of residual confounding among adolescents. However, a sensitiv-
ity analysis excluded junior high school children from the adult/adolescent group. The
authors stated that correlations among different categories of chemicals were low (data
were not shown). However, the authors did not discuss confounding or modification by
variables such as duration at the current residence, or by sociodemographic factors such
as household income or parental education. Lower household income was associated,
albeit not significantly, with increased odds of any vs. no symptoms in both children and
adults [OR (95% CI) 2.12 (0.38,12.3) and 4.4 (0.63,35.1) for <5 vs >=8 million yen per
year. Potential residual confounding is a concern.

Domain 5: Analysis

Continued on next page ...
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Study Citation:

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Kishi, R., Ketema, R. M., Bamai, Y. A., Araki, A., Kawai, T., Tsuboi, T., Saito, 1., Yoshioka, E., Saito, T. (2018). Indoor environmental pollutants and their

association with sick house syndrome among adults and children in elementary school. Building and Environment 136:293-301.
Skin/Connective Tissue- Sick home syndrome: self-reported weekly dermal symptoms., Non-cancer

Diethylhexyl Phthalate- Parent compound
4728476

Domain

Metric Rating Comments

Metric 5A: Analysis Low Multivariate adjusted logistic regression was used to analyze associations between log-
10 transformed exposure variables and reporting of any, dermal, or mucosal symptoms.
Separate models were run for children <= age 12 years and for adolescents and adults
combined. Non-independence of multiple respondents from the same household was not
discussed (n=128 homes, 184 children and 283 adolescents/adults). Results of a sensi-
tivity analysis excluding junior high participants (perhaps up to age 16) were described
as not influencing significant associations; analyses excluding all adolescents were not
mentioned. The number of hours per day spent at home (mean =+ sd 15.2 £1.5 children,
15.0 £ 4.9 in teens/adults) was associated with dermal symptoms in children [odds ratio
(95% CI) = 1.65 (0.96-2.92)] but was not discussed as a potential modifier. An impor-
tant concern is that cleaning patterns —which may affect dust-based exposure measures
— may be associated with the prevalence of symptoms attributed to contaminants in the
home environment (reverse causation). For example, cleaning frequency was signifi-
cantly higher in households with teens/adults with any symptoms. Associations with
cleaning frequency were not shown for most exposures, but there was a negative cor-
relation with DiNP. However, cleaning frequency was not evaluated as a confounder or
modifier.

Metric 5B: Sensitivity Medium  The sample size and number of cases were small. However, variability in exposure
variables was large, and several associations were statistically significant, albeit not
always in the hypothesized direction.

Additional Comments:

This cross-sectional study in Sapporo, Japan examined associations between reported “sick house syndrome” symptoms during the last three months
and measured indoor pollutants in household dust and air. Several phthalates, including DiNP, DiBP, DBP, BBP and DEHP, were measured in floor and
surface dust. Sick home syndrome was characterized based on weekly symptoms in several domains - mucosa, dermal, and any including more general
symptoms - that were attributed by participants to the house environment. The sample, selected from over 4,000 households in a parent survey, included 128
households; analyses included 184 children <= 12 years and 283 teen/adult residents. Associations between phthalates in dust and sick home syndrome
outcomes were heterogeneous and largely non-significant. However, DiNP in floor dust was associated with significantly lower odds of mucosal symptoms
in adolescents/adults. While there was no direct evidence of selection bias, the sample for this study included considerably more households with visible
mold, condensation, and children with atopic dermatitis than the parent study. Residual confounding by factors such as socioeconomic status is also
potential concern. Analyses did not examine whether including multiple residents from the same household was influential, or whether number of hours in
the home modified associations. Finally, reverse causation cannot be ruled out. The authors did not discuss whether participant cleaning patterns, which
may have affected dust levels and dust contaminant content, may have reflected efforts by participants to reduce their symptoms, and analyses were not
stratified by cleaning frequency.

Overall Quality Determination Low
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Study Citation: Wan, Y., North, M. L., Navaranjan, G., Ellis, A. K., Siegel, J. A., Diamond, M. L. (2021). Indoor exposure to phthalates and polycyclic aromatic
hydrocarbons (PAHs) to Canadian children: the Kingston allergy birth cohort. Journal of Exposure Science & Environmental Epidemiology 32(1):69-81.

Health Sensitization- Skin prick testing (allergy), Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Parent compound

HERO ID: 7613166

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A: Participant Selection Medium  Study participants included 45 prenatally included children and 34 postnatally included

children who were recruited from the KABC. The prenatally recruited children were
identified in out-patient ObGyn clinics, family physician offices, midwifery clinics, and
labor/delivery wards of Kingston hospital and were from 18 months to 3 years old. Post-
natally recruited children ranged in age from 18 months to 14 years and consented to
skin prick testing at hospital. Exclusion criteria were not discussed further and missing
data also not described.

Domain 2: Exposure Characterization

Metric 2A: Exposure Measurement Medium  DINP, DIDP, DBP, DiBP, DEHP, and BBP were measured in floor dust samples from
the 79 children bedrooms that were collected from June 24, 2014 to February 25, 2015.
Dust samples were collected from carpeted and uncarpeted floors in the center of a
child’s room using a conventional vacuum cleaner with a nylon bag inserted. Dust sam-
ples were dry sieved and extracted in 3 mL dichloromethane and repeated three times.
Samples were analyzed using GS-MS. LOD for DINP is 1.04E+00 ug/g, for DIDP is
6.25E-01 pg/g, for DiBP is 5.48E-03 pg/g, for DBP is 5.90E-03 ug/g, for BBP is 5.71E-
03 pg/g, and for DEHP is 2.47E-02 ug/g. Values below detection were substituted with
half of the method detection limit.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment Low Authors reported performing skin prick tests on 34 postnatal children testing for 14
allergens and were conducted at the Kingston general hospital. Mothers were also tested
with a panel of 9 common environmental allergens. No further information provided.
Only 21% of children demonstrated a positive skin prick test with at least one of the
allergens tested.

Metric 3B: Selective Reporting Medium  No concerns for selective reporting. The authors described their primary analyses in the
methods section and results were reported for all the analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A: Potential Confounding Medium  Confounders assessed including sex, household income (for SES), presence of mold,
level of cigarette smoke exposure, maternal atopy, paternal history of allergy, prenatal
smoking, gestational age, and breastfeeding status at 3 months of age. Confounders
were included in the model if the OR changed by at least 10%.

Domain 5: Analysis

Continued on next page ...
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Study Citation: Wan, Y., North, M. L., Navaranjan, G., Ellis, A. K., Siegel, J. A., Diamond, M. L. (2021). Indoor exposure to phthalates and polycyclic aromatic
hydrocarbons (PAHs) to Canadian children: the Kingston allergy birth cohort. Journal of Exposure Science & Environmental Epidemiology 32(1):69-81.
Health Sensitization- Skin prick testing (allergy), Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Parent compound
HERO ID: 7613166
Domain Metric Rating Comments
Metric 5A: Analysis Medium  Logistic regression was conducted to assess association between phthalate exposure and
allergic sensitization and 95% Cls shown. Log-transformed phthalate data was tested
for normality, but concentrations were not normally distributed so performed analysis on
untransformed data. Concentrations grouped into tertiles, but not defined further. Only
performed statistical analysis on chemicals with more than 50% detection frequency.
Results were considered statistically significant at p<0.05 but no significant results were
found after adjusting for confounders. Missing data were not described but there seems
to be no data missing.
Metric 5B: Sensitivity Low Very small sample size (n = 34) results in a low statistical power. Exposure range is

adequate for DIDP from <MDL to 3350 ug/g, for DINP from 22 to 7330 ug/g, for DiBP
from 3.06 to 942 ug/g, for DBP from 1.10 to 49.0 ug/g, for BBP from 4.12 to 75400
ug/g, and for DEHP from 26.7 to 1160 ug/g.

Additional Comments:

Overall study quality is low because of the very small sample size of 34 children tested for allergies and homes tested for phthalates in dust. In addition,
only 21% of the tested children displayed a positive skin prick testing, lowering the statistical power to detect any association between phthalate exposure
and allergic sensitization. These limitations impact the results and validity of the study.

Overall Quality Determination Low
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Study Citation:

Wang, C. W., Chen, S. C., Wu, D. W,, Chen, H. C., Lin, H. H., Su, H., Shiea, J. T., Lin, W. Y., Hung, C. H., Kuo, C. H. (2021). Effect of dermal phthalate

levels on lung function tests in residential area near a petrochemical complex. Environmental Science and Pollution Research 28(21):27333-27344.

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Diethylhexyl Phthalate- Parent compound
7502437

Lung/Respiratory- Spirometry measurements (FEV1, FVC, FEV1% predicted, FVC% predicted), Non-cancer

Domain Metric

Rating

Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection

Medium

Participants were n=397 subjects from the Dalinpu Community for Health Care cohort
(2016-2018, total n = 405). Participants were recruited from a village in close proximity
to multiple industrial facilities. No information on recruitment methods or participation
rates was provided. Inclusion criteria for the current study were: age > 20 years, will-
ingness to receive spirometry testing and forehead skin wipes, and ability to complete
provided questionnaires. Exclusion criteria were history of asthma, neuromuscular dis-
ease, abnormalities of the chest wall or pleura, or ascites. It is not clear if there were
additional inclusion/exclusion criteria for the larger cohort. While there was a lack of
information on some aspects of participant selection, the information provided does not
raise substantial concerns about selection bias. Additionally, while study participants
were members of a cohort study, the information provided suggests that this study was
a cross-sectional analysis of baseline characteristics; as such, loss to follow-up is not a
concern.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement

Medium

Dermal phthalates were measured using skin wipes of participants’ foreheads. Measure-
ments were obtained via linear ion trap mass spectrometry coupled to a TD-ESI source.
The timing of sample collection relative to outcome measurement was not stated, al-
though the participant recruitment text implies this was an analysis of baseline measure-
ments taken in a larger cohort (i.e., a cross-sectional analysis with both exposure and
outcome measured at the same time point).

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment

Metric 3B: Selective Reporting

Medium

Medium

The outcomes of interest in this study were lung function measurements (FEV1, FVC)
assessed via spirometry. Spirometry testing by a single trained technician. Three consec-
utive measurements meeting quality criteria standards were taken for each participant,
and the best measurement was recorded and included in analysis. Measurements were
divided by reference standards to yield calculated endpoints of FEV1 and FVC percent
predicted. No information was provided on whether participants or the technician were
blinded as to exposure status, but this is not a major concern given the set of exposures
and outcomes measured in this study.

The authors described their primary and secondary analyses in the methods section and
results were reported for all primary and secondary analyses.

Domain 4: Potential Confounding / Variability Control

Continued on next page...
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Study Citation:

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Wang, C. W, Chen, S. C., Wu, D. W,, Chen, H. C., Lin, H. H., Su, H., Shiea, J. T., Lin, W. Y., Hung, C. H., Kuo, C. H. (2021). Effect of dermal phthalate
levels on lung function tests in residential area near a petrochemical complex. Environmental Science and Pollution Research 28(21):27333-27344.
Lung/Respiratory- Spirometry measurements (FEV1, FVC, FEV1% predicted, FVC% predicted), Non-cancer

Diethylhexyl Phthalate- Parent compound
7502437

Domain

Metric Rating

Comments

Metric 4A:  Potential Confounding Medium

Potential confounders were selected based on prior literature as well as based on signifi-
cant bivariate associations with the exposures and outcomes. Variables included in final
regression models were: age, gender, BMI, smoking, exercise, and education. It appears
that DiDP and DiNP models were also adjusted for face mask use, but it is not fully
clear that this is the case from the description provided. It is also not clear whether mod-
els were adjusted for other measured phthalates. Study participants were recruited from
an area with multiple industrial facilities, but no discussion of potentially co-occurring
chemical exposures was provided.

Domain 5: Analysis

Metric SA:  Analysis Medium

Metric 5B:  Sensitivity Medium

The association between each phthalate and the measured and calculated lung function
outcomes was estimated using multiple linear regression. Phthalate concentrations were
log-transformed prior to analysis due to a skewed distribution. Samples below the LOD
were replaced with half of the LOD. Regression models were constructed for the whole
study population (n=397) as well as for participants age 60+ only (n=54). No informa-
tion on handling of missing values (if any) was provided. No sensitivity analyses were
described.

The sample size was adequate (n=397). For all phthalates, a large proportion of sam-
ples were below the limit of detection (detection rate 47.1% for DiDP, 62.0% for DiNP,
39.0% for DBP, 48.9% for BBP, 50.6% for DEHP). However, among samples with de-
tectable levels, the exposure range was large.

Additional Comments:

This study of participants in the Dalinpu Community for Health Care cohort had an adequate sample size and used appropriate exposure assessment,
outcome assessment, and analytic methods. Minor concerns include a lack of detail on some elements of the study design (e.g., the timing of exposure and
outcome assessment) as well as the large proportion of samples below the LOD. In the full study population (n=397), a one-unit increase in log-transformed
DiNP was associated with lower FEV1% predicted ( = — 2.17; 95% CI — 4.26, — 0.08), FVC (— 0.08; 95% CI — 0.15, — 0.02), and FVC% predicted (8
=—3.16;95% CI — 5.21, — 1.10). There were no associations between DiDP and any of the outcomes in the full study population. DBP, BBP, and DEHP

were inversely associated with FVC and FVC% predicted.

Overall Quality Determination

Medium
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Study Citation: Lee, G., Kim, S., Bastiaensen, M., Malarvannan, G., Poma, G., Casero, N. C., Gys, C., Covaci, A., Lee, S., Lim, J. E., Mok, S., Moon, H. B., Choi, G.,
Choi, K. (2020). Exposure to organophosphate esters, phthalates, and alternative plasticizers in association with uterine fibroids. Environmental Research

Health llizge%rlc)%?]gié‘vle/Developmental— Uterine fibroids, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: mono(2-ethy 1-5-oxohexyl) phthalate (MEOHP); mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP); mono(2-ethyl-
5-carboxypentyl) phthalate (MECPP); mono- [(2-carboxymethyl)hexyl] phthalate (MCMHP); mono(2-ethylhexyl) phthalate (MEHP)

HERO ID: 7274600

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium The case control study examined the relationship between phthalate metabolites and

uterine fibroids in pre-menopausal Korean women. Women (20-49 years of age) were
recruited 2015-2016 from public health centers or gynecology clinics of universities in
Seoul, Ansan, Incheon, and Jeju South Korea. A subset (n=70) of participants (n=516
originally recruited) were randomly chosen from the Children’s Health and Environmen-
tal Chemicals of Korea (CHECK) cohort. Of the women initially recruited, those with
current pregnancy (n=38) were excluded. Of the n=95 cases of uterine fibroids initially
identified, n=40 were selected as cases as defined by ’severe’ degree of fibrosis. Severe
fibrosis cases were chosen based on the criteria of size of uterine fibroids (> 4cm), the
number of fibroids (>2), or concurrent diagnosis of adenomyosis. Women of the same
age without uterine fibroids were randomly chosen as controls with a 1:2 (case : control)
ratio. Cases and controls with insufficient samples for chemical analysis were excluded,
leaving a total of 32 cases and 79 controls for final analysis within the current study.
Comparisons with respect to demographic and other factors potentially associated with
exposure and outcomes of interest between participants and non-participants were not
detailed.

Domain 2: Exposure Characterization

Continued on next page...
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Study Citation:

Lee, G., Kim, S., Bastiaensen, M., Malarvannan, G., Poma, G., Casero, N. C., Gys, C., Covaci, A., Lee, S., Lim, J. E., Mok, S., Moon, H. B., Choi, G.,

Choi, K. (2020). Exposure to organophosphate esters, phthalates, and alternative plasticizers in association with uterine fibroids. Environmental Research

189:109874.
Health

Outcome(s)
Assessed:
Chemical:

Reproductive/Developmental- Uterine fibroids, Non-cancer

Diethylhexyl Phthalate- Metabolite: mono(2-ethy 1-5-oxohexyl) phthalate (MEOHP); mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP); mono(2-ethyl-

5-carboxypentyl) phthalate (MECPP); mono- [(2-carboxymethyl)hexyl] phthalate (MCMHP); mono(2-ethylhexyl) phthalate (MEHP)

HERO ID: 7274600

Domain Metric

Rating

Comments

Metric 2A:  Exposure Measurement

Low

Urine samples were taken at the health examination where subjects were asked to fast
for more than 8 hours before sample. Phthalates were extracted using a solid phase ex-
traction and analyzed using HPLC and an ESI-MS/MS. cxMINP, OH-MINP, MiBP,
MBP, MBzP, MCHP, MEOHP, MEHHP, MECPP, MCMHP, and MEHP detection fre-
quencies in cases were 78.1, 93.8, 100, 100, 100, 3.1, 100, 100, 100, 100, 50 respec-
tively. Control cxMINP, OH-MINP, MiBP, MBP, MBzP, MCHP, MEOHP, MEHHP,
MECPP, MCMHP, and MEHP detection frequencies were noted as 78.5, 91.1, 93.7,
100, 100, 3.8, 87.3, 98.7, 100, 100, and 44.3, respectively. For chemicals with a de-
tection frequency of 75% or more, the non-detected concentrations were imputed with
the limit of quantification (LOQ) divided by the square root of 2. Urinary chemical
concentrations were adjusted by specific gravity (SG) to correct for urine dilutions. Me-
dian (25th, 75th percentiles) concentrations for case OH_MINP, cxMINP, MiBP, MBP,
MBzP, MCHP, MEOHP, MEHHP, MECPP, MCMHP, and MEHP were 2.05 ng/mL
(1.12, 3.80 ng/mL), 2.34 ng/mL (1.51, 4.65 ng/mL), 2.81 ng/mL (1.18, 5.16 ng/mL),
6.73 ng/mL (4.46, 12.61 ng/mL), 0.66 ng/mL (0.44, 1.15 ng/mL), <LOQ, 1.73 ng/mL
(1.09, 2.57 ng/mL), 3.21 ng/mL (2.21, 4.02 ng/mL), 14.33 ng/mL (9.99, 23.50 ng/mL),
4.95 ng/mL (3.36, 7.27 ng/mL), 0.09 ng/mL (<LOQ, 3.55 ng/mL), respectively. Median
(25th, 75th percentiles) concentrations for controls OH_MINP, cxMINP, MiBP, MBP,
MBzP, MCHP, MEOHP, MEHHP, MECPP, MCMHP, and MEHP were 1.37 ng/mL
(0.83-2.39 ng/mL), 2.57 ng/mL (1.52, 3.50 ng/mL), 2.54 ng/mL (1.22, 4.15 ng/mL ),
5.60 ng/mL (3.66, 8.29 ng/mL ), 0.65 ng/mL (0.41, 1.26 ng/mL ), <LOQ ng/mL , 1.23
ng/mL (0.72, 2.26 ng/mL ), 2.59 ng/mL (1.55, 4.25 ng/mL ), 11.67 ng/mL (7.42, 18.06
ng/mL ), 4.04 ng/mL (2.38, 6.07 ng/mL ), <LOQ (<LOQ, 1.18 ng/mL). The biological
half-lives of most phthalates are less than 24 h and it is unclear if a single spot urine ad-
equately represents the intensity, duration and potential peak exposures responsible for
the initiation of the outcome of interest. Due to the instructions for fasting more than 8
hours prior to sampling, the concentrations of metabolites measured in the urine of the
participating women may be lower than those expected in normal situations. The timing
of diagnosis of uterine fibroids and measurement of urinary phthalates were similar, so
a reasonable inference of causation and contribution of chemical exposure to uterine
fibroids cannot be made.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment

Metric 3B: Selective Reporting

Medium

Medium

Uterine fibrosis and adenomyosis were diagnosed via a gynecologic ultrasonography.
Severe fibrosis was defined as a uterine fibroid size >4cm, >2 fibroids, or a concurrent
diagnosis of adenomyosis.

