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Abstract

Phthalates are associated with several adverse health outcomes, but few studies have evaluated 

phthalate exposures in Mexican populations, particularly pregnant women. Between 2007 and 

2011, 948 pregnant women from Mexico City were recruited as part of the PROGRESS cohort. 

We quantified 17 metabolites of phthalates and phthalate alternatives in urine samples collected 

during the second and third trimesters and examined temporal trends of metabolites 

concentrations, within-person reproducibility, and relations of individual metabolites with 

sociodemographic, lifestyle, and occupational factors. Concentrations of mono-2-ethyl-5-

carboxypentyl terephthalate, a metabolite of the alternative phthalate di-2-ethylhexyl terephthalate, 
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increased monotonically from 2007 to 2010 (31% per year, 95% confidence interval: 23%, 39%). 

We observed moderate to high correlations among metabolites collected at the same visit, but there 

was high variability between second and third trimester phthalate metabolite concentrations 

(intraclass correlation coefficients: 0.17–0.35). In general, higher SES was associated with higher 

phthalate concentrations. Some metabolites were associated with maternal age and education, but 

no consistent patterns were observed. Women working in the home and those who worked in 

administration had higher concentrations of several phthalate metabolites relative to students, 

professionals, and those in customer service. Biomonitoring efforts are warranted to investigate 

present and future exposure trends and patterns.
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1. Introduction

Phthalates are a class of synthetic organic chemicals commonly used in industrial and 

commercial products. High molecular weight (HMW) phthalates are used in plastic tubing, 

food packaging, toys, containers and building materials1,2, and low molecular weight 

(LMW) phthalates are typically used in some personal care products, solvents, fixatives, 

medications, or alcohol denaturants2–5. Because phthalates are not covalently bound to the 

commercial products, they are released in the environment, resulting in widespread human 

exposures globally6.

Epidemiological data suggest associations between phthalate exposure and a variety of 

adverse health outcomes, including reproductive7–10, perinatal11–19, and offspring health 

outcomes20–25. Di(2-ethylhexyl) phthalate (DEHP) is a known reproductive toxicant26 and 

its use, along with several other phthalates, have been restricted by the European Union27, 

United States28, and other legislative bodies. As data on the health effects of phthalates and 

their metabolites accumulate, phthalates with suspected harmful effects have been replaced 

with alternative phthalates or phthalate substitutes. For example, DEHP is being replaced 

with alternative phthalates such as di(2-ethylhexyl) terephthalate (DEHTP), a structural 

isomer of DEHP29, and the non-phthalate plasticizer di(isononyl)cyclohexane-1,2-

dicarboxylate (DINCH)30. U.S. biomonitoring data from 2001–2016 have shown 

corresponding temporal changes in the profiles of urinary phthalate metabolites, with 

declining concentrations of some phthalates as the use of alternative phthalates or phthalate 

substitutes has increased31,32.

To date, most biomonitoring studies of phthalates have been conducted on North American, 

European and Asian populations, relatively little data are available for Central and South 

American populations33. Despite the recognized impact of phthalates on human health and 

near ubiquitous human exposure, Mexico has not yet adopted any regulations on phthalates 

use in commercial products. Only two previous studies have reported data on phthalate 

exposures in Mexican adults34,35, including a small cohort pregnant women35, and neither 

reported on temporal trends and sociodemographic correlates. Such knowledge is vital to our 
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understanding of the global trends and exposure patterns and can help guide public health 

and research priorities. In light of potential health impacts of phthalate exposure, particularly 

for sensitive populations such as pregnant women19,35, we described the temporal trends and 

sociodemographic determinants of urinary phthalate concentrations in a cohort of pregnant 

women from Mexico City.

2. Methods

2.1. Cohort Recruitment and Follow Up:

From July 2007 to February 2011, the Programming Research in Obesity, Growth, 

Environment and Social Stressors (PROGRESS) study recruited 1054 women with singleton 

pregnancies from Mexico City who were receiving prenatal care from Mexican Social 

Security System (IMSS) and 948 women remained until delivery. Women were eligible if 

they were 18 years or older, less than 20 weeks gestation at the time of recruitment, planning 

to stay in Mexico City for the next 3 years, free of heart or kidney disease, did not use 

steroids or anti-epilepsy drugs, not daily consumers of alcohol, and had access to a 

telephone. Written informed consent was obtained from all participants. The study protocols 

were approved by institutional review boards at the Harvard School of Public Health, Icahn 

School of Medicine at Mount Sinai, and the Research, Ethics in Research and Biosafety 

Committees in the Mexican National Institute of Public Health. The analysis of blinded 

specimens at the Centers for Disease Control and Prevention (CDC) laboratory was 

determined not to constitute engagement in human subjects research.