Analyses reported in the methods and results were described for primary analyses.

Domain 4: Potential Confounding / Variability Control

Continued on next page ...
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Study Citation: Lee, G., Kim, S., Bastiaensen, M., Malarvannan, G., Poma, G., Casero, N. C., Gys, C., Covaci, A., Lee, S., Lim, J. E., Mok, S., Moon, H. B., Choi, G.,
Choi, K. (2020). Exposure to organophosphate esters, phthalates, and alternative plasticizers in association with uterine fibroids. Environmental Research
189:109874.

Health Reproductive/Developmental- Uterine fibroids, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: mono(2-ethy 1-5-oxohexyl) phthalate (MEOHP); mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP); mono(2-ethyl-
5-carboxypentyl) phthalate (MECPP); mono- [(2-carboxymethyl)hexyl] phthalate (MCMHP); mono(2-ethylhexyl) phthalate (MEHP)

HERO ID: 7274600

Domain Metric Rating Comments

Metric 4A: Potential Confounding Medium Key confounders included age, BMI, income, parity, urinary cotinine, and alcohol con-

sumption and were determined from previous reports that reported association with
uterine fibroids. Data regarding confounding factors was indicated as obtained from par-
ticipant questionnaire and based upon previous reports. Urinary cotinine was measured
by an Immulite 2000 Nicotine Metabolite kit.

Domain 5: Analysis

Metric SA:  Analysis Medium Multivariate linear regression models were constructed to compare metabolite concen-
trations between cases and controls while adjusting for covariates of interest. Multivari-
ate logistic regression analysis was used to examine the association between chemical
exposure and uterine fibroids. Concentrations were log-transformed due to distribution
skewness. Additional multivariate logistic regression models with factors derived from
factor analyses were run within multiple chemical exposure models. Non-linear relation-
ships were explored within analyses presented across dichotomous, tertiles and quartiles
of exposure. Consideration for additional sensitivity analyses was not detailed.

Metric 5B: Sensitivity Medium Sample size is somewhat small (n=111 total) which may lead to insufficient statistical
power. and exposure range is adequate. It is unclear if a single spot urine adequately
represents the intensity, duration and potential peak exposures responsible for the initi-
ation of the outcome of interest. Urinary concentrations might not reflect normal daily
levels due to the more than 8 hours fasting requirement prior to urine specimen collec-
tion.

Additional Comments:

This case-control study assessed the relationship between uterine fibroids and phthalate metabolite concentrations. The limitations included a smaller
sample size which may lead to insufficient statistical power, half-lives of phthalates are less than 24 h and the concentrations of metabolites measured in
the urine of the participating women may be lower than those expected in normal situations. In addition, the spot urine measurements may not represent
longer term exposure profile of the target chemicals. Study design and diagnosis of uterine fibroids and measurement of urinary chemicals were similar,
the inference of causation and contribution of chemical exposure to uterine fibroids cannot be made. These limitations show that chance findings cannot be
ruled out which affect the overall validity of the study.

Overall Quality Determination Medium
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Re(pr)oductive/Developmental— Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl)-hexyl phthalate (MEHP)

HERO ID: 4728664

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium The authors analyzed data from a nested case-control study that comprised 130 preterm

infants and 352 randomly selected infants delivered at >37 weeks. The parent cohort
recruited women at <17 weeks gestation from prenatal clinics in the Boston area who
planned to deliver at Brigham and Women’s Hospital (n=1600 recruited from 2006 to
2008; 1181 [74%] followed through delivery with live singleton infants). Further details
on participation rates and loss to follow-up were not provided. There was no evidence
that participation was associated with either phthalates exposure or birth outcomes, nor
any other evidence raising concerns related to selection bias.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement High Exposure was assessed using phthalate metabolites measured in spot urine samples col-
lected at up to three clinic visits. Measures included four DEHP metabolites (MEHP,
MEHHP, MEOHP, MECPP), MBzP (BBP metabolite), MBP (DBP metabolite), and
MiBP (DiBP metabolite). Samples were analyzed by an accredited laboratory (NSF In-
ternational, Ann Arbor, MI) using HPLC-MS methods developed by the CDC, described
elsewhere. Quality control procedures specific to this study were not described. Visits
occurred at median times of 9.71, 17.9, and 26.0 weeks of gestation; samples from a 4th
visit at 33 to 38 weeks were included in repeated measures analyses but excluded from
calculating average exposure given low availability among cases. Case and control Ns
for each visit were: 129 and 350; 118 and 304; 111 and 301; and 66, 314, respectively.
Samples below LOD (ranging from 0 to 4.7%) were imputed as LOD divided by the
square root of 2. Models adjusted for specific gravity to account for urine dilution. Ex-
posure to individual phthalates or the sum of four DEHP metabolites was analyzed as
the mean of up to three measures or using up to four repeated measures in linear mixed
models. Given the short half-life of metabolites, estimating prenatal phthalates exposure
using multiple samples collected throughout pregnancy to reduce exposure misclassifi-
cation was a strength of this study.

Domain 3: Outcome Assessment
Metric 3A: Outcome Ascertainment Medium Outcomes analyzed included preterm birth defined as <37 weeks of gestation, and ges-
tational age at delivery analyzed continuously. Gestational ages at individual clinic visits
and at delivery were calculated based on last menstrual period (LMP) and confirmed by
first trimester ultrasound. Details on how LMP-estimated gestational age was evaluated
and adjusted based on ultrasound data were not provided. However, there was no evi-
dence of important error or bias.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl)-hexyl phthalate (MEHP)

HERO ID: 4728664

Domain Metric Rating Comments

Metric 3B: Selective Reporting Medium The authors described their analyses in the methods section and results were reported for

all analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium The authors did not specify the strategy used to identify confounders. All models ad-
justed a priori for urine specific gravity, maternal age, race, and education; models for
non-DEHP metabolites additionally adjusted for private vs. public health insurance
provider. Repeated measures models additionally adjusted for time of sample collection.
The same adjustments were included in an earlier study using the same data to analyze
individual phthalates and preterm birth (but not gestational age at delivery or phtha-
late mixtures), which used a 10% change in estimate criterion to select additional con-
founders selected from covariates that included infant sex, maternal smoking, alcohol
use, parity and use of assisted reproductive technology (Ferguson et al. 2014, HEROID
2345449). Co-exposure to other phthalates was addressed using two general approaches
to develop phthalate mixture variables (weighted quantile sums and environmental risk
scores) as detailed in the methods. There was no evidence that important confounders
were omitted or that intermediate variables were inappropriately included.

Domain 5: Analysis

Metric SA:  Analysis Medium Descriptive data included distributions of covariates among preterm (<37 weeks of
gestation) and non-preterm infants, and detailed distributions of phthalate metabolites.
As data came from a nested case control sample, inverse probability sample weights
for the overall cohort were applied in all analyses. Phthalate variables were natural log
transformed for analysis. Models analyzing exposure as the mean of measures from up
to three visits adjusted for mean specific gravity to address dilution; models analyzing
repeated measures included individual specific gravity measures. Repeated phthalates
measures were analyzed using a two-step approach: subject-specific intercepts were ex-
tracted from a linear mixed effects model with random intercepts fitted to the phthalates
measures and used as predictors in the outcome models. Associations between an IQR
increase in phthalates and infant age at delivery were compared from models using lo-
gistic regression (for preterm birth) vs. Cox proportional hazards regression and acceler-
ated failure time models (for gestational age at delivery). The authors did not explicitly
specify using complete case analysis (n=12 had missing covariate) or discuss model as-
sumptions; effect modification by variables such as infant sex was not discussed. There
was no evidence of important deficiencies or errors in the analyses.

Metric 5B: Sensitivity Medium The study included adequate sample size and adequate variability in exposure levels
to evaluate the primary study hypothesis. No major concerns were identified for study
sensitivity.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl)-hexyl phthalate (MEHP)

HERO ID: 4728664

Domain Metric Rating Comments

Additional Comments:  This study analyzed the relationship between phthalates and time to delivery among 482 singleton infants from a cohort that recruited ~ 1600 pregnant
women in the Boston area in 2006-2008. The study re-analyzed data from a nested case-control study of preterm birth (n=130 cases), applying inverse
probability weights to compute inferences for the overall cohort. Using the mean of phthalates measured in up to three spot urines collected throughout
pregnancy, the sum of DEHP metabolites was associated with significantly shorter gestation using three approaches: Cox regression, accelerated failure
time models, and logistic regression modeling preterm birth. The individual metabolites MBzP and MBP were also associated with significantly shorter
gestation using Cox models. Furthermore, multiple indices of phthalates mixtures were associated with significantly shorter gestation using all three
approaches. Findings suggest that that prenatal exposure to several phthalates in pregnancy may reduce the duration of gestation.

Overall Quality Determination Medium
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Re(pr)oductive/Developmental— Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728664

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium The authors analyzed data from a nested case-control study that comprised 130 preterm

infants and 352 randomly selected infants delivered at >37 weeks. The parent cohort
recruited women at <17 weeks gestation from prenatal clinics in the Boston area who
planned to deliver at Brigham and Women’s Hospital (n=1600 recruited from 2006 to
2008; 1181 [74%] followed through delivery with live singleton infants). Further details
on participation rates and loss to follow-up were not provided. There was no evidence
that participation was associated with either phthalates exposure or birth outcomes, nor
any other evidence raising concerns related to selection bias.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement High Exposure was assessed using phthalate metabolites measured in spot urine samples col-
lected at up to three clinic visits. Measures included four DEHP metabolites (MEHP,
MEHHP, MEOHP, MECPP), MBzP (BBP metabolite), MBP (DBP metabolite), and
MiBP (DiBP metabolite). Samples were analyzed by an accredited laboratory (NSF In-
ternational, Ann Arbor, MI) using HPLC-MS methods developed by the CDC, described
elsewhere. Quality control procedures specific to this study were not described. Visits
occurred at median times of 9.71, 17.9, and 26.0 weeks of gestation; samples from a 4th
visit at 33 to 38 weeks were included in repeated measures analyses but excluded from
calculating average exposure given low availability among cases. Case and control Ns
for each visit were: 129 and 350; 118 and 304; 111 and 301; and 66, 314, respectively.
Samples below LOD (ranging from 0 to 4.7%) were imputed as LOD divided by the
square root of 2. Models adjusted for specific gravity to account for urine dilution. Ex-
posure to individual phthalates or the sum of four DEHP metabolites was analyzed as
the mean of up to three measures or using up to four repeated measures in linear mixed
models. Given the short half-life of metabolites, estimating prenatal phthalates exposure
using multiple samples collected throughout pregnancy to reduce exposure misclassifi-
cation was a strength of this study.

Domain 3: Outcome Assessment
Metric 3A: Outcome Ascertainment Medium Outcomes analyzed included preterm birth defined as <37 weeks of gestation, and ges-
tational age at delivery analyzed continuously. Gestational ages at individual clinic visits
and at delivery were calculated based on last menstrual period (LMP) and confirmed by
first trimester ultrasound. Details on how LMP-estimated gestational age was evaluated
and adjusted based on ultrasound data were not provided. However, there was no evi-
dence of important error or bias.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728664

Domain Metric Rating Comments

Metric 3B: Selective Reporting Medium The authors described their analyses in the methods section and results were reported for

all analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium The authors did not specify the strategy used to identify confounders. All models ad-
justed a priori for urine specific gravity, maternal age, race, and education; models for
non-DEHP metabolites additionally adjusted for private vs. public health insurance
provider. Repeated measures models additionally adjusted for time of sample collection.
The same adjustments were included in an earlier study using the same data to analyze
individual phthalates and preterm birth (but not gestational age at delivery or phtha-
late mixtures), which used a 10% change in estimate criterion to select additional con-
founders selected from covariates that included infant sex, maternal smoking, alcohol
use, parity and use of assisted reproductive technology (Ferguson et al. 2014, HEROID
2345449). Co-exposure to other phthalates was addressed using two general approaches
to develop phthalate mixture variables (weighted quantile sums and environmental risk
scores) as detailed in the methods. There was no evidence that important confounders
were omitted or that intermediate variables were inappropriately included.

Domain 5: Analysis

Metric SA:  Analysis Medium Descriptive data included distributions of covariates among preterm (<37 weeks of
gestation) and non-preterm infants, and detailed distributions of phthalate metabolites.
As data came from a nested case control sample, inverse probability sample weights
for the overall cohort were applied in all analyses. Phthalate variables were natural log
transformed for analysis. Models analyzing exposure as the mean of measures from up
to three visits adjusted for mean specific gravity to address dilution; models analyzing
repeated measures included individual specific gravity measures. Repeated phthalates
measures were analyzed using a two-step approach: subject-specific intercepts were ex-
tracted from a linear mixed effects model with random intercepts fitted to the phthalates
measures and used as predictors in the outcome models. Associations between an IQR
increase in phthalates and infant age at delivery were compared from models using lo-
gistic regression (for preterm birth) vs. Cox proportional hazards regression and acceler-
ated failure time models (for gestational age at delivery). The authors did not explicitly
specify using complete case analysis (n=12 had missing covariate) or discuss model as-
sumptions; effect modification by variables such as infant sex was not discussed. There
was no evidence of important deficiencies or errors in the analyses.

Metric 5B: Sensitivity Medium The study included adequate sample size and adequate variability in exposure levels
to evaluate the primary study hypothesis. No major concerns were identified for study
sensitivity.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728664

Domain Metric Rating Comments

Additional Comments:  This study analyzed the relationship between phthalates and time to delivery among 482 singleton infants from a cohort that recruited ~ 1600 pregnant
women in the Boston area in 2006-2008. The study re-analyzed data from a nested case-control study of preterm birth (n=130 cases), applying inverse
probability weights to compute inferences for the overall cohort. Using the mean of phthalates measured in up to three spot urines collected throughout
pregnancy, the sum of DEHP metabolites was associated with significantly shorter gestation using three approaches: Cox regression, accelerated failure
time models, and logistic regression modeling preterm birth. The individual metabolites MBzP and MBP were also associated with significantly shorter
gestation using Cox models. Furthermore, multiple indices of phthalates mixtures were associated with significantly shorter gestation using all three
approaches. Findings suggest that that prenatal exposure to several phthalates in pregnancy may reduce the duration of gestation.

Overall Quality Determination Medium
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.

Environment International 120:34-42.

Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin
Outcome(s) (Hb), and platelet counts (PLT), Non-cancer
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)
HERO ID: 4728517
Domain Metric Rating Comments

Domain 1: Study Participation
Metric 1A:  Participant Selection

Medium

This baseline analysis of a birth cohort study examined the relationship between uri-
nary metabolites of DBP (MBP), BBP (MBzP), and DEHP (MEHP, MEHHP, MEOHP,
and MECPP) and hematologic measures. Women (mean age 28.6 years) were recruited
between December 2013 and October 2015 from the Wuhan Medical and Healthcare
Center for Women and Children in Wuhan, China. Eligibility criteria included singleton
pregnancy, residence in Wuhan for the foreseeable future, donated urine sample before
delivery, complete routine blood tests and coagulation function tests, and completed a
face-to-face questionnaire prior to delivery. Hematologic parameters were measured in
either routine testing throughout pregnancy (blood cell counts, coagulation parameters)
or in the late third trimester prior to delivery (anemia). Urine samples were collected
prior to delivery. Detailed participation rates during recruitment were not reported. Of
1642 women recruited, this study included 1482 (90.3%) participants with complete
urine phthalates and blood test data after excluding 132 women with intravenous fluids
or urine catheterization within two weeks before the urine samples were collected (po-
tential for phthalates contamination) and 28 with a history of third trimester medications
related to infections (potential for infection-related anemia). There was no evidence of
selection bias, as inclusion was not likely related to exposure, and attrition from the ini-
tial sample was low.

Domain 2: Exposure Characterization

Continued on next page ...

Page 35 of 549



Diethylhexyl Phthalate

Human Health Hazard Epidemology Evaluation

HERO ID: 4728517 Table

:1lof2

...continued from previous page

Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin

Outcome(s) (Hb), and platelet counts (PLT), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728517

Domain Metric Rating Comments

Metric 2A: Exposure Measurement Low Phthalates metabolites were measured in a single spot urine sample collected from each

participant on the day of admission to the hospital before delivery. Analyses used solid
phase extraction coupled with an ultra-performance liquid chromatography-tandem
mass spectrometry. Detection rates were high for MBP, MEHP, MEHHP, MEOHP,

and MECPP (98.9, 91.0, 99.9, 99.8, and 99.8% respectively), and adequate for MBzP
(74.5%). The limits of detection (LOD) were 0.5 ug/L for MBP and MEHP, 0.1 ug/L for
MBzP, and 0.2 ug/for MEHHP, MEOHP, and MECPP, with concentrations below LOD
imputed as the LOD divided by the square root of 2. Specific gravity (SG) was used to
correct for urine dilution. Each batch of thirty samples included calibration standards,
reagent blanks, field blanks and isotope-labels quality control of high and low internal
standards. Recoveries ranged from 88.2 to 105.2%. Though external standards were not
used, there was no evidence of a lack of robustness. A strength was that women with
intravenous fluids or urine catheterization in the previous two weeks were excluded due
to risk of urine sample contamination. A limitation of this study was that some misclas-
sification of habitual phthalates exposure was likely, given the short half-life of phthalate
metabolites and use of a single random spot urine to estimate exposure. The authors
described data from other studies to suggest that estimates of low molecular weight
phthalates such as MBP may be more reliable than those others. A more important po-
tential limitation was the use of a single exposure measure close to delivery to estimate
potential effects of phthalates on outcomes measured as early as the first trimester. Out-
comes obtained from routine clinical testing were measured from <18.5 to >24 weeks’
gestation. Only one outcome, third trimester anemia, was measured concurrently with
exposure. Despite concerns, there was no direct evidence of important bias.

Domain 3: Outcome Assessment

Continued on next page ...
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin

Outcome(s) (Hb), and platelet counts (PLT), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728517

Domain Metric Rating Comments

Metric 3A:  Outcome Ascertainment Medium Data on blood cell counts and coagulation parameters was obtained from routine test-

ing by professional clinical laboratorians following standard operating procedures for
the healthcare center. Samples were tested for total white blood cell count (WBC), red
blood cell count (RBC), hemoglobin (Hb), and platelet counts (PLT) within two hours
after collection using an automatic blood cell analyzer. In addition, samples were anti-
coagulated for fifteen minutes to obtain plasma and the following routine coagulation
measures were obtained using an automated analyzer: activated partial thromboplastic
time (APTT), prothrombin time (PT), thromboplastin time (TT) and fibrinogen (Fg).
These routine hemostatic measures were analyzed as continuous measures. Reference
intervals to define measures of potential concern were not applied; the authors noted that
standard cutoffs my not be suitable for pregnant women given that normal pregnancy in-
volves changes in blood volume and the coagulation system. However, non-established
trimester-specific reference intervals from several publications were presented in the
supplemental materials. The timing of the routine clinical measures collected in this
study varied considerably: 19% prior to 18.5 weeks, 68% 18.5 to 23.9 weeks, and 13.5%
>=24 weeks gestation. The authors adjusted for gestational age at sample collection in
statistical models. While the authors did not discuss whether the variable timing might
relate to complications that arose throughout pregnancy they presented, a sensitivity
analysis excluding women with gestational hypertension, gestational diabetes or sponta-
neous membrane rupture; findings did not meaningfully change. There was no evidence
of important error or bias.

Metric 3B: Selective Reporting Medium Results were presented or described for all primary and secondary analyses discussed in
the methods section.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Low Potential confounders were described as selected based on previous studies. The authors
used a forward stepwise model selection procedure to identify covariates for the final
model based on statistical significance of p<0.10 for at least one of the outcomes. Uni-
variate distributions of confounders were presented, but not their relationship with the
multiple outcome and exposure variables analyzed. The covariates in the final models
included gestational age at sample collection, pre-pregnancy BMI, age, parity, gesta-
tional diabetes mellitus, gestational hypertension disorder, education status, passive
smoking during pregnancy, and iron supplementation during pregnancy. Folate sup-
plementation was additionally included in models for coagulation parameters (e.g.
APTT/PT/TT/Fg), and infant sex in models for cell counts and anemia. Co-exposure
confounding was not discussed (e.g. using mixture models). A potential limitation is the
use of statistical significance rather than either change-in-estimate or a causal diagram
to identify covariates for the final model. While infant sex was excluded coagulation
parameter models, there was no direct evidence of important error or bias resulting from
inadequate confounder adjustment.
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S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin

Outcome(s) (Hb), and platelet counts (PLT), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728517

Domain Metric Rating Comments

Domain 5: Analysis

Metric SA:  Analysis Medium Detailed univariate descriptive data for both exposure and outcome variables were

presented. The study was largely limited to women with complete data; only 0.4% of
women were missing data on third trimester anemia. When analyzed as continuous vari-
ables, SG-corrected phthalate metabolite concentrations were In-transformed to reduce
the influence of extreme values. One outcome variable (thromboplastin time, TT) was
also In-transformed based on the results of the Kolmogorov-Smirnov normality test.
Spearman correlations were presented to characterize unadjusted associations among
variables. Continuous outcome variables were analyzed using general linear models and
continuous exposure variables. In logistic regression models used for anemia, a categor-
ical outcome, exposure was analyzed using both In-transformed continuous variables
and tertiles. Results were presented as beta coefficients or odd ratios with 95% confi-
dence intervals and p-values. A sensitivity analysis restricted the sample to participants
without gestational hypertension disorders, gestational diabetes mellitus or spontaneous
membrane rupture before urine sample collection. The authors also calculated and pre-
sented p-values adjusted for false discovery rate to account for multiple comparisons.
There was no evidence of important deficiencies with respect to analysis.

Metric 5B: Sensitivity Medium Sample size was large (n =1482 total). The authors reported results of post-hoc tests
suggesting that statistical power was adequate, but details on how tests were conducted
were not reported (range from 0.92 to 0.98 for multiple regression and 0.96 to 0.97 for
logistic regression). Descriptive data indicated that there was variability in phthalates
exposures (e.g. median [IQR] for MBP, which had the highest median concentration,
was 78.8 [26.2, 215] ug/L, and MBzP, which had the lowest, was 0.07 ug/L [<LOD,
0.16]. Continuous outcomes had variability, and the prevalence of third trimester anemia
was 16.0%. There was no evidence that sensitivity was inadequate.

Additional Comments:

This baseline analysis of a birth cohort study included n=1482 pregnant women. The study examined the relationship between urinary phthalate metabolites
measured shortly before delivery and third trimester anemia measured concurrently with phthalates, as well as routine hematologic parameters (blood cell
counts, coagulation parameters) measured throughout pregnancy. Limitations included the timing of exposure measurements relative to outcomes besides
anemia, as well as the use of a single random spot urine to characterize exposure. While previous literature was used to identify potential confounders a
priori, final variables were selected based on statistical significance. Although there was no direct evidence of important bias, the use of a single exposure
measure collected close to delivery to estimate potential effects of phthalates on outcomes measured as early as the first trimester limits confidence in
findings for associations with routine hematology outcomes.

Overall Quality Determination Medium

Page 38 of 549



Diethylhexyl Phthalate

Human Health Hazard Epidemology Evaluation HERO ID: 4728517 Table: 2 of 2

Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

HERO ID: 4728517

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium This baseline analysis of a birth cohort study examined the relationship between uri-

nary metabolites of DBP (MBP), BBP (MBzP), and DEHP (MEHP, MEHHP, MEOHP,
and MECPP) and hematologic measures. Women (mean age 28.6 years) were recruited
between December 2013 and October 2015 from the Wuhan Medical and Healthcare
Center for Women and Children in Wuhan, China. Eligibility criteria included singleton
pregnancy, residence in Wuhan for the foreseeable future, donated urine sample before
delivery, complete routine blood tests and coagulation function tests, and completed a
face-to-face questionnaire prior to delivery. Hematologic parameters were measured in
either routine testing throughout pregnancy (blood cell counts, coagulation parameters)
or in the late third trimester prior to delivery (anemia). Urine samples were collected
prior to delivery. Detailed participation rates during recruitment were not reported. Of
1642 women recruited, this study included 1482 (90.3%) participants with complete
urine phthalates and blood test data after excluding 132 women with intravenous fluids
or urine catheterization within two weeks before the urine samples were collected (po-
tential for phthalates contamination) and 28 with a history of third trimester medications
related to infections (potential for infection-related anemia). There was no evidence of
selection bias, as inclusion was not likely related to exposure, and attrition from the ini-
tial sample was low.

Domain 2: Exposure Characterization

Continued on next page...
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S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.

Environment International 120:34-42.
Health

Outcome(s)
Assessed:
Chemical:

HERO ID: 4728517

Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer

Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)

Domain Metric

Rating

Comments

Metric 2A:  Exposure Measurement

Medium

Phthalates metabolites were measured in a single spot urine sample collected from each
participant on the day of admission to the hospital before delivery. Analyses used solid
phase extraction coupled with an ultra-performance liquid chromatography-tandem
mass spectrometry. Detection rates were high for MBP, MEHP, MEHHP, MEOHP,

and MECPP (98.9, 91.0, 99.9, 99.8, and 99.8% respectively), and adequate for MBzP
(74.5%). The limits of detection (LOD) were 0.5 ug/L for MBP and MEHP, 0.1 ug/L for
MBzP, and 0.2 ug/for MEHHP, MEOHP, and MECPP, with concentrations below LOD
imputed as the LOD divided by the square root of 2. Specific gravity (SG) was used to
correct for urine dilution. Each batch of thirty samples included calibration standards,
reagent blanks, field blanks and isotope-labels quality control of high and low internal
standards. Recoveries ranged from 88.2 to 105.2%. Though external standards were not
used, there was no evidence of a lack of robustness. A strength was that women with
intravenous fluids or urine catheterization in the previous two weeks were excluded due
to risk of urine sample contamination. A limitation of this study was that some misclas-
sification of habitual phthalates exposure was likely, given the short half-life of phthalate
metabolites and use of a single random spot urine to estimate exposure. The authors
described data from other studies to suggest that estimates of low molecular weight
phthalates such as MBP may be more reliable than those others. A more important po-
tential limitation was the use of a single exposure measure close to delivery to estimate
potential effects of phthalates on outcomes measured as early as the first trimester. Out-
comes obtained from routine clinical testing were measured from <18.5 to >24 weeks’
gestation. Only one outcome, third trimester anemia, was measured concurrently with
exposure. Despite concerns, there was no direct evidence of important bias.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment

Metric 3B: Selective Reporting

Medium

Medium

Anemia in the third trimester was measured in blood samples collected shortly before
delivery and was defined as hemoglobin (Hb) Hb concentration <110 g/L in third
trimester, in accordance with a 2008 WHO reference. This measure is appropriate but
lacks specificity in that it does not identify types of anemia, i.e. due to deficiencies in
iron, folate, B12 or other causes such as changes in blood volume. In addition, authors
did not discuss the timing or duration of anemia, i.e., whether any participants had been
previously identified as having anemia during pregnancy that remained unresolved.
Results were presented or described for all primary and secondary analyses discussed in
the methods section.

Domain 4: Potential Confounding / Variability Control

Continued on next page...
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)
HERO ID: 4728517
Domain Metric Rating Comments
Metric 4A:  Potential Confounding Low Potential confounders were described as selected based on previous studies. The authors

used a forward stepwise model selection procedure to identify covariates for the final
model based on statistical significance of p<0.10 for at least one of the outcomes. Uni-
variate distributions of confounders were presented, but not their relationship with the
multiple outcome and exposure variables analyzed. The covariates in the final models
included gestational age at sample collection, pre-pregnancy BMI, age, parity, gesta-
tional diabetes mellitus, gestational hypertension disorder, education status, passive
smoking during pregnancy, and iron supplementation during pregnancy. Folate sup-
plementation was additionally included in models for coagulation parameters (e.g.
APTT/PT/TT/Fg), and infant sex in models for cell counts and anemia. Co-exposure
confounding was not discussed (e.g. using mixture models). A potential limitation is the
use of statistical significance rather than either change-in-estimate or a causal diagram
to identify covariates for the final model. While infant sex was excluded coagulation
parameter models, there was no direct evidence of important error or bias resulting from
inadequate confounder adjustment.

Domain 5: Analysis
Metric SA: Analysis Medium Detailed univariate descriptive data for both exposure and outcome variables were

presented. The study was largely limited to women with complete data; only 0.4% of
women were missing data on third trimester anemia. When analyzed as continuous vari-
ables, SG-corrected phthalate metabolite concentrations were In-transformed to reduce
the influence of extreme values. One outcome variable (thromboplastin time, TT) was
also In-transformed based on the results of the Kolmogorov-Smirnov normality test.
Spearman correlations were presented to characterize unadjusted associations among
variables. Continuous outcome variables were analyzed using general linear models and
continuous exposure variables. In logistic regression models used for anemia, a categor-
ical outcome, exposure was analyzed using both In-transformed continuous variables
and tertiles. Results were presented as beta coefficients or odd ratios with 95% confi-
dence intervals and p-values. A sensitivity analysis restricted the sample to participants
without gestational hypertension disorders, gestational diabetes mellitus or spontaneous
membrane rupture before urine sample collection. The authors also calculated and pre-
sented p-values adjusted for false discovery rate to account for multiple comparisons.
There was no evidence of important deficiencies with respect to analysis.
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-carboxypentyl)phthalate (MECPP)
HERO ID: 4728517
Domain Metric Rating Comments
Metric 5B: Sensitivity Medium Sample size was large (n =1482 total). The authors reported results of post-hoc tests

suggesting that statistical power was adequate, but details on how tests were conducted
were not reported (range from 0.92 to 0.98 for multiple regression and 0.96 to 0.97 for
logistic regression). Descriptive data indicated that there was variability in phthalates
exposures (e.g. median [IQR] for MBP, which had the highest median concentration,
was 78.8 [26.2, 215] ug/L, and MBzP, which had the lowest, was 0.07 ug/L [<LOD,
0.16]. Continuous outcomes had variability, and the prevalence of third trimester anemia
was 16.0%. There was no evidence that sensitivity was inadequate.

Additional Comments:  This baseline analysis of a birth cohort study included n=1482 pregnant women. The study examined the relationship between urinary phthalate metabolites
measured shortly before delivery and third trimester anemia measured concurrently with phthalates, as well as routine hematologic parameters (blood cell
counts, coagulation parameters) measured throughout pregnancy. Limitations included the timing of exposure measurements relative to outcomes besides
anemia, as well as the use of a single random spot urine to characterize exposure. Anemia was defined based on hemoglobin levels; the study did not
additionally include information on anemia type or duration. While previous literature was used to identify potential confounders a priori, final variables
were selected based on statistical significance. Despite some limitations, there was no direct evidence of important error or bias in analyses relating
phthalates metabolites in late pregnancy to third trimester anemia.

Overall Quality Determination Medium
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Re(pr)oductive/Developmental— Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728664

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium The authors analyzed data from a nested case-control study that comprised 130 preterm

infants and 352 randomly selected infants delivered at >37 weeks. The parent cohort
recruited women at <17 weeks gestation from prenatal clinics in the Boston area who
planned to deliver at Brigham and Women’s Hospital (n=1600 recruited from 2006 to
2008; 1181 [74%] followed through delivery with live singleton infants). Further details
on participation rates and loss to follow-up were not provided. There was no evidence
that participation was associated with either phthalates exposure or birth outcomes, nor
any other evidence raising concerns related to selection bias.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement High Exposure was assessed using phthalate metabolites measured in spot urine samples col-
lected at up to three clinic visits. Measures included four DEHP metabolites (MEHP,
MEHHP, MEOHP, MECPP), MBzP (BBP metabolite), MBP (DBP metabolite), and
MiBP (DiBP metabolite). Samples were analyzed by an accredited laboratory (NSF In-
ternational, Ann Arbor, MI) using HPLC-MS methods developed by the CDC, described
elsewhere. Quality control procedures specific to this study were not described. Visits
occurred at median times of 9.71, 17.9, and 26.0 weeks of gestation; samples from a 4th
visit at 33 to 38 weeks were included in repeated measures analyses but excluded from
calculating average exposure given low availability among cases. Case and control Ns
for each visit were: 129 and 350; 118 and 304; 111 and 301; and 66, 314, respectively.
Samples below LOD (ranging from 0 to 4.7%) were imputed as LOD divided by the
square root of 2. Models adjusted for specific gravity to account for urine dilution. Ex-
posure to individual phthalates or the sum of four DEHP metabolites was analyzed as
the mean of up to three measures or using up to four repeated measures in linear mixed
models. Given the short half-life of metabolites, estimating prenatal phthalates exposure
using multiple samples collected throughout pregnancy to reduce exposure misclassifi-
cation was a strength of this study.

Domain 3: Outcome Assessment
Metric 3A: Outcome Ascertainment Medium Outcomes analyzed included preterm birth defined as <37 weeks of gestation, and ges-
tational age at delivery analyzed continuously. Gestational ages at individual clinic visits
and at delivery were calculated based on last menstrual period (LMP) and confirmed by
first trimester ultrasound. Details on how LMP-estimated gestational age was evaluated
and adjusted based on ultrasound data were not provided. However, there was no evi-
dence of important error or bias.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

QOutcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728664

Domain Metric Rating Comments

Metric 3B: Selective Reporting Medium The authors described their analyses in the methods section and results were reported for

all analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium The authors did not specify the strategy used to identify confounders. All models ad-
justed a priori for urine specific gravity, maternal age, race, and education; models for
non-DEHP metabolites additionally adjusted for private vs. public health insurance
provider. Repeated measures models additionally adjusted for time of sample collection.
The same adjustments were included in an earlier study using the same data to analyze
individual phthalates and preterm birth (but not gestational age at delivery or phtha-
late mixtures), which used a 10% change in estimate criterion to select additional con-
founders selected from covariates that included infant sex, maternal smoking, alcohol
use, parity and use of assisted reproductive technology (Ferguson et al. 2014, HEROID
2345449). Co-exposure to other phthalates was addressed using two general approaches
to develop phthalate mixture variables (weighted quantile sums and environmental risk
scores) as detailed in the methods. There was no evidence that important confounders
were omitted or that intermediate variables were inappropriately included.

Domain 5: Analysis

Metric SA:  Analysis Medium Descriptive data included distributions of covariates among preterm (<37 weeks of
gestation) and non-preterm infants, and detailed distributions of phthalate metabolites.
As data came from a nested case control sample, inverse probability sample weights
for the overall cohort were applied in all analyses. Phthalate variables were natural log
transformed for analysis. Models analyzing exposure as the mean of measures from up
to three visits adjusted for mean specific gravity to address dilution; models analyzing
repeated measures included individual specific gravity measures. Repeated phthalates
measures were analyzed using a two-step approach: subject-specific intercepts were ex-
tracted from a linear mixed effects model with random intercepts fitted to the phthalates
measures and used as predictors in the outcome models. Associations between an IQR
increase in phthalates and infant age at delivery were compared from models using lo-
gistic regression (for preterm birth) vs. Cox proportional hazards regression and acceler-
ated failure time models (for gestational age at delivery). The authors did not explicitly
specify using complete case analysis (n=12 had missing covariate) or discuss model as-
sumptions; effect modification by variables such as infant sex was not discussed. There
was no evidence of important deficiencies or errors in the analyses.

Metric 5B: Sensitivity Medium The study included adequate sample size and adequate variability in exposure levels
to evaluate the primary study hypothesis. No major concerns were identified for study
sensitivity.
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of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728664

Domain Metric Rating Comments

Additional Comments:  This study analyzed the relationship between phthalates and time to delivery among 482 singleton infants from a cohort that recruited ~ 1600 pregnant
women in the Boston area in 2006-2008. The study re-analyzed data from a nested case-control study of preterm birth (n=130 cases), applying inverse
probability weights to compute inferences for the overall cohort. Using the mean of phthalates measured in up to three spot urines collected throughout
pregnancy, the sum of DEHP metabolites was associated with significantly shorter gestation using three approaches: Cox regression, accelerated failure
time models, and logistic regression modeling preterm birth. The individual metabolites MBzP and MBP were also associated with significantly shorter
gestation using Cox models. Furthermore, multiple indices of phthalates mixtures were associated with significantly shorter gestation using all three
approaches. Findings suggest that that prenatal exposure to several phthalates in pregnancy may reduce the duration of gestation.

Overall Quality Determination Medium
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S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.

Environment International 120:34-42.

Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin
Outcome(s) (Hb), and platelet counts (PLT), Non-cancer
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 4728517
Domain Metric Rating Comments

Domain 1: Study Participation
Metric 1A:  Participant Selection

Medium

This baseline analysis of a birth cohort study examined the relationship between uri-
nary metabolites of DBP (MBP), BBP (MBzP), and DEHP (MEHP, MEHHP, MEOHP,
and MECPP) and hematologic measures. Women (mean age 28.6 years) were recruited
between December 2013 and October 2015 from the Wuhan Medical and Healthcare
Center for Women and Children in Wuhan, China. Eligibility criteria included singleton
pregnancy, residence in Wuhan for the foreseeable future, donated urine sample before
delivery, complete routine blood tests and coagulation function tests, and completed a
face-to-face questionnaire prior to delivery. Hematologic parameters were measured in
either routine testing throughout pregnancy (blood cell counts, coagulation parameters)
or in the late third trimester prior to delivery (anemia). Urine samples were collected
prior to delivery. Detailed participation rates during recruitment were not reported. Of
1642 women recruited, this study included 1482 (90.3%) participants with complete
urine phthalates and blood test data after excluding 132 women with intravenous fluids
or urine catheterization within two weeks before the urine samples were collected (po-
tential for phthalates contamination) and 28 with a history of third trimester medications
related to infections (potential for infection-related anemia). There was no evidence of
selection bias, as inclusion was not likely related to exposure, and attrition from the ini-
tial sample was low.

Domain 2: Exposure Characterization
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin

Outcome(s) (Hb), and platelet counts (PLT), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728517

Domain Metric Rating Comments

Metric 2A: Exposure Measurement Low Phthalates metabolites were measured in a single spot urine sample collected from each

participant on the day of admission to the hospital before delivery. Analyses used solid
phase extraction coupled with an ultra-performance liquid chromatography-tandem
mass spectrometry. Detection rates were high for MBP, MEHP, MEHHP, MEOHP,

and MECPP (98.9, 91.0, 99.9, 99.8, and 99.8% respectively), and adequate for MBzP
(74.5%). The limits of detection (LOD) were 0.5 ug/L for MBP and MEHP, 0.1 ug/L for
MBzP, and 0.2 ug/for MEHHP, MEOHP, and MECPP, with concentrations below LOD
imputed as the LOD divided by the square root of 2. Specific gravity (SG) was used to
correct for urine dilution. Each batch of thirty samples included calibration standards,
reagent blanks, field blanks and isotope-labels quality control of high and low internal
standards. Recoveries ranged from 88.2 to 105.2%. Though external standards were not
used, there was no evidence of a lack of robustness. A strength was that women with
intravenous fluids or urine catheterization in the previous two weeks were excluded due
to risk of urine sample contamination. A limitation of this study was that some misclas-
sification of habitual phthalates exposure was likely, given the short half-life of phthalate
metabolites and use of a single random spot urine to estimate exposure. The authors
described data from other studies to suggest that estimates of low molecular weight
phthalates such as MBP may be more reliable than those others. A more important po-
tential limitation was the use of a single exposure measure close to delivery to estimate
potential effects of phthalates on outcomes measured as early as the first trimester. Out-
comes obtained from routine clinical testing were measured from <18.5 to >24 weeks’
gestation. Only one outcome, third trimester anemia, was measured concurrently with
exposure. Despite concerns, there was no direct evidence of important bias.