2.2. Sociodemographic, Anthropometric, and Lifestyle Factors:

We assessed maternal age (years), education (<high school, high school, >high school), 

socioeconomic status (SES) based on the Mexican Association of Research and Public 

Opinion Agencies (AMAI) guidelines36), parity (0, 1, 2, >2), alcohol use (binary), ever 

smoking (binary), and secondhand smoking (binary) via questionnaire during the second 

trimester. Height and weight were measured by trained personnel using Health-O-Meter 

combined scale and stadiometer (Scaleomatics inc, Cleveland, OH). We calculated gestation 

age at the time of each study visit based on self-reported last menstrual period and the 

Capurro method37. We additionally asked the women regarding their occupation and 

subsequently combined responses to form five mutually exclusive groups: administrative 

tasks and services (includes cashier, secretary, and supervisory roles), customer service (e.g. 

chef, tourist guide, shop assistant, etc.), student, professional services (engineer, doctor, 

teach, etc.), and those working in the home.

2.3. Urine Collection and Phthalate and DINCH Metabolites Quantification:

Maternal urine samples were collected during the second and third trimester study visits in 

phthalate-free specimen collection cups and 2 mL aliquots were stored at −800C. Phthalate 

and DINCH metabolites quantification was conducted at the Centers for Disease Control and 

Prevention (CDC) using isotope dilution high-performance liquid chromatography coupled 

with tandem mass spectrometry as previously described38.
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Samples were analyzed for 15 phthalate metabolites and two metabolites of DINCH: mono-

n-butyl phthalate (MBP), mono-isobutyl phthalate (MiBP), mono-hydroxybutyl phthalate 

(MHBP), mono-hydroxyisobutyl phthalate (MHiBP), mono-3-carboxypropyl phthalate 

(MCPP), monoethyl phthalate (MEP), mono-2-ethyl-5-carboxypentyl phthalate (MECPP), 

mono-2-ethylhexyl phthalate (MEHP), mono-2-ethyl-5-hydroxyhexyl phthalate (MEHHP), 

mono-2-ethyl-5-oxohexyl phthalate (MEOHP), monobenzyl phthalate (MBzP), 

mono(carboxy-isononyl) phthalate (MCNP) mono(carboxy-isooctyl) phthalate (MCOP), 

monooxononyl phthalate (MONP), mono-2-ethyl-5-carboxypentyl terephthalate (MECPTP), 

cyclohexane-1,2-dicarboxylic acid, monocarboxy isooctyl ester (MCOCH), and 

cyclohexane-1,2-dicarboxylic acid, monohydroxy isononyl ester (MHiNCH).

Limits of detection (LOD) ranged from 0.2 to 1.2 ng/mL, depending on the metabolite. For 

phthalate metabolites, concentrations below the LOD were replaced by the instrumental 

reported value and zero values were replaced by the lowest instrumental reported value for 

that metabolite. Distributions and associations observed in this study did not meaningfully 

change when we corrected for LOD by imputing all values below LOD with LOD/sqrt(2)39. 

To summarize multiple metabolites of the same parent compound for presentation, we 

calculated molar sums of DEHP (ΣDEHP = MEHP + MEHHP + MEOHP +MECPP), DiNP 

(ΣDiNP = MONP + MCOP), DiBP (ΣDiBP = MHiBP + MiBP), and DBP (ΣDBP = MBP + 

MHBP) and then multiplied these molar sums by the molecular weight of one metabolite 

(MECPP for ΣDEHP, MCOP for ΣDiNP, MHiBP for ΣDiBP, MHBP for ΣDBP). For 

DINCH metabolites MCOCH and MHiNCH, a dichotomous variable was created (above vs. 

below LOD) due to low detection frequencies.

In addition to the standard analytical quality control protocols of the CDC laboratory, a pool 

of anonymous human adult urine (BioIV, NY, USA) was included as a blinded replicate 92 

times randomly inserted throughout the study samples. As shown in Supplemental Figure 1, 

the variations observed in the QC samples were small compared to the population 

distribution.

Urine specific gravity (SG) was measured using a digital handheld refractometer (AR200, 

Reichert Technologies, Buffalo, NY). The formula40 for dilution standardization of phthalate 

measurement by specific gravity is Pc = P[(SGm-1)/(SG-1)] where Pc is the SG-corrected 

metabolite concentration (ng/mL), P is the measured phthalate metabolite concentration, 

SGm is the median SG value of all samples, and SG is the specific gravity value for that 

individual urine sample. Imputation of the median value of the study samples (1.016) was 

used for 101 samples from the second trimester visit with missing specific gravity measures. 