Domain 3: Outcome Assessment
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Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin

Outcome(s) (Hb), and platelet counts (PLT), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728517

Domain Metric Rating Comments

Metric 3A:  Outcome Ascertainment Medium Data on blood cell counts and coagulation parameters was obtained from routine test-

ing by professional clinical laboratorians following standard operating procedures for
the healthcare center. Samples were tested for total white blood cell count (WBC), red
blood cell count (RBC), hemoglobin (Hb), and platelet counts (PLT) within two hours
after collection using an automatic blood cell analyzer. In addition, samples were anti-
coagulated for fifteen minutes to obtain plasma and the following routine coagulation
measures were obtained using an automated analyzer: activated partial thromboplastic
time (APTT), prothrombin time (PT), thromboplastin time (TT) and fibrinogen (Fg).
These routine hemostatic measures were analyzed as continuous measures. Reference
intervals to define measures of potential concern were not applied; the authors noted that
standard cutoffs my not be suitable for pregnant women given that normal pregnancy in-
volves changes in blood volume and the coagulation system. However, non-established
trimester-specific reference intervals from several publications were presented in the
supplemental materials. The timing of the routine clinical measures collected in this
study varied considerably: 19% prior to 18.5 weeks, 68% 18.5 to 23.9 weeks, and 13.5%
>=24 weeks gestation. The authors adjusted for gestational age at sample collection in
statistical models. While the authors did not discuss whether the variable timing might
relate to complications that arose throughout pregnancy they presented, a sensitivity
analysis excluding women with gestational hypertension, gestational diabetes or sponta-
neous membrane rupture; findings did not meaningfully change. There was no evidence
of important error or bias.

Metric 3B: Selective Reporting Medium Results were presented or described for all primary and secondary analyses discussed in
the methods section.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Low Potential confounders were described as selected based on previous studies. The authors
used a forward stepwise model selection procedure to identify covariates for the final
model based on statistical significance of p<0.10 for at least one of the outcomes. Uni-
variate distributions of confounders were presented, but not their relationship with the
multiple outcome and exposure variables analyzed. The covariates in the final models
included gestational age at sample collection, pre-pregnancy BMI, age, parity, gesta-
tional diabetes mellitus, gestational hypertension disorder, education status, passive
smoking during pregnancy, and iron supplementation during pregnancy. Folate sup-
plementation was additionally included in models for coagulation parameters (e.g.
APTT/PT/TT/Fg), and infant sex in models for cell counts and anemia. Co-exposure
confounding was not discussed (e.g. using mixture models). A potential limitation is the
use of statistical significance rather than either change-in-estimate or a causal diagram
to identify covariates for the final model. While infant sex was excluded coagulation
parameter models, there was no direct evidence of important error or bias resulting from
inadequate confounder adjustment.
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Health Immune/Hematological- Maternal hematologic parameters in pregnancy: total white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin

Outcome(s) (Hb), and platelet counts (PLT), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728517

Domain Metric Rating Comments

Domain 5: Analysis

Metric SA:  Analysis Medium Detailed univariate descriptive data for both exposure and outcome variables were

presented. The study was largely limited to women with complete data; only 0.4% of
women were missing data on third trimester anemia. When analyzed as continuous vari-
ables, SG-corrected phthalate metabolite concentrations were In-transformed to reduce
the influence of extreme values. One outcome variable (thromboplastin time, TT) was
also In-transformed based on the results of the Kolmogorov-Smirnov normality test.
Spearman correlations were presented to characterize unadjusted associations among
variables. Continuous outcome variables were analyzed using general linear models and
continuous exposure variables. In logistic regression models used for anemia, a categor-
ical outcome, exposure was analyzed using both In-transformed continuous variables
and tertiles. Results were presented as beta coefficients or odd ratios with 95% confi-
dence intervals and p-values. A sensitivity analysis restricted the sample to participants
without gestational hypertension disorders, gestational diabetes mellitus or spontaneous
membrane rupture before urine sample collection. The authors also calculated and pre-
sented p-values adjusted for false discovery rate to account for multiple comparisons.
There was no evidence of important deficiencies with respect to analysis.

Metric 5B: Sensitivity Medium Sample size was large (n =1482 total). The authors reported results of post-hoc tests
suggesting that statistical power was adequate, but details on how tests were conducted
were not reported (range from 0.92 to 0.98 for multiple regression and 0.96 to 0.97 for
logistic regression). Descriptive data indicated that there was variability in phthalates
exposures (e.g. median [IQR] for MBP, which had the highest median concentration,
was 78.8 [26.2, 215] ug/L, and MBzP, which had the lowest, was 0.07 ug/L [<LOD,
0.16]. Continuous outcomes had variability, and the prevalence of third trimester anemia
was 16.0%. There was no evidence that sensitivity was inadequate.

Additional Comments:

This baseline analysis of a birth cohort study included n=1482 pregnant women. The study examined the relationship between urinary phthalate metabolites
measured shortly before delivery and third trimester anemia measured concurrently with phthalates, as well as routine hematologic parameters (blood cell
counts, coagulation parameters) measured throughout pregnancy. Limitations included the timing of exposure measurements relative to outcomes besides
anemia, as well as the use of a single random spot urine to characterize exposure. While previous literature was used to identify potential confounders a
priori, final variables were selected based on statistical significance. Although there was no direct evidence of important bias, the use of a single exposure
measure collected close to delivery to estimate potential effects of phthalates on outcomes measured as early as the first trimester limits confidence in
findings for associations with routine hematology outcomes.

Overall Quality Determination Medium
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Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728517

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium This baseline analysis of a birth cohort study examined the relationship between uri-

nary metabolites of DBP (MBP), BBP (MBzP), and DEHP (MEHP, MEHHP, MEOHP,
and MECPP) and hematologic measures. Women (mean age 28.6 years) were recruited
between December 2013 and October 2015 from the Wuhan Medical and Healthcare
Center for Women and Children in Wuhan, China. Eligibility criteria included singleton
pregnancy, residence in Wuhan for the foreseeable future, donated urine sample before
delivery, complete routine blood tests and coagulation function tests, and completed a
face-to-face questionnaire prior to delivery. Hematologic parameters were measured in
either routine testing throughout pregnancy (blood cell counts, coagulation parameters)
or in the late third trimester prior to delivery (anemia). Urine samples were collected
prior to delivery. Detailed participation rates during recruitment were not reported. Of
1642 women recruited, this study included 1482 (90.3%) participants with complete
urine phthalates and blood test data after excluding 132 women with intravenous fluids
or urine catheterization within two weeks before the urine samples were collected (po-
tential for phthalates contamination) and 28 with a history of third trimester medications
related to infections (potential for infection-related anemia). There was no evidence of
selection bias, as inclusion was not likely related to exposure, and attrition from the ini-
tial sample was low.

Domain 2: Exposure Characterization
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Study Citation:

Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,

S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.

Environment International 120:34-42.
Health

Outcome(s)
Assessed:
Chemical:

HERO ID: 4728517

Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer

Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

Domain Metric

Rating

Comments

Metric 2A:  Exposure Measurement

Medium

Phthalates metabolites were measured in a single spot urine sample collected from each
participant on the day of admission to the hospital before delivery. Analyses used solid
phase extraction coupled with an ultra-performance liquid chromatography-tandem
mass spectrometry. Detection rates were high for MBP, MEHP, MEHHP, MEOHP,

and MECPP (98.9, 91.0, 99.9, 99.8, and 99.8% respectively), and adequate for MBzP
(74.5%). The limits of detection (LOD) were 0.5 ug/L for MBP and MEHP, 0.1 ug/L for
MBzP, and 0.2 ug/for MEHHP, MEOHP, and MECPP, with concentrations below LOD
imputed as the LOD divided by the square root of 2. Specific gravity (SG) was used to
correct for urine dilution. Each batch of thirty samples included calibration standards,
reagent blanks, field blanks and isotope-labels quality control of high and low internal
standards. Recoveries ranged from 88.2 to 105.2%. Though external standards were not
used, there was no evidence of a lack of robustness. A strength was that women with
intravenous fluids or urine catheterization in the previous two weeks were excluded due
to risk of urine sample contamination. A limitation of this study was that some misclas-
sification of habitual phthalates exposure was likely, given the short half-life of phthalate
metabolites and use of a single random spot urine to estimate exposure. The authors
described data from other studies to suggest that estimates of low molecular weight
phthalates such as MBP may be more reliable than those others. A more important po-
tential limitation was the use of a single exposure measure close to delivery to estimate
potential effects of phthalates on outcomes measured as early as the first trimester. Out-
comes obtained from routine clinical testing were measured from <18.5 to >24 weeks’
gestation. Only one outcome, third trimester anemia, was measured concurrently with
exposure. Despite concerns, there was no direct evidence of important bias.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment

Metric 3B: Selective Reporting

Medium

Medium

Anemia in the third trimester was measured in blood samples collected shortly before
delivery and was defined as hemoglobin (Hb) Hb concentration <110 g/L in third
trimester, in accordance with a 2008 WHO reference. This measure is appropriate but
lacks specificity in that it does not identify types of anemia, i.e. due to deficiencies in
iron, folate, B12 or other causes such as changes in blood volume. In addition, authors
did not discuss the timing or duration of anemia, i.e., whether any participants had been
previously identified as having anemia during pregnancy that remained unresolved.
Results were presented or described for all primary and secondary analyses discussed in
the methods section.

Domain 4: Potential Confounding / Variability Control

Continued on next page...

Page 51 of 549



Diethylhexyl Phthalate Human Health Hazard Epidemology Evaluation HERO ID: 4728517 Table: 2 of 2

...continued from previous page

Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 4728517
Domain Metric Rating Comments
Metric 4A:  Potential Confounding Low Potential confounders were described as selected based on previous studies. The authors

used a forward stepwise model selection procedure to identify covariates for the final
model based on statistical significance of p<0.10 for at least one of the outcomes. Uni-
variate distributions of confounders were presented, but not their relationship with the
multiple outcome and exposure variables analyzed. The covariates in the final models
included gestational age at sample collection, pre-pregnancy BMI, age, parity, gesta-
tional diabetes mellitus, gestational hypertension disorder, education status, passive
smoking during pregnancy, and iron supplementation during pregnancy. Folate sup-
plementation was additionally included in models for coagulation parameters (e.g.
APTT/PT/TT/Fg), and infant sex in models for cell counts and anemia. Co-exposure
confounding was not discussed (e.g. using mixture models). A potential limitation is the
use of statistical significance rather than either change-in-estimate or a causal diagram
to identify covariates for the final model. While infant sex was excluded coagulation
parameter models, there was no direct evidence of important error or bias resulting from
inadequate confounder adjustment.

Domain 5: Analysis
Metric SA: Analysis Medium Detailed univariate descriptive data for both exposure and outcome variables were

presented. The study was largely limited to women with complete data; only 0.4% of
women were missing data on third trimester anemia. When analyzed as continuous vari-
ables, SG-corrected phthalate metabolite concentrations were In-transformed to reduce
the influence of extreme values. One outcome variable (thromboplastin time, TT) was
also In-transformed based on the results of the Kolmogorov-Smirnov normality test.
Spearman correlations were presented to characterize unadjusted associations among
variables. Continuous outcome variables were analyzed using general linear models and
continuous exposure variables. In logistic regression models used for anemia, a categor-
ical outcome, exposure was analyzed using both In-transformed continuous variables
and tertiles. Results were presented as beta coefficients or odd ratios with 95% confi-
dence intervals and p-values. A sensitivity analysis restricted the sample to participants
without gestational hypertension disorders, gestational diabetes mellitus or spontaneous
membrane rupture before urine sample collection. The authors also calculated and pre-
sented p-values adjusted for false discovery rate to account for multiple comparisons.
There was no evidence of important deficiencies with respect to analysis.
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 4728517
Domain Metric Rating Comments
Metric 5B: Sensitivity Medium Sample size was large (n =1482 total). The authors reported results of post-hoc tests

suggesting that statistical power was adequate, but details on how tests were conducted
were not reported (range from 0.92 to 0.98 for multiple regression and 0.96 to 0.97 for
logistic regression). Descriptive data indicated that there was variability in phthalates
exposures (e.g. median [IQR] for MBP, which had the highest median concentration,
was 78.8 [26.2, 215] ug/L, and MBzP, which had the lowest, was 0.07 ug/L [<LOD,
0.16]. Continuous outcomes had variability, and the prevalence of third trimester anemia
was 16.0%. There was no evidence that sensitivity was inadequate.

Additional Comments:  This baseline analysis of a birth cohort study included n=1482 pregnant women. The study examined the relationship between urinary phthalate metabolites
measured shortly before delivery and third trimester anemia measured concurrently with phthalates, as well as routine hematologic parameters (blood cell
counts, coagulation parameters) measured throughout pregnancy. Limitations included the timing of exposure measurements relative to outcomes besides
anemia, as well as the use of a single random spot urine to characterize exposure. Anemia was defined based on hemoglobin levels; the study did not
additionally include information on anemia type or duration. While previous literature was used to identify potential confounders a priori, final variables
were selected based on statistical significance. Despite some limitations, there was no direct evidence of important error or bias in analyses relating
phthalates metabolites in late pregnancy to third trimester anemia.

Overall Quality Determination Medium
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Study Citation: Kim, K. N., Lee, M. R., Choi, Y. H, Lee, B. E., Hong, Y. C. (2018). Association between phthalate exposure and lower lung function in an urban elderly
population: A repeated-measures longitudinal study. Environment International 113:177-183.

Health Lung/Respiratory- Spirometry (FEV1, FVC, FEV1/FVC, FEF25-75), Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728477

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium Study participants were recruited from 2 elderly welfare centers from 2012 to 2015 with

repeat surveys conducted every year. The proportion of participants completing 1, 2,

or all 3 surveys is reported however rationale for the participation rate is not reported.
Enough description of the recruitment process is reported to be comfortable that there is
no serious risk of bias.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement Medium Exposure to phthalate metabolites determined by repeat urine samples collected annu-
ally and adjusted for creatinine level. While repeat measures strengthen confidence in
exposure classification, the short half-life of phthalate metabolites and the latency be-
tween repeat measures may allow for the existence of exposure misclassification but it is
not expected to greatly influence the effect estimates. Exposure measurement represents
the etiologically relevant time period of interest. LOD and proportion of samples below
the LOD are reported.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment Medium Lung function measurements were assessed by a trained technician using a standard
instruments following European Respiratory Society and American Thoracic Society
recommendations. Three lung function tests that met quality standards were obtained
and the greatest value was recorded. Moderate confidence that outcome definition was
specific and sensitive though some uncertainty remains with respect to misclassification
but it is not expected to greatly impact the effect estimates.

Metric 3B: Selective Reporting Medium The authors described their primary and secondary analyses in the methods section and
results were reported for all primary analyses.

Domain 4: Potential Confounding / Variability Control
Metric 4A:  Potential Confounding Medium Distribution of sociodemographic characteristics and the outcome lung function mea-
sures is presented. Analysis restricted to those without missing lung function and ph-
thalate metabolite information. Key confounders between the association of phthalate
exposure and lung function measures are considered, including: age, sex, SES, smoking
status, physical activity, and comorbidity status.

Domain 5: Analysis
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Study Citation: Kim, K. N., Lee, M. R., Choi, Y. H, Lee, B. E., Hong, Y. C. (2018). Association between phthalate exposure and lower lung function in an urban elderly
population: A repeated-measures longitudinal study. Environment International 113:177-183.

Health Lung/Respiratory- Spirometry (FEV1, FVC, FEV1/FVC, FEF25-75), Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4728477

Domain Metric Rating Comments

Metric SA:  Analysis High Quantitative results of analyses are reported by effect estimate and confidence limits or

estimate variability. Descriptive statistics presented for exposure and outcome. LOD
of exposures and percentage below LOD are reported. Creatinine-adjusted phthalate
metabolite levels were log2-transformed based on the observed log-normal distribution
of the data. Analyses addressing the robust of the data are provided, including: stratifica-
tion by COPD status, adjustment for blood heavy metals, inverse probability weighting
of participation in each follow-up survey, further adjustment for smoking status vari-
ables, and exclusion of participants with surgery on the chest or abdomen within 1 year
of spirometry.

Metric 5B: Sensitivity Medium Sample size (n = 537) is adequate to determine changes in lung function following ex-
posure to phthalates. The variability and range of exposure levels provide adequate vari-
ability to evaluate the effect of phthalate exposure. Few samples were below the LOD.

Additional Comments:  This cohort study included n = 559 participants and presented relatively high-quality analysis methodology. Other than the limitations inherent to cohort
studies, the study did not have substantial flaws. The authors reported an inverse associations between a doubling of creatinine-adjusted urinary phthalate
levels and FEV (Beta = -0.01 for mono-(-2-ethyl-5-hydrohexyl) phthalate; Beta = -0.02 for mono-(2-ethyl-5-oxohexyl) phthalate; Beta = -0.01 for mono-
n-butyl phthalate), as well as FVC (Beta = -0.02 for mono-(-2-ethyl-5-hydrohexyl) phthalate; Beta = -0.02 for mono-(2-ethyl-5-oxohexyl) phthalate; Beta
= -0.02 for mono-n-butyl phthalate). Statistical models were adjusted for several potential confounding factors.

Overall Quality Determination Medium
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):e0208553.
Health Lung/Respiratory- Spirometry: FEV1, FVC, FEV1/FVC (%), FEF 25-75, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 5043508
Domain Metric Rating Comments
Domain 1: Study Participation
Metric 1A:  Participant Selection Low The study included 56 asthmatic children aged 6-16 years living in Seoul Metropoli-
tan Area, Korea. The children were followed for 17 months (October 2013 to February
2015). Asthma was diagnosed by a physician based on symptoms (recurrent wheezing,
cough or breathing difficulties) in the last 12 months and airway hyper responsiveness
(12% improvement in FEV1 in pre/post bronchodilator FEV1 or 20% decline in FEV1
in response to less than 8mg/ml of inhaled methacholine. Skin prick tests for common
indoor and outdoor allergens were performed (10 in total), but the authors do not state
whether a positive skin test was part of the definition of asthma. The authors do not pro-
vide information about exclusion criteria. The authors do not describe their recruitment
methods. Pre-screening methods prior to the first study visit are not described, if there
were any. The authors also do not provide any information on the participation rate or
reasons for exclusion. Selection bias is difficult with the information provided about
subject selection in the manuscript, but no direct evidence of selection bias is apparent.
Domain 2: Exposure Characterization
Metric 2A:  Exposure Measurement Medium  The authors measured urinary concentrations of three phthalate metabolites, including

mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-(2-ethyl-5-hydroxyhexyl) phtha-
late (MEHHP), and mono-n-butyl phthalate (MnBP). First morning voids and last voids
before sleep were collected up to six times on different days from each child. The au-
thors state that last voids prior to sleep were collected at home, but do not state whether
first morning voids were collected at home or in the clinic. No information is provided
about urine storage conditions in homes, shipping or transport methods, or duration of
time between collection in the home delivery to the lab.Urine samples were collected in
sterile cups, but it is not clear whether they were phthalate free. In addition, the authors
do not provide any information on the schedule of urine collection (i.e. days between
collectionss), if a schedule was followed. Once collected, samples were stored in -80°C
freezer up to 3 months prior to analysis. Metabolite concentrations were measured using
high performance liquid chromatography-mass selective detector and adjusted for creati-
nine concentrations. The authors provide the limit of detection for the three metabolites.
Daily intake (DI) of phthalates was estimated using physiologically based pharmacoki-
netic modelling that incorporated the metabolite concentrations and established urinary
metabolite excretion factors.The authors provide information on the distributions of

the metabolite concentrations, including the mean, standard deviation and interquartile
range. They also note that the distributions were skewed.

Domain 3: Outcome Assessment
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.

Health Lung/Respiratory- Spirometry: FEV1, FVC, FEV1/FVC (%), FEF 25-75, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 5043508

Domain Metric Rating Comments

Metric 3A: Outcome Ascertainment Low Outcome examined included FEV1, FVC, FEV1/FVC, and FEF25-75, measured by

spirometry, and PEFR measured by peak flow meter. Trained examiners conducted
spirometry testing and measured PEFR during morning clinic visits up to four times on
different days. Measurements were not taken on days that rescue medications were used.
Patients or caregivers administered peak flow testing at home during the evening on the
same day as spirometric testing. One limitation of the study is that the authors do not
provide information on the training methods or quality control and assurance procedures
for any of the lung function tests, nor do they provide information on the quality of
the tests. While the authors reference 2005 American Thoracic Society standards for
acceptability of spirometry, they do not reference reproducibility criteria, which raises
concerns about spirometry quality.

Metric 3B: Selective Reporting Medium  The authors describe their analyses in the methods section. The results for all analyses
are provided, including non-significant findings.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium  The authors estimated the association between the In-transformed metabolite concen-
trations and respiratory outcomes using linear mixed effect (LME) models and penal-
ized regression curves of a generalized additive mixed models (GAMM). Final models
were adjusted for age, sex, BMI, ambient PM 10, outdoor temperature, relative humid-
ity, urinary cotinine level, and controller medication use. The GAMM model adopting
smoothing included other metabolites as well. The only rationale the authors provided
for the selection of confounders is based the relationship of the variables to the out-
comes. Their relationship to the exposures was not a selection factor, and no information
is provided on the relationships between the confounders and exposures and outcomes.
Some limitations with the confounders included in the models include: no description of
the measuring cotinine; use of BMI rather than BMI for age percentile; no specification
of the geographic level at which the outdoor environmental measurements were taken;
lack of adjustment for indoor exposures to temperature, relative humidity, or PM10; and
no definition of controller medication use.

Domain 5: Analysis
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Study Citation:

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic

children. PLoS ONE 13(12):¢0208553.
Lung/Respiratory- Spirometry: FEV1, FVC, FEV1/FVC (%), FEF 25-75, Non-cancer

Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
5043508

Domain

Metric Rating Comments

Metric 5A: Analysis Medium  The authors used linear mixed effect (LME) models and penalized regression curves of
a generalized additive mixed models (GAMM) to estimate the association between each
metabolite concentration and the respiratory outcomes. The metabolite concentrations
used in the models were creatinine adjusted. They were also natural log transformed
because they were not normally distributed. The authors used metabolites concentrations
in morning urines in models for spirometry outcomes an eNO. In models for PEFR,
metabolite concentrations for morning and nighttime urine sample were matched with
morning and evening PEFR, respectively. All models were adjusted for PM10 on the
day prior to spirometry and temperature and relative humidity levels on the day of test-
ing, expect for evening PEFR models which were adjusted for same day PM10. Final
LME and GAM models were also adjusted for age, sex, BMI, urinary cotinine level, and
controller medication use. The GAMM models additionally adjusted for other metabo-
lite concentrations. GAMM results are presented in the form of figures only. For all
three metabolites, the figures demonstrate negative correlations with pulmonary func-
tion (PEFR, FEV1, FEV1/FVC, and FEF25-75) and positive linear relationships with all
three urinary phthalate metabolites.LME results included regression coefficients, 95%
confidence intervals, and an indicator results with P < 0.05 for two sided tests. Nega-
tive associations for all outcomes were identified all spirometry outcomes and PEFR,
but none were significant. Positive associations were found between all three metabolite
concentrations and FeNO. The findings for MEHHP and MEOHP were significant. Ad-
ditional results are provided for models with O-, 1-, and 2-day lags for PEFR outcomes.
In these models, negative associations were found between each metabolite and PEFR.
Only the models for a 1-day lag were significant. The authors do not explain why only
PEFR was modelled for lagged outcomes. All of the analyses have two limitations. One
is the small sample size and considerable amount of missing data, which likely limited
the detection of moderate and small effects. Another is that the authors do not discuss
how missing data may have biased estimates, which is a concern because of the amount
of missing data and the LME model assumption that data is missing at random. Sample
sizes for the various analyses are not provided.

Metric 5B: Sensitivity Low The sensitivity of the study is limited by a variety of limitations. First, study has a small
samples size (N=56). The authors do not provide a justification for the sample size or
information about the power of the study to detect various levels of effect. Second, a
considerable amount of data is missing for exposures (30%), outcomes (spirometry and
FeNO - 79%, PEFR — 31%) and covariates (31%). No information is provided about
patterns or reasons for missing data. Third, the authors do not specify what percentage
of the exposure measurements were below the limit of detection versus not measured,
and they do not specify how missing values were handled. For these reasons, the sensi-
tivity of the study is likely low, but difficult to assess.
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.
Health Lung/Respiratory- Spirometry: FEV1, FVC, FEV1/FVC (%), FEF 25-75, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 5043508
Domain Metric Rating Comments

Additional Comments:  This prospective study of phthalate exposure in relation to pulmonary function and lung inflammation included 56 asthmatic children aged 6-16 years
living in Seoul Metropolitan Area, Korea. The children were followed for 17 months (October 2013 to February 2015). The authors measured exposures
to phthalate metabolites in urine (MEHHP, MEOHP, MnBP) and indicators of pulmonary function (PEFR, FEV1, FEV1/FVC, and FEF25-75) and lung
inflammation (FeNO). The authors used linear mixed effect (LME) models and penalized regression curves of a generalized additive mixed models
(GAMM) to estimate the association between each metabolite concentration and the respiratory outcomes. Final models were adjusted for age, sex, BMI,
ambient PM10, outdoor temperature, relative humidity, urinary cotinine level, and controller medication use. The GAMM model adopting smoothing
included other metabolites as well. In the LME models, significant positive association were found between both MEHHP and MEOHP and FeNO. In
LME models with 0-, 1-, and 2-day lags for PEFR outcomes, significant negative associations were found between each metabolite and PEFR, but only for
the 1-day lag. The study has two major limitations, including small sample size and a considerable amount of missing data for exposures, outcomes, and
covariates

Overall Quality Determination Low
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.

Health Lung/Respiratory- Peak Flow: PEFR, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 5043508

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Low The study included 56 asthmatic children aged 6-16 years living in Seoul Metropoli-

tan Area, Korea. The children were followed for 17 months (October 2013 to February
2015). Asthma was diagnosed by a physician based on symptoms (recurrent wheezing,
cough or breathing difficulties) in the last 12 months and airway hyper responsiveness
(12% improvement in FEV1 in pre/post bronchodilator FEV1 or 20% decline in FEV1
in response to less than 8mg/ml of inhaled methacholine. Skin prick tests for common
indoor and outdoor allergens were performed (10 in total), but the authors do not state
whether a positive skin test was part of the definition of asthma. The authors do not pro-
vide information about exclusion criteria. The authors do not describe their recruitment
methods. Pre-screening methods prior to the first study visit are not described, if there
were any. The authors also do not provide any information on the participation rate or
reasons for exclusion. Selection bias is difficult with the information provided about
subject selection in the manuscript, but no direct evidence of selection bias is apparent.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement Medium  The authors measured urinary concentrations of three phthalate metabolites, including
mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-(2-ethyl-5-hydroxyhexyl) phtha-
late (MEHHP), and mono-n-butyl phthalate (MnBP). First morning voids and last voids
before sleep were collected up to six times on different days from each child. The au-
thors state that last voids prior to sleep were collected at home, but do not state whether
first morning voids were collected at home or in the clinic. No information is provided
about urine storage conditions in homes, shipping or transport methods, or duration of
time between collection in the home delivery to the lab.Urine samples were collected in
sterile cups, but it is not clear whether they were phthalate free. In addition, the authors
do not provide any information on the schedule of urine collection (i.e. days between
collectionss), if a schedule was followed. Once collected, samples were stored in -80°C
freezer up to 3 months prior to analysis. Metabolite concentrations were measured using
high performance liquid chromatography-mass selective detector and adjusted for creati-
nine concentrations. The authors provide the limit of detection for the three metabolites.
Daily intake (DI) of phthalates was estimated using physiologically based pharmacoki-
netic modelling that incorporated the metabolite concentrations and established urinary
metabolite excretion factors.The authors provide information on the distributions of
the metabolite concentrations, including the mean, standard deviation and interquartile
range. They also note that the distributions were skewed.

Domain 3: Outcome Assessment
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.

Health Lung/Respiratory- Peak Flow: PEFR, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 5043508

Domain Metric Rating Comments

Metric 3A: Outcome Ascertainment Low Outcome examined included FEV1, FVC, FEV1/FVC, and FEF25-75, measured by

spirometry, and PEFR measured by peak flow meter. Trained examiners conducted
spirometry testing and measured PEFR during morning clinic visits up to four times on
different days. Measurements were not taken on days that rescue medications were used.
Patients or caregivers administered peak flow testing at home during the evening on the
same day as spirometric testing. One limitation of the study is that the authors do not
provide information on the training methods or quality control and assurance procedures
for any of the lung function tests, nor do they provide information on the quality of
the tests. While the authors reference 2005 American Thoracic Society standards for
acceptability of spirometry, they do not reference reproducibility criteria, which raises
concerns about spirometry quality.

Metric 3B: Selective Reporting Medium  The authors describe their analyses in the methods section. The results for all analyses
are provided, including non-significant findings.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium  The authors estimated the association between the In-transformed metabolite concen-
trations and respiratory outcomes using linear mixed effect (LME) models and penal-
ized regression curves of a generalized additive mixed models (GAMM). Final models
were adjusted for age, sex, BMI, ambient PM 10, outdoor temperature, relative humid-
ity, urinary cotinine level, and controller medication use. The GAMM model adopting
smoothing included other metabolites as well. The only rationale the authors provided
for the selection of confounders is based the relationship of the variables to the out-
comes. Their relationship to the exposures was not a selection factor, and no information
is provided on the relationships between the confounders and exposures and outcomes.
Some limitations with the confounders included in the models include: no description of
the measuring cotinine; use of BMI rather than BMI for age percentile; no specification
of the geographic level at which the outdoor environmental measurements were taken;
lack of adjustment for indoor exposures to temperature, relative humidity, or PM10; and
no definition of controller medication use.

Domain 5: Analysis
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Study Citation:

Health
Outcome(s)
Assessed:
Chemical:
HERO ID:

Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic

children. PLoS ONE 13(12):¢0208553.
Lung/Respiratory- Peak Flow: PEFR, Non-cancer

Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
5043508

Domain

Metric Rating Comments

Metric 5A: Analysis Medium  The authors used linear mixed effect (LME) models and penalized regression curves of
a generalized additive mixed models (GAMM) to estimate the association between each
metabolite concentration and the respiratory outcomes. The metabolite concentrations
used in the models were creatinine adjusted. They were also natural log transformed
because they were not normally distributed. The authors used metabolites concentrations
in morning urines in models for spirometry outcomes an eNO. In models for PEFR,
metabolite concentrations for morning and nighttime urine sample were matched with
morning and evening PEFR, respectively. All models were adjusted for PM10 on the
day prior to spirometry and temperature and relative humidity levels on the day of test-
ing, expect for evening PEFR models which were adjusted for same day PM10. Final
LME and GAM models were also adjusted for age, sex, BMI, urinary cotinine level, and
controller medication use. The GAMM models additionally adjusted for other metabo-
lite concentrations. GAMM results are presented in the form of figures only. For all
three metabolites, the figures demonstrate negative correlations with pulmonary func-
tion (PEFR, FEV1, FEV1/FVC, and FEF25-75) and positive linear relationships with all
three urinary phthalate metabolites.LME results included regression coefficients, 95%
confidence intervals, and an indicator results with P < 0.05 for two sided tests. Nega-
tive associations for all outcomes were identified all spirometry outcomes and PEFR,
but none were significant. Positive associations were found between all three metabolite
concentrations and FeNO. The findings for MEHHP and MEOHP were significant. Ad-
ditional results are provided for models with O-, 1-, and 2-day lags for PEFR outcomes.
In these models, negative associations were found between each metabolite and PEFR.
Only the models for a 1-day lag were significant. The authors do not explain why only
PEFR was modelled for lagged outcomes. All of the analyses have two limitations. One
is the small sample size and considerable amount of missing data, which likely limited
the detection of moderate and small effects. Another is that the authors do not discuss
how missing data may have biased estimates, which is a concern because of the amount
of missing data and the LME model assumption that data is missing at random. Sample
sizes for the various analyses are not provided.

Metric 5B: Sensitivity Low The sensitivity of the study is limited by a variety of limitations. First, study has a small
samples size (N=56). The authors do not provide a justification for the sample size or
information about the power of the study to detect various levels of effect. Second, a
considerable amount of data is missing for exposures (30%), outcomes (spirometry and
FeNO - 79%, PEFR — 31%) and covariates (31%). No information is provided about
patterns or reasons for missing data. Third, the authors do not specify what percentage
of the exposure measurements were below the limit of detection versus not measured,
and they do not specify how missing values were handled. For these reasons, the sensi-
tivity of the study is likely low, but difficult to assess.
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.
Health Lung/Respiratory- Peak Flow: PEFR, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 5043508
Domain Metric Rating Comments

Additional Comments:  This prospective study of phthalate exposure in relation to pulmonary function and lung inflammation included 56 asthmatic children aged 6-16 years
living in Seoul Metropolitan Area, Korea. The children were followed for 17 months (October 2013 to February 2015). The authors measured exposures
to phthalate metabolites in urine (MEHHP, MEOHP, MnBP) and indicators of pulmonary function (PEFR, FEV1, FEV1/FVC, and FEF25-75) and lung
inflammation (FeNO). The authors used linear mixed effect (LME) models and penalized regression curves of a generalized additive mixed models
(GAMM) to estimate the association between each metabolite concentration and the respiratory outcomes. Final models were adjusted for age, sex, BMI,
ambient PM10, outdoor temperature, relative humidity, urinary cotinine level, and controller medication use. The GAMM model adopting smoothing
included other metabolites as well. In the LME models, significant positive association were found between both MEHHP and MEOHP and FeNO. In
LME models with 0-, 1-, and 2-day lags for PEFR outcomes, significant negative associations were found between each metabolite and PEFR, but only for
the 1-day lag. The study has two major limitations, including small sample size and a considerable amount of missing data for exposures, outcomes, and
covariates

Overall Quality Determination Low
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.

Health Lung/Respiratory- Fractional exhaled nitric oxide, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 5043508

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Low The study included 56 asthmatic children aged 6-16 years living in Seoul Metropoli-

tan Area, Korea. The children were followed for 17 months (October 2013 to February
2015). Asthma was diagnosed by a physician based on symptoms (recurrent wheezing,
cough or breathing difficulties) in the last 12 months and airway hyper responsiveness
(12% improvement in FEV1 in pre/post bronchodilator FEV1 or 20% decline in FEV1
in response to less than 8mg/ml of inhaled methacholine. Skin prick tests for common
indoor and outdoor allergens were performed (10 in total), but the authors do not state
whether a positive skin test was part of the definition of asthma. The authors do not pro-
vide information about exclusion criteria. The authors do not describe their recruitment
methods. Pre-screening methods prior to the first study visit are not described, if there
were any. The authors also do not provide any information on the participation rate or
reasons for exclusion. Selection bias is difficult with the information provided about
subject selection in the manuscript, but no direct evidence of selection bias is apparent.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement Medium  The authors measured urinary concentrations of three phthalate metabolites, including
mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-(2-ethyl-5-hydroxyhexyl) phtha-
late (MEHHP), and mono-n-butyl phthalate (MnBP). First morning voids and last voids
before sleep were collected up to six times on different days from each child. The au-
thors state that last voids prior to sleep were collected at home, but do not state whether
first morning voids were collected at home or in the clinic. No information is provided
about urine storage conditions in homes, shipping or transport methods, or duration of
time between collection in the home delivery to the lab.Urine samples were collected in
sterile cups, but it is not clear whether they were phthalate free. In addition, the authors
do not provide any information on the schedule of urine collection (i.e. days between
collectionss), if a schedule was followed. Once collected, samples were stored in -80°C
freezer up to 3 months prior to analysis. Metabolite concentrations were measured using
high performance liquid chromatography-mass selective detector and adjusted for creati-
nine concentrations. The authors provide the limit of detection for the three metabolites.
Daily intake (DI) of phthalates was estimated using physiologically based pharmacoki-
netic modelling that incorporated the metabolite concentrations and established urinary
metabolite excretion factors.The authors provide information on the distributions of
the metabolite concentrations, including the mean, standard deviation and interquartile
range. They also note that the distributions were skewed.

Domain 3: Outcome Assessment
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.

Health Lung/Respiratory- Fractional exhaled nitric oxide, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 5043508

Domain Metric Rating Comments

Metric 3A: Outcome Ascertainment Low Outcome examined included FEV1, FVC, FEV1/FVC, and FEF25-75, measured by

spirometry, and PEFR measured by peak flow meter. Trained examiners conducted
spirometry testing and measured PEFR during morning clinic visits up to four times on
different days. Measurements were not taken on days that rescue medications were used.
Patients or caregivers administered peak flow testing at home during the evening on the
same day as spirometric testing. One limitation of the study is that the authors do not
provide information on the training methods or quality control and assurance procedures
for any of the lung function tests, nor do they provide information on the quality of
the tests. While the authors reference 2005 American Thoracic Society standards for
acceptability of spirometry, they do not reference reproducibility criteria, which raises
concerns about spirometry quality.

Metric 3B: Selective Reporting Medium  The authors describe their analyses in the methods section. The results for all analyses
are provided, including non-significant findings.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium  The authors estimated the association between the In-transformed metabolite concen-
trations and respiratory outcomes using linear mixed effect (LME) models and penal-
ized regression curves of a generalized additive mixed models (GAMM). Final models
were adjusted for age, sex, BMI, ambient PM 10, outdoor temperature, relative humid-
ity, urinary cotinine level, and controller medication use. The GAMM model adopting
smoothing included other metabolites as well. The only rationale the authors provided
for the selection of confounders is based the relationship of the variables to the out-
comes. Their relationship to the exposures was not a selection factor, and no information
is provided on the relationships between the confounders and exposures and outcomes.
Some limitations with the confounders included in the models include: no description of
the measuring cotinine; use of BMI rather than BMI for age percentile; no specification
of the geographic level at which the outdoor environmental measurements were taken;
lack of adjustment for indoor exposures to temperature, relative humidity, or PM10; and
no definition of controller medication use.

Domain 5: Analysis
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Assessed:
Chemical:
HERO ID:

Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic

children. PLoS ONE 13(12):¢0208553.
Lung/Respiratory- Fractional exhaled nitric oxide, Non-cancer

Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
5043508

Domain

Metric Rating Comments

Metric 5A: Analysis Medium  The authors used linear mixed effect (LME) models and penalized regression curves of
a generalized additive mixed models (GAMM) to estimate the association between each
metabolite concentration and the respiratory outcomes. The metabolite concentrations
used in the models were creatinine adjusted. They were also natural log transformed
because they were not normally distributed. The authors used metabolites concentrations
in morning urines in models for spirometry outcomes an eNO. In models for PEFR,
metabolite concentrations for morning and nighttime urine sample were matched with
morning and evening PEFR, respectively. All models were adjusted for PM10 on the
day prior to spirometry and temperature and relative humidity levels on the day of test-
ing, expect for evening PEFR models which were adjusted for same day PM10. Final
LME and GAM models were also adjusted for age, sex, BMI, urinary cotinine level, and
controller medication use. The GAMM models additionally adjusted for other metabo-
lite concentrations. GAMM results are presented in the form of figures only. For all
three metabolites, the figures demonstrate negative correlations with pulmonary func-
tion (PEFR, FEV1, FEV1/FVC, and FEF25-75) and positive linear relationships with all
three urinary phthalate metabolites.LME results included regression coefficients, 95%
confidence intervals, and an indicator results with P < 0.05 for two sided tests. Nega-
tive associations for all outcomes were identified all spirometry outcomes and PEFR,
but none were significant. Positive associations were found between all three metabolite
concentrations and FeNO. The findings for MEHHP and MEOHP were significant. Ad-
ditional results are provided for models with O-, 1-, and 2-day lags for PEFR outcomes.
In these models, negative associations were found between each metabolite and PEFR.
Only the models for a 1-day lag were significant. The authors do not explain why only
PEFR was modelled for lagged outcomes. All of the analyses have two limitations. One
is the small sample size and considerable amount of missing data, which likely limited
the detection of moderate and small effects. Another is that the authors do not discuss
how missing data may have biased estimates, which is a concern because of the amount
of missing data and the LME model assumption that data is missing at random. Sample
sizes for the various analyses are not provided.

Metric 5B: Sensitivity Low The sensitivity of the study is limited by a variety of limitations. First, study has a small
samples size (N=56). The authors do not provide a justification for the sample size or
information about the power of the study to detect various levels of effect. Second, a
considerable amount of data is missing for exposures (30%), outcomes (spirometry and
FeNO - 79%, PEFR — 31%) and covariates (31%). No information is provided about
patterns or reasons for missing data. Third, the authors do not specify what percentage
of the exposure measurements were below the limit of detection versus not measured,
and they do not specify how missing values were handled. For these reasons, the sensi-
tivity of the study is likely low, but difficult to assess.
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.
Health Lung/Respiratory- Fractional exhaled nitric oxide, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 5043508
Domain Metric Rating Comments

Additional Comments:  This prospective study of phthalate exposure in relation to pulmonary function and lung inflammation included 56 asthmatic children aged 6-16 years
living in Seoul Metropolitan Area, Korea. The children were followed for 17 months (October 2013 to February 2015). The authors measured exposures
to phthalate metabolites in urine (MEHHP, MEOHP, MnBP) and indicators of pulmonary function (PEFR, FEV1, FEV1/FVC, and FEF25-75) and lung
inflammation (FeNO). The authors used linear mixed effect (LME) models and penalized regression curves of a generalized additive mixed models
(GAMM) to estimate the association between each metabolite concentration and the respiratory outcomes. Final models were adjusted for age, sex, BMI,
ambient PM10, outdoor temperature, relative humidity, urinary cotinine level, and controller medication use. The GAMM model adopting smoothing
included other metabolites as well. In the LME models, significant positive association were found between both MEHHP and MEOHP and FeNO. In
LME models with 0-, 1-, and 2-day lags for PEFR outcomes, significant negative associations were found between each metabolite and PEFR, but only for
the 1-day lag. The study has two major limitations, including small sample size and a considerable amount of missing data for exposures, outcomes, and
covariates

Overall Quality Determination Low
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Study Citation: Shim, Y. H., Ock, J. W., Kim, Y. J., Kim, Y., Kim, S. Y., Kang, D. (2019). Association between heavy metals, bisphenol A, volatile organic compounds
and phthalates and metabolic syndrome. International Journal of Environmental Research and Public Health 16(4):671.

Health Cardiovascular- Metabolic syndrome (MetS), Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 5114010

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium Study participants were adults aged > 20 years from the Korean National Environmental

Health Survey II (2012-2014, KNEHS). KNEHS is an annual survey with “a rolling
sampling design that involves a complex, stratified, multistage, probability-cluster sur-
vey of representative sample of the civilian population of South Korea.” Participants
whose blood lead and mercury, urinary cadmium, bisphenol A, phthalates metabolite,
and VOC metabolite levels were not measured (n = 507) and those with missing data on
urinary creatinine (n = 709), alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) (n = 1) were excluded. Of the 6468 participants, 5251 were included in the
analysis. It is possible that the 19% of participants that were excluded due to missing
data differed from the participants that were included.

Domain 2: Exposure Characterization

Metric 2A: Exposure Measurement Medium Concentrations of MEHHP, MEOHP, MECCP, MnBP, and MBzP in urine were analyzed
using ultra-performance liquid chromatography-tandem mass spectrometry, based on
protocols “described by the National Institute of Environmental Research.” Concentra-
tions in urine samples were adjusted for creatinine. Limits of detection (LOD), % below
the LOD and handling of values below the LOD were not reported. There are temporal-
ity concerns due to the cross-sectional study design, which precludes the determination
of causation. The paper didn’t report the time of day that the urine samples were col-
lected or whether that timing varied by participant, which is a concern due to potential
differences in urinary metabolite levels at different times of the day. Furthermore, it is
unclear whether only one urine sample was taken per participant.

Domain 3: Outcome Assessment

Metric 3A:  Outcome Ascertainment Medium The authors stated that they defined metabolic syndrome (MetS) “using criteria from
the US National Cholesterol Education Program-Adult Treatment Panel III” but then
went on to explain that because blood pressure, waist circumference, and fasting glu-
cose levels weren’t measured, they used “an operational definition for MetS” based on
current BP medication use, current anti-diabetic medication use, and body mass index
(BMI) >30). Height and weight were measured and presumably used to calculate BMI.
The authors claim that their “operational definition was stricter than the original MetS
definition, which might increase the specificity of the outcome.” However, if MetS is
the outcome of interest then there is the potential for outcome misclassification due to
the different definition of MetS and some concern about the comparability of the MetS
definition with that from other studies.

Metric 3B: Selective Reporting Medium The authors described their analyses in the methods section and results were reported for
all primary analyses.
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Study Citation: Shim, Y. H., Ock, J. W., Kim, Y. J., Kim, Y., Kim, S. Y., Kang, D. (2019). Association between heavy metals, bisphenol A, volatile organic compounds
and phthalates and metabolic syndrome. International Journal of Environmental Research and Public Health 16(4):671.
Health Cardiovascular- Metabolic syndrome (MetS), Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 5114010
Domain Metric Rating Comments

Domain 4: Potential Confounding / Variability Control
Metric 4A: Potential Confounding Medium Covariates included sex, age, smoking status, drinking status, education level, marital
status, income level, ALT and AST. Covariates were selected based on significance in
univariate analysis with MetS status, except for smoking, ALT and AST. Covariates
were measured as part of the KNEHS protocol.

Domain 5: Analysis

Metric SA:  Analysis Medium Simple and multiple logistic regression analyses were performed with exposures In-
transformed. Results are reported as odds ratios and 95% confidence intervals.
Metric 5B: Sensitivity Medium The study had a large sample size (n=5251) and adequate exposure contrast.

Additional Comments:  This was a large cross-sectional study of the association between urinary phthalate metabolites and risk of metabolic syndrome in adults 20 years and older
from the Korean National Environmental Health Survey II (2012-2014, KNEHS). Limitations include a lack of some exposure assessment details, the use
of a modified definition of the outcome of metabolic syndrome, and the cross-sectional study design, which limits causal interpretations.

Overall Quality Determination Medium
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Study Citation: Zhu, Y. D., Zhu, B. B., Gao, H., Huang, K., Xu, Y. Y, Yan, S. Q., Zhou, S. S., Cai, X. X., Zhang, Q. F,, Qi, J., Jin, Z. X., Sheng, J., Pan, W. J., Hao, J. H.,
Zhu, P, Tao, F. B. (2018). Repeated measures of prenatal phthalate exposure and maternal hemoglobin concentration trends: The Ma’anshan birth cohort
(MABC) study. Environmental Pollution 242(Pt B):1033-1041.

Health Immune/Hematological- Hemoglobin (Hb) concentrations, anemia, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)
HERO ID: 4829283

Domain Metric Rating Comments
Domain 1: Study Participation

Metric 1A:  Participant Selection Medium In this prospective cohort study included pregnant women from the Ma’anshan Birth

Cohort (MABC, China) and examined the relationship between several phthalate
metabolites and hemoglobin levels and anemia during pregnancy. Pregnant women were
recruited from the Ma’anshan Maternal and Child Health hospital in China between
May 2013 and September 2014. Participants were interviewed during their first health
care visit during the first trimester of pregnancy and were subsequently re-assessed by
trained staff at 26 and 34 weeks of gestation as well as at delivery. Participants were in-
cluded if they were >= 18 years of age, <14 gestation weeks, living in Ma’anshan, had
no communication problems, and had intent to deliver at the reference hospital. Partici-
pation rates and recruitment details were not described in this study. 3474 women were
originally enrolled in the birth cohort, and 3273 (94.2%) were followed until delivery
and had singleton live births; an additional 4 women who did not provide urine or blood
samples at any study visit during follow up were excluded. A total of 3269 pregnancies
were analyzed. There was no evidence to indicate risk of important selection bias.

Domain 2: Exposure Characterization
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Study Citation: Zhu, Y. D., Zhu, B. B., Gao, H., Huang, K., Xu, Y. Y., Yan, S. Q., Zhou, S. S., Cai, X. X., Zhang, Q. F.,, Qi, J., Jin, Z. X., Sheng, J., Pan, W. J., Hao, J. H.,
Zhu, P., Tao, F. B. (2018). Repeated measures of prenatal phthalate exposure and maternal hemoglobin concentration trends: The Ma’anshan birth cohort
(MABC) study. Environmental Pollution 242(Pt B):1033-1041.

Health Immune/Hematological- Hemoglobin (Hb) concentrations, anemia, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4829283

Domain Metric Rating Comments

Metric 2A: Exposure Measurement Medium Maternal spot urine samples were collected at each study visit (mean timing 10.5,

26.0, and 34.4 weeks of gestation, and at delivery). The study included 9263 sam-

ples from 3269 pregnancies. Urine samples were collected in polypropylene tubes,
stored at -80 degrees C until analysis, and assayed for phthalate metabolites using high
performance liquid chromatography-mass spectrometry. Details on quality controls

were not provided in this study. Measures included 5 metabolites of interest, including
DBP metabolite mono-butyl phthalate (MBP), BBP metabolite mono-benzyl phtha-

late (MBzP), and DEHP metabolites mono-2-ethylhexyl-phthalate (MEHP), mono-(2-
ethyl-5-hydroxyhexyl) phthalate (MEHHP), and mono-(2-ethyl-5-oxohexyl) phthalate
(MEOHP). Sums of high and low molecular weight phthalates, but not the sum of DEHP
metabolites, were analyzed along with individual metabolites. Detection frequencies
ranged from 99-100% for all phthalates except MBzP, which was detected at 65.1%.
Concentrations below LODs (not detailed in this study) were assigned the value of
LOD/square root of 2. Urinary creatinine was included in models to account for urine
dilution. Spearman correlations among different phthalates metabolites were described
as ranging from 0.04 to 0.855. In a previous study, intra-class correlations for repeated
measures of phthalates were reported as ranging from 0.30 to 0.44 for the 5 metabolites
of interest. The authors analyzed trimester specific exposure-outcome associations in ad-
dition to repeated measures analyses of these associations. Phthalates exposure was not
additionally characterized as the mean of multiple repeated measures. Though individual
trimester estimates may misclassify habitual exposure due to the short half-life of these
urinary metabolites, repeated measures analysis provided an estimate of associations
between habitual phthalates exposure and concurrent hemoglobin levels or anemia.

Domain 3: Outcome Assessment

Metric 3A:  Outcome Ascertainment Medium Blood samples collected during the same study visits at which urine samples were
obtained were used to measure hemoglobin (Hb) concentrations. Hb concentrations
were obtained from the maternal electronic medical records. Anemia was defined us-
ing the WHO 2011 definition as a hemoglobin concentration below 110 g/L during any
trimester. Anemia was further characterized as mild (100-109 g/L) or moderate (70-99
g/L); only 3 women had severe anemia. For descriptive analyses, the authors also de-
fined persistent anemia as pregnancy with anemia in the second and third trimester; few
women (3% vs 18-19%) had anemia in the first trimester. Specific types of anemia (e.g.
iron, folate, or B12 deficiency) or hematological effects (e.g. red blood cell or platelet
counts) cannot be characterized based solely on Hb levels. However, iron deficiency is
typically the most common cause.

Metric 3B: Selective Reporting Medium Analyses described in the methods were reported in the results. However, the methods
section did not detail to what extent anemia severity or persistence were analyzed; lim-
ited results were shown for these variables.
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Study Citation: Zhu, Y. D., Zhu, B. B., Gao, H., Huang, K., Xu, Y. Y., Yan, S. Q., Zhou, S. S., Cai, X. X., Zhang, Q. F.,, Qi, J., Jin, Z. X., Sheng, J., Pan, W. J., Hao, J. H.,
Zhu, P., Tao, F. B. (2018). Repeated measures of prenatal phthalate exposure and maternal hemoglobin concentration trends: The Ma’anshan birth cohort
(MABC) study. Environmental Pollution 242(Pt B):1033-1041.

Health Immune/Hematological- Hemoglobin (Hb) concentrations, anemia, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4829283

Domain Metric Rating Comments

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Low Covariates were selected from a wide array of potential confounders based on previ-
ous work, a review of the literature, and biological and statistical considerations. Con-
founders included in multivariate models were maternal age, gestation week at sample
collection, pre-pregnancy BMI, education, occupation, smoking status, nutritional sup-
plements (folic acid, vitamins, and iron) before conception and during pregnancy, ma-
ternal serum iron, and urinary creatinine. A concern is that multivariate models included
serum iron as an indicator of iron status, an overadjustment. Unlike serum ferritin or
transferrin, serum iron provides only a crude indicator of iron status. However, some ph-
thalate metabolites (including MBP, MEHHP) were associated with significantly lower
maternal serum iron. Concern for important bias was diminished for metabolites for
which unadjusted and adjusted results, shown in detail for repeated measures models,
were largely similar (e.g., MEHHP, MEHP).

Domain 5: Analysis

Metric 5A:  Analysis Medium Univariate descriptives indicated that phthalate concentrations were lowest in the third
trimester, and that the prevalence of anemia increased after the first trimester of preg-
nancy. Urinary phthalate metabolite concentrations were natural log-transformed to
improve linearity. The distribution of Hb approximated normality. Handling of miss-
ing data was not discussed. Linear mixed models were used to examine associations
between In-transformed phthalates metabolites levels and maternal Hb concentrations,
and generalized linear models used to estimate odds ratios for maternal anemia. Effect
estimates were presented with 95% confidence intervals. Each outcome — maternal ane-
mia and Hb concentrations measured in each trimester — was analyzed multiple times.
Primary analyses included repeated measures models estimating associations between
repeated measures of phthalates and repeated measures of Hb and anemia from each
trimester, and separate analyses that examined associations within each trimester. Ad-
justed and unadjusted effect estimates were presented for repeated measures analyses.
The authors also ran repeated measures and trimester-specific models which analyzed
moderate anemia as the outcome. Results for all analyses were shown for the popula-
tion overall and stratified by infant sex; significance testing for sex differences was not
discussed. The authors did not present significance testing adjusted for multiple compar-
isons. As noted earlier, overadjustment for serum iron is a potential concern. Bivariate
descriptive analyses included presenting median phthalate concentrations for women
with persistent vs. non-persistent 2nd and 3rd trimester anemia. However, phthalate
concentrations among women without anemia were not shown, and models analyzing
persistent anemia as the outcome were not discussed. Additional sensitivity analyses
(e.g. stratifying by or excluding women using iron supplements, 5.8 to 23.8% of the
sample; evaluating robustness of MBzP results given that nearly a third of samples were
below LOD) were not described.
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Study Citation: Zhu, Y. D., Zhu, B. B., Gao, H., Huang, K., Xu, Y. Y., Yan, S. Q., Zhou, S. S., Cai, X. X., Zhang, Q. F.,, Qi, J., Jin, Z. X., Sheng, J., Pan, W. J., Hao, J. H.,
Zhu, P., Tao, F. B. (2018). Repeated measures of prenatal phthalate exposure and maternal hemoglobin concentration trends: The Ma’anshan birth cohort
(MABC) study. Environmental Pollution 242(Pt B):1033-1041.

Health Immune/Hematological- Hemoglobin (Hb) concentrations, anemia, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP)

HERO ID: 4829283

Domain Metric Rating Comments
Metric 5B: Sensitivity Medium There were no major sensitivity concerns as sample size was large (n = 3269) and there

was variability in exposure (distributions of phthalate metabolites presented graphi-
cally).

Additional Comments:  This cohort study used data on more than 3000 pregnant women from the MABC cohort in China to assess the relationship between urinary metabolites
of DBP, BBP, and DEHP during pregnancy and maternal hemoglobin levels and anemia. Anemia was defined based on Hb levels; specific types or causes
of anemia were not characterized. Stronger and more consistent associations were observed among mothers of male infants. Among these women, several
phthalate metabolites were associated with significantly lower maternal Hb, and/or with significant increases in odds of maternal anemia. Associations
were stronger and more likely to be significant in the third trimester of pregnancy, and when analyzing moderate anemia. In repeated measures models for
which results were presented only in figures, there was a significant increase in odds of moderate anemia associated with MEHHP, MEOHP, MEHP and
MBP in boys, but not in girls. Similarly, associations with moderate anemia were significant for MEHHP and MEOHP only the the third trimester, and for
MEHP only in the first and third trimester (strongest in the third trimester). Overadjustment was a potential limitation in this study, as multivariate models
for both Hb and anemia included serum iron as a covariate. However, results from unadjusted and adjusted shown for the repeated measures models were
very similar for associations with maternal Hb and were also largely consistent for odds of anemia.

Overall Quality Determination Medium
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Study Citation: Jankowska, A., Polaiska, K., Hanke, W., Wesotowska, E., Ligocka, D., Waszkowska, M., Staiczak, A., Tartaglione, A. M., Mirabella, F., Chiarotti, F.,
Gari, M., Calamandrei, G. (2019). Prenatal and early postnatal phthalate exposure and child neurodevelopment at age of 7 years - Polish Mother and Child
Cohort. Environmental Research 177:108626.

Health Neurological/Behavioral- Child cognition and psychomotor development (domains: fluid intelligence, crystallized intelligence, cognition, mathematical

Outcome(s) skills, psychomotor skills, language skills), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 5933662

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium This prospective cohort study examined associations between phthalates and measures

of child behavior, cognition, and psychomotor development. Subjects were a subset of
134 maternal-child pairs participating in a larger multicenter cohort study (the Polish
Mother and Child Cohort). Details on the larger cohort were reported in Polanska et

al. 2009 (HERO ID 2092850) and Polanska et al. 2014 (HEROID 2347467). Women
were recruited in their first trimester at maternity units/clinics in multiple regions across
Poland; based on Polanska et al. 2014 it appears the current study was limited to partici-
pants from Lodz district (n=165 at age 2 years). Inclusion criteria were: singleton preg-
nancy up to 12 weeks gestation, no assisted conception, no pregnancy complications,
and no chronic diseases. The current study was limited to participants with phthalate
measurements who were assessed for neurodevelopmental outcomes at age 7. Informa-
tion on participation rates, loss to follow-up, and the comparability of the current study
population to the larger cohort was not provided; however, the information available on
participation and recruitment does not raise major concerns regarding bias.

Domain 2: Exposure Characterization

Metric 2A: Exposure Measurement Medium Phthalate metabolites (OH-MiNP, MiBP, MnBP, OH-MnBP, MBzP, OH-MEHP, oxo-
MEHP) were measured prenatally in maternal 3rd trimester urine samples and post-
natally in child urine samples collected at age 2 years. Additional details reported in
Polanska et al. 2014 (HERO ID 2347467) indicate these were single spot urine samples,
raising the potential for some degree of exposure misclassification although this is not
a major concern. Phthalate and metabolite concentrations were measured using high-
performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS).
For OH-MiNP, MiBP, MnBP, OH-MnBP, OH-MEHP, and oxo-MEHP, at least 70% of
samples were above the LOD. For MBzP, 84% of child samples were above the LOD
but only 56% of maternal samples were above the LOD; as such, only child samples
were used in analysis for this metabolite. Two other relevant metabolites (oxo-MiNP,
MEHP) were measured but was not included in further analysis due to <70% of samples
above the LOD. Maternal urine phthalate metabolite concentrations were adjusted for
creatinine while postnatal samples were not; a rationale for this difference was not pro-
vided.

Domain 3: Outcome Assessment
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Study Citation: Jankowska, A., Polanska, K., Hanke, W., Wesotowska, E., Ligocka, D., Waszkowska, M., Staniczak, A., Tartaglione, A. M., Mirabella, F., Chiarotti, F.,
Gari, M., Calamandrei, G. (2019). Prenatal and early postnatal phthalate exposure and child neurodevelopment at age of 7 years - Polish Mother and Child
Cohort. Environmental Research 177:108626.

Health Neurological/Behavioral- Child cognition and psychomotor development (domains: fluid intelligence, crystallized intelligence, cognition, mathematical
Outcome(s) skills, psychomotor skills, language skills), Non-cancer
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)
HERO ID: 5933662
Domain Metric Rating Comments
Metric 3A:  Outcome Ascertainment Medium The outcomes of interest in this study were measures of child behavior, cognition, and

psychomotor development assessed at age 7. Child behavior was measured using mater-
nal report on the Strengths and Difficulties Questionnaire. The questionnaire is widely
used and has been validated (e.g. Stone et al. 2010, PMID 20589428). Child cognition
and psychomotor development was measured by trained psychologists using a Polish
adaptation of the Intelligence and Development Scales. This scale is also widely used
(Hagmann et al 2016, PMID: 27497247). The authors reported reliability of 0.94 for
fluid and crystallized intelligence and cited a study reporting correlations of 0.80 with
Wechsler Intelligence Scale for Children scores. The study did not state whether partic-
ipants and/or trained psychologists were aware of exposure status, but this is unlikely to
result in bias as the exposure was measured in biological samples.

Metric 3B: Selective Reporting Medium The authors described their primary and secondary analyses in the methods section and
results were reported for all primary and secondary analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium A wide array of potential confounders was considered. The inclusion of potential con-
founders in regression models was based on either hypothesized relevance to psychoso-
cial epidemiologic studies, or statistical significance of the association with at least
one outcome. Potential confounders included in models of outcomes assessed in the
Strengths and Difficulties Questionnaire were: child’s sex, child’s age at examination,
birth weight, SES, maternal educational level, prenatal and childhood tobacco smoke
exposure, breastfeeding duration and maternal BMI. Potential confounders included in
models of outcomes assessed in the Intelligence and Development Scales were: child’s
sex, child’s age at examination, maternal educational level, place of residence, birth
weight, prenatal and childhood tobacco smoke exposure and psychologist who have per-
formed child examination. Tobacco smoke exposure was quantified using cotinine mea-
surements in maternal saliva (prenatal) and child’s urine (postnatal). Both pre- and post-
natal measures of each phthalate were included simultaneously to address co-exposure
confounding.

Domain 5: Analysis

Continued on next page ...

Page 75 of 549



Diethylhexyl Phthalate Human Health Hazard Epidemology Evaluation HERO ID: 5933662 Table: 1 of 1

...continued from previous page

Study Citation: Jankowska, A., Polanska, K., Hanke, W., Wesotowska, E., Ligocka, D., Waszkowska, M., Staniczak, A., Tartaglione, A. M., Mirabella, F., Chiarotti, F.,
Gari, M., Calamandrei, G. (2019). Prenatal and early postnatal phthalate exposure and child neurodevelopment at age of 7 years - Polish Mother and Child
Cohort. Environmental Research 177:108626.

Health Neurological/Behavioral- Child cognition and psychomotor development (domains: fluid intelligence, crystallized intelligence, cognition, mathematical
Outcome(s) skills, psychomotor skills, language skills), Non-cancer
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-hydroxyhexyl)phthalate (MEHHP); Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)
HERO ID: 5933662
Domain Metric Rating Comments
Metric SA: Analysis Medium Analysis methods were largely appropriate. Outcomes assessed using the Strengths and

Difficulties Questionnaire were dichotomized (normal vs. borderline/clinical) and an-
alyzed using logistic regression, while outcomes assessed using the Intelligence and
Development Scales were left as continuous variables and analyzed using linear regres-
sion. Models were adjusted for confounders and included both prenatal and postnatal
phthalate metabolite concentrations simultaneously. Metabolite concentrations were
log10-transformed prior to analysis. The study does not specify how missing data or
values below the limit of detection were handled, although the proportion of participants
with such values appears to be low. The authors did not discuss evaluating robustness of
findings, stratifying by gender, or examining linearity of dose-response.

Metric 5B: Sensitivity Medium There was variability in both prenatal and postnatal measures of exposure. No additional
concerns related to study sensitivity were identified.

Additional Comments:  This prospective cohort study evaluated the association between prenatal and postnatal (age 2 years) phthalate metabolites and child behavior, cognition,
and psychomotor development at age 7. The study included 134 mother-child pairs from central Poland, a subset of the Polish Mother and Child Cohort.
Study methods were largely appropriate, with minor concerns largely due to a lack of information on some aspects of study design and analysis (e.g., loss
to follow-up, handling of missing data). MnBP in child urine samples was inversely associated with fluid intelligence and cognition, while oxo-MEHP
in maternal urine samples was positively associated with the same two outcomes. No statistically associations observed for other metabolites. For two
measured phthalate metabolites (oxo-MiNP and MEHP), associations with outcomes were not quantified due to detection rates of less than 70% in both
child and maternal urine samples.

Overall Quality Determination Medium
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Re(pr)oductive/Developmental— Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728664

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium The authors analyzed data from a nested case-control study that comprised 130 preterm

infants and 352 randomly selected infants delivered at >37 weeks. The parent cohort
recruited women at <17 weeks gestation from prenatal clinics in the Boston area who
planned to deliver at Brigham and Women’s Hospital (n=1600 recruited from 2006 to
2008; 1181 [74%] followed through delivery with live singleton infants). Further details
on participation rates and loss to follow-up were not provided. There was no evidence
that participation was associated with either phthalates exposure or birth outcomes, nor
any other evidence raising concerns related to selection bias.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement High Exposure was assessed using phthalate metabolites measured in spot urine samples col-
lected at up to three clinic visits. Measures included four DEHP metabolites (MEHP,
MEHHP, MEOHP, MECPP), MBzP (BBP metabolite), MBP (DBP metabolite), and
MiBP (DiBP metabolite). Samples were analyzed by an accredited laboratory (NSF In-
ternational, Ann Arbor, MI) using HPLC-MS methods developed by the CDC, described
elsewhere. Quality control procedures specific to this study were not described. Visits
occurred at median times of 9.71, 17.9, and 26.0 weeks of gestation; samples from a 4th
visit at 33 to 38 weeks were included in repeated measures analyses but excluded from
calculating average exposure given low availability among cases. Case and control Ns
for each visit were: 129 and 350; 118 and 304; 111 and 301; and 66, 314, respectively.
Samples below LOD (ranging from 0 to 4.7%) were imputed as LOD divided by the
square root of 2. Models adjusted for specific gravity to account for urine dilution. Ex-
posure to individual phthalates or the sum of four DEHP metabolites was analyzed as
the mean of up to three measures or using up to four repeated measures in linear mixed
models. Given the short half-life of metabolites, estimating prenatal phthalates exposure
using multiple samples collected throughout pregnancy to reduce exposure misclassifi-
cation was a strength of this study.

Domain 3: Outcome Assessment
Metric 3A: Outcome Ascertainment Medium Outcomes analyzed included preterm birth defined as <37 weeks of gestation, and ges-
tational age at delivery analyzed continuously. Gestational ages at individual clinic visits
and at delivery were calculated based on last menstrual period (LMP) and confirmed by
first trimester ultrasound. Details on how LMP-estimated gestational age was evaluated
and adjusted based on ultrasound data were not provided. However, there was no evi-
dence of important error or bias.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728664

Domain Metric Rating Comments

Metric 3B: Selective Reporting Medium The authors described their analyses in the methods section and results were reported for

all analyses.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium The authors did not specify the strategy used to identify confounders. All models ad-
justed a priori for urine specific gravity, maternal age, race, and education; models for
non-DEHP metabolites additionally adjusted for private vs. public health insurance
provider. Repeated measures models additionally adjusted for time of sample collection.
The same adjustments were included in an earlier study using the same data to analyze
individual phthalates and preterm birth (but not gestational age at delivery or phtha-
late mixtures), which used a 10% change in estimate criterion to select additional con-
founders selected from covariates that included infant sex, maternal smoking, alcohol
use, parity and use of assisted reproductive technology (Ferguson et al. 2014, HEROID
2345449). Co-exposure to other phthalates was addressed using two general approaches
to develop phthalate mixture variables (weighted quantile sums and environmental risk
scores) as detailed in the methods. There was no evidence that important confounders
were omitted or that intermediate variables were inappropriately included.

Domain 5: Analysis

Metric SA:  Analysis Medium Descriptive data included distributions of covariates among preterm (<37 weeks of
gestation) and non-preterm infants, and detailed distributions of phthalate metabolites.
As data came from a nested case control sample, inverse probability sample weights
for the overall cohort were applied in all analyses. Phthalate variables were natural log
transformed for analysis. Models analyzing exposure as the mean of measures from up
to three visits adjusted for mean specific gravity to address dilution; models analyzing
repeated measures included individual specific gravity measures. Repeated phthalates
measures were analyzed using a two-step approach: subject-specific intercepts were ex-
tracted from a linear mixed effects model with random intercepts fitted to the phthalates
measures and used as predictors in the outcome models. Associations between an IQR
increase in phthalates and infant age at delivery were compared from models using lo-
gistic regression (for preterm birth) vs. Cox proportional hazards regression and acceler-
ated failure time models (for gestational age at delivery). The authors did not explicitly
specify using complete case analysis (n=12 had missing covariate) or discuss model as-
sumptions; effect modification by variables such as infant sex was not discussed. There
was no evidence of important deficiencies or errors in the analyses.

Metric 5B: Sensitivity Medium The study included adequate sample size and adequate variability in exposure levels
to evaluate the primary study hypothesis. No major concerns were identified for study
sensitivity.
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Study Citation: Boss, J., Zhai, J., Aung, M. T., Ferguson, K. K., Johns, L. E., Mcelrath, T. F., Meeker, J. D., Mukherjee, B. (2018). Associations between mixtures
of urinary phthalate metabolites with gestational age at delivery: a time to event analysis using summative phthalate risk scores. Environmental Health
17(1):56.

Health Reproductive/Developmental- Gestational age at delivery, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728664

Domain Metric Rating Comments

Additional Comments:  This study analyzed the relationship between phthalates and time to delivery among 482 singleton infants from a cohort that recruited ~ 1600 pregnant
women in the Boston area in 2006-2008. The study re-analyzed data from a nested case-control study of preterm birth (n=130 cases), applying inverse
probability weights to compute inferences for the overall cohort. Using the mean of phthalates measured in up to three spot urines collected throughout
pregnancy, the sum of DEHP metabolites was associated with significantly shorter gestation using three approaches: Cox regression, accelerated failure
time models, and logistic regression modeling preterm birth. The individual metabolites MBzP and MBP were also associated with significantly shorter
gestation using Cox models. Furthermore, multiple indices of phthalates mixtures were associated with significantly shorter gestation using all three
approaches. Findings suggest that that prenatal exposure to several phthalates in pregnancy may reduce the duration of gestation.

Overall Quality Determination Medium
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.

Environment International 120:34-42.

Health Immune/Hematological- Maternal coagulation parameters in pregnancy: Activated partial thromboplastin time (APTT), prothrombin time (PT), thrombin
Outcome(s) time (TT), fibrinogen (Fg), Non-cancer
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)
HERO ID: 4728517
Domain Metric Rating Comments

Domain 1: Study Participation
Metric 1A:  Participant Selection

Medium

This baseline analysis of a birth cohort study examined the relationship between uri-
nary metabolites of DBP (MBP), BBP (MBzP), and DEHP (MEHP, MEHHP, MEOHP,
and MECPP) and hematologic measures. Women (mean age 28.6 years) were recruited
between December 2013 and October 2015 from the Wuhan Medical and Healthcare
Center for Women and Children in Wuhan, China. Eligibility criteria included singleton
pregnancy, residence in Wuhan for the foreseeable future, donated urine sample before
delivery, complete routine blood tests and coagulation function tests, and completed a
face-to-face questionnaire prior to delivery. Hematologic parameters were measured in
either routine testing throughout pregnancy (blood cell counts, coagulation parameters)
or in the late third trimester prior to delivery (anemia). Urine samples were collected
prior to delivery. Detailed participation rates during recruitment were not reported. Of
1642 women recruited, this study included 1482 (90.3%) participants with complete
urine phthalates and blood test data after excluding 132 women with intravenous fluids
or urine catheterization within two weeks before the urine samples were collected (po-
tential for phthalates contamination) and 28 with a history of third trimester medications
related to infections (potential for infection-related anemia). There was no evidence of
selection bias, as inclusion was not likely related to exposure, and attrition from the ini-
tial sample was low.

Domain 2: Exposure Characterization
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal coagulation parameters in pregnancy: Activated partial thromboplastin time (APTT), prothrombin time (PT), thrombin

Outcome(s) time (TT), fibrinogen (Fg), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728517

Domain Metric Rating Comments

Metric 2A: Exposure Measurement Low Phthalates metabolites were measured in a single spot urine sample collected from each

participant on the day of admission to the hospital before delivery. Analyses used solid
phase extraction coupled with an ultra-performance liquid chromatography-tandem
mass spectrometry. Detection rates were high for MBP, MEHP, MEHHP, MEOHP,

and MECPP (98.9, 91.0, 99.9, 99.8, and 99.8% respectively), and adequate for MBzP
(74.5%). The limits of detection (LOD) were 0.5 ug/L for MBP and MEHP, 0.1 ug/L for
MBzP, and 0.2 ug/for MEHHP, MEOHP, and MECPP, with concentrations below LOD
imputed as the LOD divided by the square root of 2. Specific gravity (SG) was used to
correct for urine dilution. Each batch of thirty samples included calibration standards,
reagent blanks, field blanks and isotope-labels quality control of high and low internal
standards. Recoveries ranged from 88.2 to 105.2%. Though external standards were not
used, there was no evidence of a lack of robustness. A strength was that women with
intravenous fluids or urine catheterization in the previous two weeks were excluded due
to risk of urine sample contamination. A limitation of this study was that some misclas-
sification of habitual phthalates exposure was likely, given the short half-life of phthalate
metabolites and use of a single random spot urine to estimate exposure. The authors
described data from other studies to suggest that estimates of low molecular weight
phthalates such as MBP may be more reliable than those others. A more important po-
tential limitation was the use of a single exposure measure close to delivery to estimate
potential effects of phthalates on outcomes measured as early as the first trimester. Out-
comes obtained from routine clinical testing were measured from <18.5 to >24 weeks’
gestation. Only one outcome, third trimester anemia, was measured concurrently with
exposure. Despite concerns, there was no direct evidence of important bias.

Domain 3: Outcome Assessment
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal coagulation parameters in pregnancy: Activated partial thromboplastin time (APTT), prothrombin time (PT), thrombin

Outcome(s) time (TT), fibrinogen (Fg), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728517

Domain Metric Rating Comments

Metric 3A:  Outcome Ascertainment Medium Data on blood cell counts and coagulation parameters was obtained from routine test-

ing by professional clinical laboratorians following standard operating procedures for
the healthcare center. Samples were tested for total white blood cell count (WBC), red
blood cell count (RBC), hemoglobin (Hb), and platelet counts (PLT) within two hours
after collection using an automatic blood cell analyzer. In addition, samples were anti-
coagulated for fifteen minutes to obtain plasma and the following routine coagulation
measures were obtained using an automated analyzer: activated partial thromboplastic
time (APTT), prothrombin time (PT), thromboplastin time (TT) and fibrinogen (Fg).
These routine hemostatic measures were analyzed as continuous measures. Reference
intervals to define measures of potential concern were not applied; the authors noted that
standard cutoffs my not be suitable for pregnant women given that normal pregnancy in-
volves changes in blood volume and the coagulation system. However, non-established
trimester-specific reference intervals from several publications were presented in the
supplemental materials. The timing of the routine clinical measures collected in this
study varied considerably: 19% prior to 18.5 weeks, 68% 18.5 to 23.9 weeks, and 13.5%
>=24 weeks gestation. The authors adjusted for gestational age at sample collection in
statistical models. While the authors did not discuss whether the variable timing might
relate to complications that arose throughout pregnancy they presented, a sensitivity
analysis excluding women with gestational hypertension, gestational diabetes or sponta-
neous membrane rupture; findings did not meaningfully change. There was no evidence
of important error or bias.

Metric 3B: Selective Reporting Medium Results were presented or described for all primary and secondary analyses discussed in
the methods section.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Low Potential confounders were described as selected based on previous studies. The authors
used a forward stepwise model selection procedure to identify covariates for the final
model based on statistical significance of p<0.10 for at least one of the outcomes. Uni-
variate distributions of confounders were presented, but not their relationship with the
multiple outcome and exposure variables analyzed. The covariates in the final models
included gestational age at sample collection, pre-pregnancy BMI, age, parity, gesta-
tional diabetes mellitus, gestational hypertension disorder, education status, passive
smoking during pregnancy, and iron supplementation during pregnancy. Folate sup-
plementation was additionally included in models for coagulation parameters (e.g.
APTT/PT/TT/Fg), and infant sex in models for cell counts and anemia. Co-exposure
confounding was not discussed (e.g. using mixture models). A potential limitation is the
use of statistical significance rather than either change-in-estimate or a causal diagram
to identify covariates for the final model. While infant sex was excluded coagulation
parameter models, there was no direct evidence of important error or bias resulting from
inadequate confounder adjustment.
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal coagulation parameters in pregnancy: Activated partial thromboplastin time (APTT), prothrombin time (PT), thrombin

Outcome(s) time (TT), fibrinogen (Fg), Non-cancer

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728517

Domain Metric Rating Comments

Domain 5: Analysis

Metric SA:  Analysis Medium Detailed univariate descriptive data for both exposure and outcome variables were

presented. The study was largely limited to women with complete data; only 0.4% of
women were missing data on third trimester anemia. When analyzed as continuous vari-
ables, SG-corrected phthalate metabolite concentrations were In-transformed to reduce
the influence of extreme values. One outcome variable (thromboplastin time, TT) was
also In-transformed based on the results of the Kolmogorov-Smirnov normality test.
Spearman correlations were presented to characterize unadjusted associations among
variables. Continuous outcome variables were analyzed using general linear models and
continuous exposure variables. In logistic regression models used for anemia, a categor-
ical outcome, exposure was analyzed using both In-transformed continuous variables
and tertiles. Results were presented as beta coefficients or odd ratios with 95% confi-
dence intervals and p-values. A sensitivity analysis restricted the sample to participants
without gestational hypertension disorders, gestational diabetes mellitus or spontaneous
membrane rupture before urine sample collection. The authors also calculated and pre-
sented p-values adjusted for false discovery rate to account for multiple comparisons.
There was no evidence of important deficiencies with respect to analysis.

Metric 5B: Sensitivity Medium Sample size was large (n =1482 total). The authors reported results of post-hoc tests
suggesting that statistical power was adequate, but details on how tests were conducted
were not reported (range from 0.92 to 0.98 for multiple regression and 0.96 to 0.97 for
logistic regression). Descriptive data indicated that there was variability in phthalates
exposures (e.g. median [IQR] for MBP, which had the highest median concentration,
was 78.8 [26.2, 215] ug/L, and MBzP, which had the lowest, was 0.07 ug/L [<LOD,
0.16]. Continuous outcomes had variability, and the prevalence of third trimester anemia
was 16.0%. There was no evidence that sensitivity was inadequate.

Additional Comments:

This baseline analysis of a birth cohort study included n=1482 pregnant women. The study examined the relationship between urinary phthalate metabolites
measured shortly before delivery and third trimester anemia measured concurrently with phthalates, as well as routine hematologic parameters (blood cell
counts, coagulation parameters) measured throughout pregnancy. Limitations included the timing of exposure measurements relative to outcomes besides
anemia, as well as the use of a single random spot urine to characterize exposure. While previous literature was used to identify potential confounders a
priori, final variables were selected based on statistical significance. Although there was no direct evidence of important bias, the use of a single exposure
measure collected close to delivery to estimate potential effects of phthalates on outcomes measured as early as the first trimester limits confidence in
findings for associations with routine hematology outcomes.

Overall Quality Determination Medium
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728517

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium This baseline analysis of a birth cohort study examined the relationship between uri-

nary metabolites of DBP (MBP), BBP (MBzP), and DEHP (MEHP, MEHHP, MEOHP,
and MECPP) and hematologic measures. Women (mean age 28.6 years) were recruited
between December 2013 and October 2015 from the Wuhan Medical and Healthcare
Center for Women and Children in Wuhan, China. Eligibility criteria included singleton
pregnancy, residence in Wuhan for the foreseeable future, donated urine sample before
delivery, complete routine blood tests and coagulation function tests, and completed a
face-to-face questionnaire prior to delivery. Hematologic parameters were measured in
either routine testing throughout pregnancy (blood cell counts, coagulation parameters)
or in the late third trimester prior to delivery (anemia). Urine samples were collected
prior to delivery. Detailed participation rates during recruitment were not reported. Of
1642 women recruited, this study included 1482 (90.3%) participants with complete
urine phthalates and blood test data after excluding 132 women with intravenous fluids
or urine catheterization within two weeks before the urine samples were collected (po-
tential for phthalates contamination) and 28 with a history of third trimester medications
related to infections (potential for infection-related anemia). There was no evidence of
selection bias, as inclusion was not likely related to exposure, and attrition from the ini-
tial sample was low.

Domain 2: Exposure Characterization

Continued on next page...
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Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,

S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.

Environment International 120:34-42.
Health

Outcome(s)
Assessed:
Chemical:

HERO ID: 4728517

Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer

Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

Domain Metric

Rating

Comments

Metric 2A:  Exposure Measurement

Medium

Phthalates metabolites were measured in a single spot urine sample collected from each
participant on the day of admission to the hospital before delivery. Analyses used solid
phase extraction coupled with an ultra-performance liquid chromatography-tandem
mass spectrometry. Detection rates were high for MBP, MEHP, MEHHP, MEOHP,

and MECPP (98.9, 91.0, 99.9, 99.8, and 99.8% respectively), and adequate for MBzP
(74.5%). The limits of detection (LOD) were 0.5 ug/L for MBP and MEHP, 0.1 ug/L for
MBzP, and 0.2 ug/for MEHHP, MEOHP, and MECPP, with concentrations below LOD
imputed as the LOD divided by the square root of 2. Specific gravity (SG) was used to
correct for urine dilution. Each batch of thirty samples included calibration standards,
reagent blanks, field blanks and isotope-labels quality control of high and low internal
standards. Recoveries ranged from 88.2 to 105.2%. Though external standards were not
used, there was no evidence of a lack of robustness. A strength was that women with
intravenous fluids or urine catheterization in the previous two weeks were excluded due
to risk of urine sample contamination. A limitation of this study was that some misclas-
sification of habitual phthalates exposure was likely, given the short half-life of phthalate
metabolites and use of a single random spot urine to estimate exposure. The authors
described data from other studies to suggest that estimates of low molecular weight
phthalates such as MBP may be more reliable than those others. A more important po-
tential limitation was the use of a single exposure measure close to delivery to estimate
potential effects of phthalates on outcomes measured as early as the first trimester. Out-
comes obtained from routine clinical testing were measured from <18.5 to >24 weeks’
gestation. Only one outcome, third trimester anemia, was measured concurrently with
exposure. Despite concerns, there was no direct evidence of important bias.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment

Metric 3B: Selective Reporting

Medium

Medium

Anemia in the third trimester was measured in blood samples collected shortly before
delivery and was defined as hemoglobin (Hb) Hb concentration <110 g/L in third
trimester, in accordance with a 2008 WHO reference. This measure is appropriate but
lacks specificity in that it does not identify types of anemia, i.e. due to deficiencies in
iron, folate, B12 or other causes such as changes in blood volume. In addition, authors
did not discuss the timing or duration of anemia, i.e., whether any participants had been
previously identified as having anemia during pregnancy that remained unresolved.
Results were presented or described for all primary and secondary analyses discussed in
the methods section.

Domain 4: Potential Confounding / Variability Control

Continued on next page...
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)
HERO ID: 4728517
Domain Metric Rating Comments
Metric 4A:  Potential Confounding Low Potential confounders were described as selected based on previous studies. The authors

used a forward stepwise model selection procedure to identify covariates for the final
model based on statistical significance of p<0.10 for at least one of the outcomes. Uni-
variate distributions of confounders were presented, but not their relationship with the
multiple outcome and exposure variables analyzed. The covariates in the final models
included gestational age at sample collection, pre-pregnancy BMI, age, parity, gesta-
tional diabetes mellitus, gestational hypertension disorder, education status, passive
smoking during pregnancy, and iron supplementation during pregnancy. Folate sup-
plementation was additionally included in models for coagulation parameters (e.g.
APTT/PT/TT/Fg), and infant sex in models for cell counts and anemia. Co-exposure
confounding was not discussed (e.g. using mixture models). A potential limitation is the
use of statistical significance rather than either change-in-estimate or a causal diagram
to identify covariates for the final model. While infant sex was excluded coagulation
parameter models, there was no direct evidence of important error or bias resulting from
inadequate confounder adjustment.

Domain 5: Analysis
Metric SA: Analysis Medium Detailed univariate descriptive data for both exposure and outcome variables were

presented. The study was largely limited to women with complete data; only 0.4% of
women were missing data on third trimester anemia. When analyzed as continuous vari-
ables, SG-corrected phthalate metabolite concentrations were In-transformed to reduce
the influence of extreme values. One outcome variable (thromboplastin time, TT) was
also In-transformed based on the results of the Kolmogorov-Smirnov normality test.
Spearman correlations were presented to characterize unadjusted associations among
variables. Continuous outcome variables were analyzed using general linear models and
continuous exposure variables. In logistic regression models used for anemia, a categor-
ical outcome, exposure was analyzed using both In-transformed continuous variables
and tertiles. Results were presented as beta coefficients or odd ratios with 95% confi-
dence intervals and p-values. A sensitivity analysis restricted the sample to participants
without gestational hypertension disorders, gestational diabetes mellitus or spontaneous
membrane rupture before urine sample collection. The authors also calculated and pre-
sented p-values adjusted for false discovery rate to account for multiple comparisons.
There was no evidence of important deficiencies with respect to analysis.
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Study Citation: Jiang, M., Li, Y., Zhang, B., Zhou, A., Zhu, Y., Li, J., Zhao, H., Chen, L., Hu, J., Wu, C., Peng, Y., Liao, J., Xia, Z., Cai, Z., Chen, X., Xu, B., Xia, W., Xu,
S. (2018). Urinary concentrations of phthalate metabolites associated with changes in clinical hemostatic and hematologic parameters in pregnant women.
Environment International 120:34-42.

Health Immune/Hematological- Maternal anemia (low Hb) in the third trimester, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)
HERO ID: 4728517
Domain Metric Rating Comments
Metric 5B: Sensitivity Medium Sample size was large (n =1482 total). The authors reported results of post-hoc tests

suggesting that statistical power was adequate, but details on how tests were conducted
were not reported (range from 0.92 to 0.98 for multiple regression and 0.96 to 0.97 for
logistic regression). Descriptive data indicated that there was variability in phthalates
exposures (e.g. median [IQR] for MBP, which had the highest median concentration,
was 78.8 [26.2, 215] ug/L, and MBzP, which had the lowest, was 0.07 ug/L [<LOD,
0.16]. Continuous outcomes had variability, and the prevalence of third trimester anemia
was 16.0%. There was no evidence that sensitivity was inadequate.

Additional Comments:  This baseline analysis of a birth cohort study included n=1482 pregnant women. The study examined the relationship between urinary phthalate metabolites
measured shortly before delivery and third trimester anemia measured concurrently with phthalates, as well as routine hematologic parameters (blood cell
counts, coagulation parameters) measured throughout pregnancy. Limitations included the timing of exposure measurements relative to outcomes besides
anemia, as well as the use of a single random spot urine to characterize exposure. Anemia was defined based on hemoglobin levels; the study did not
additionally include information on anemia type or duration. While previous literature was used to identify potential confounders a priori, final variables
were selected based on statistical significance. Despite some limitations, there was no direct evidence of important error or bias in analyses relating
phthalates metabolites in late pregnancy to third trimester anemia.

Overall Quality Determination Medium
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Study Citation: Kim, K. N., Lee, M. R., Choi, Y. H, Lee, B. E., Hong, Y. C. (2018). Association between phthalate exposure and lower lung function in an urban elderly
population: A repeated-measures longitudinal study. Environment International 113:177-183.

Health Lung/Respiratory- Spirometry (FEV1, FVC, FEV1/FVC, FEF25-75), Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728477

Domain Metric Rating Comments

Domain 1: Study Participation

Metric 1A:  Participant Selection Medium Study participants were recruited from 2 elderly welfare centers from 2012 to 2015 with

repeat surveys conducted every year. The proportion of participants completing 1, 2,

or all 3 surveys is reported however rationale for the participation rate is not reported.
Enough description of the recruitment process is reported to be comfortable that there is
no serious risk of bias.

Domain 2: Exposure Characterization

Metric 2A:  Exposure Measurement Medium Exposure to phthalate metabolites determined by repeat urine samples collected annu-
ally and adjusted for creatinine level. While repeat measures strengthen confidence in
exposure classification, the short half-life of phthalate metabolites and the latency be-
tween repeat measures may allow for the existence of exposure misclassification but it is
not expected to greatly influence the effect estimates. Exposure measurement represents
the etiologically relevant time period of interest. LOD and proportion of samples below
the LOD are reported.

Domain 3: Outcome Assessment

Metric 3A: Outcome Ascertainment Medium Lung function measurements were assessed by a trained technician using a standard
instruments following European Respiratory Society and American Thoracic Society
recommendations. Three lung function tests that met quality standards were obtained
and the greatest value was recorded. Moderate confidence that outcome definition was
specific and sensitive though some uncertainty remains with respect to misclassification
but it is not expected to greatly impact the effect estimates.

Metric 3B: Selective Reporting Medium The authors described their primary and secondary analyses in the methods section and
results were reported for all primary analyses.

Domain 4: Potential Confounding / Variability Control
Metric 4A:  Potential Confounding Medium Distribution of sociodemographic characteristics and the outcome lung function mea-
sures is presented. Analysis restricted to those without missing lung function and ph-
thalate metabolite information. Key confounders between the association of phthalate
exposure and lung function measures are considered, including: age, sex, SES, smoking
status, physical activity, and comorbidity status.

Domain 5: Analysis

Continued on next page...
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Study Citation: Kim, K. N., Lee, M. R., Choi, Y. H, Lee, B. E., Hong, Y. C. (2018). Association between phthalate exposure and lower lung function in an urban elderly
population: A repeated-measures longitudinal study. Environment International 113:177-183.

Health Lung/Respiratory- Spirometry (FEV1, FVC, FEV1/FVC, FEF25-75), Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 4728477

Domain Metric Rating Comments

Metric SA:  Analysis High Quantitative results of analyses are reported by effect estimate and confidence limits or

estimate variability. Descriptive statistics presented for exposure and outcome. LOD
of exposures and percentage below LOD are reported. Creatinine-adjusted phthalate
metabolite levels were log2-transformed based on the observed log-normal distribution
of the data. Analyses addressing the robust of the data are provided, including: stratifica-
tion by COPD status, adjustment for blood heavy metals, inverse probability weighting
of participation in each follow-up survey, further adjustment for smoking status vari-
ables, and exclusion of participants with surgery on the chest or abdomen within 1 year
of spirometry.

Metric 5B: Sensitivity Medium Sample size (n = 537) is adequate to determine changes in lung function following ex-
posure to phthalates. The variability and range of exposure levels provide adequate vari-
ability to evaluate the effect of phthalate exposure. Few samples were below the LOD.

Additional Comments:  This cohort study included n = 559 participants and presented relatively high-quality analysis methodology. Other than the limitations inherent to cohort
studies, the study did not have substantial flaws. The authors reported an inverse associations between a doubling of creatinine-adjusted urinary phthalate
levels and FEV (Beta = -0.01 for mono-(-2-ethyl-5-hydrohexyl) phthalate; Beta = -0.02 for mono-(2-ethyl-5-oxohexyl) phthalate; Beta = -0.01 for mono-
n-butyl phthalate), as well as FVC (Beta = -0.02 for mono-(-2-ethyl-5-hydrohexyl) phthalate; Beta = -0.02 for mono-(2-ethyl-5-oxohexyl) phthalate; Beta
= -0.02 for mono-n-butyl phthalate). Statistical models were adjusted for several potential confounding factors.

Overall Quality Determination Medium
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):e0208553.
Health Lung/Respiratory- Spirometry: FEV1, FVC, FEV1/FVC (%), FEF 25-75, Non-cancer
Outcome(s)
Assessed:
Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)
HERO ID: 5043508
Domain Metric Rating Comments
Domain 1: Study Participation
Metric 1A:  Participant Selection Low The study included 56 asthmatic children aged 6-16 years living in Seoul Metropoli-
tan Area, Korea. The children were followed for 17 months (October 2013 to February
2015). Asthma was diagnosed by a physician based on symptoms (recurrent wheezing,
cough or breathing difficulties) in the last 12 months and airway hyper responsiveness
(12% improvement in FEV1 in pre/post bronchodilator FEV1 or 20% decline in FEV1
in response to less than 8mg/ml of inhaled methacholine. Skin prick tests for common
indoor and outdoor allergens were performed (10 in total), but the authors do not state
whether a positive skin test was part of the definition of asthma. The authors do not pro-
vide information about exclusion criteria. The authors do not describe their recruitment
methods. Pre-screening methods prior to the first study visit are not described, if there
were any. The authors also do not provide any information on the participation rate or
reasons for exclusion. Selection bias is difficult with the information provided about
subject selection in the manuscript, but no direct evidence of selection bias is apparent.
Domain 2: Exposure Characterization
Metric 2A:  Exposure Measurement Medium  The authors measured urinary concentrations of three phthalate metabolites, including

mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-(2-ethyl-5-hydroxyhexyl) phtha-
late (MEHHP), and mono-n-butyl phthalate (MnBP). First morning voids and last voids
before sleep were collected up to six times on different days from each child. The au-
thors state that last voids prior to sleep were collected at home, but do not state whether
first morning voids were collected at home or in the clinic. No information is provided
about urine storage conditions in homes, shipping or transport methods, or duration of
time between collection in the home delivery to the lab.Urine samples were collected in
sterile cups, but it is not clear whether they were phthalate free. In addition, the authors
do not provide any information on the schedule of urine collection (i.e. days between
collectionss), if a schedule was followed. Once collected, samples were stored in -80°C
freezer up to 3 months prior to analysis. Metabolite concentrations were measured using
high performance liquid chromatography-mass selective detector and adjusted for creati-
nine concentrations. The authors provide the limit of detection for the three metabolites.
Daily intake (DI) of phthalates was estimated using physiologically based pharmacoki-
netic modelling that incorporated the metabolite concentrations and established urinary
metabolite excretion factors.The authors provide information on the distributions of

the metabolite concentrations, including the mean, standard deviation and interquartile
range. They also note that the distributions were skewed.

Domain 3: Outcome Assessment

Continued on next page...
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Study Citation: Kim, Y., Kim, J., Cheong, H., Jeon, B., Ahn, K. (2018). Exposure to phthalates aggravates pulmonary function and airway inflammation in asthmatic
children. PLoS ONE 13(12):¢0208553.

Health Lung/Respiratory- Spirometry: FEV1, FVC, FEV1/FVC (%), FEF 25-75, Non-cancer

Outcome(s)

Assessed:

Chemical: Diethylhexyl Phthalate- Metabolite: Mono-(2-ethyl-5-oxohexyl)phthalate (MEOHP)

HERO ID: 5043508

Domain Metric Rating Comments

Metric 3A: Outcome Ascertainment Low Outcome examined included FEV1, FVC, FEV1/FVC, and FEF25-75, measured by

spirometry, and PEFR measured by peak flow meter. Trained examiners conducted
spirometry testing and measured PEFR during morning clinic visits up to four times on
different days. Measurements were not taken on days that rescue medications were used.
Patients or caregivers administered peak flow testing at home during the evening on the
same day as spirometric testing. One limitation of the study is that the authors do not
provide information on the training methods or quality control and assurance procedures
for any of the lung function tests, nor do they provide information on the quality of
the tests. While the authors reference 2005 American Thoracic Society standards for
acceptability of spirometry, they do not reference reproducibility criteria, which raises
concerns about spirometry quality.

Metric 3B: Selective Reporting Medium  The authors describe their analyses in the methods section. The results for all analyses
are provided, including non-significant findings.

Domain 4: Potential Confounding / Variability Control

Metric 4A:  Potential Confounding Medium  The authors estimated the association between the In-transformed metabolite concen-
trations and respiratory outcomes using linear mixed effect (LME) models and penal-
ized regression curves of a generalized additive mixed models (GAMM). Final models
were adjusted for age, sex, BMI, ambient PM 10, outdoor temperature, relative humid-
ity, urinary cotinine level, and controller medication use. The GAMM model adopting
smoothing included other metabolites as well. The only rationale the authors provided
for the selection of confounders is based the relationship of the variables to the out-
comes. Their relationship to the exposures was not a selection factor, and no information
is provided on the relationships between the confounders and exposures and outcomes.
Some limitations with the confounders included in the models include: no description of
the measuring cotinine; use of BMI rather than BMI for age percentile; no specification
of the geographic level at which the outdoor environmental measurements were taken;
lack of adjustment for indoor exposures to temperature, relative humidity, or PM10; 