All presented results and trends do not meaningfully change when restricted only to those 

with measured SG.

2.4. Statistical Analysis:

We calculated geometric means, quantiles, and detection frequencies to describe the 

distributions of urinary metabolites for both visits. We used spearman correlation test to 

examine pairwise correlations between metabolites at each visit and the Kolmogorov-

Smirnov test to examine differences in distribution of metabolites between trimesters. To 

estimate the within- and between-person variability between the second and third trimester 
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samples, we calculated the intraclass correlation coefficient (ICC) and estimated the 95% 

confidence interval (CI) via 10,000 bootstraps.

We used linear regression with general estimating equation (GEE) to compare second and 

third trimester urinary metabolite concentrations where we modeled trimester of visit as the 

exposure and log metabolite concentrations as outcomes. We used a similar model to assess 

temporal trends in metabolite concentrations from 2007 to 2010. We decided to exclude year 

2011 from the temporal trends analysis due to the low number of participants recruited that 

year. Second and third trimester visits were treated as repeated observations where year of 

visit was modeled as the exposure and log metabolite concentrations as outcomes. For all 

GEE models where log2 metabolite concentrations were modeled as outcomes, we 

calculated concentration ratios (CR) by taking the exponential of the beta coefficient, which 

represents the relative difference in urinary metabolite concentrations, and their 

corresponding 95% confidence intervals (CI). For presentation of the temporal trends, we 

additionally calculated geometric means and 95% CIs by year. We used unadjusted linear 

regression models to assess bivariate relations between second trimester urinary metabolites 

with sociodemographic and lifestyle factors. The resulting effect estimates are presented as 

CRs and 95% CIs. In all statistical models, log2 transformed SG-corrected metabolite 

concentrations were used.

3. Results

At second trimester (16–22 weeks gestation), 948 PROGRESS participants had available 

urinary phthalate and DINCH metabolite data while 792 participants additionally had 

urinary metabolite data in the third trimester (27–34 weeks gestation). A total of 183, 308, 

245, 188, and 24 participants were recruited in years 2007, 2008, 2009, 2010, and 2011. The 

mean age and BMI of the participants at the time of recruitment were 27.3 years (SD=5.5) 

and 26.9 kg/m2 (SD=4.2), respectively. The majority of participants did not complete high 

school (76%) and were not current smokers (99%) or alcohol consumers (97%). The study 

participants were generally of low SES, with 74% of individuals in the bottom three 

categories of the AMAI index. Additional demographic data can be found in Supplemental 

Table 1.

3.1. Distribution of Phthalates and DINCH among Pregnant Women from Mexico City:

In both the second and third trimesters, 14 of the 15 measured phthalate metabolites were 

detected in ≥92% of all samples (Table 1). In contrast, the DINCH metabolites MCOCH and 

MHiNCH were detected in ≤4% second trimester samples and in ≤8% of all samples in the 

third trimester. Due to the low detection frequencies, the DINCH metabolites were not 

examined in subsequent analyses. Compared to a similar cohort of pregnant women 

recruited in Mexico City from 1997–2005 35, PROGRESS participants had higher 

concentrations of MBP, MiBP, and MBzP (Figure 2). In contrast, in comparison to a group 

of older women recruited as controls for a case-control study of breast cancer in Northern 

Mexico from 2007 to 2008 34, PROGRESS participants had lower concentrations of DEHP 

metabolites and MCPP.
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Phthalate metabolites from different parent compounds showed moderate to strong pairwise 

correlations with one another at each visit (Spearman rho=0.33–0.74), with the exception of 

MEP, which was weakly correlated with all other metabolites (Spearman rho=0.15–0.41) 

(Supplemental Figure 2). As expected, metabolites from the same parent compounds 

exhibited very strong pairwise correlations with each other (0.75–0.98).

3.2. Variability Between Second and Third Trimesters:

For all metabolites, we observed low ICCs between second and third trimester 

concentrations within individuals (ICC: 0.18–0.35, Table 2). Among participants with both 

second and third trimester samples, third trimester urinary concentrations was higher in the 

third trimester compared to the second trimester for metabolites MEOHP (CR=1.28, 95% 

CI: 1.16, 1.39), MEHHP (CR=1.20, 95% CI: 1.08, 1.32), MECPP (CR=1.20, 95% CI: 1.09, 

1.31), MECPTP (CR=1.30, 95% CI: 1.18, 1.42), MONP (CR=1.28, 95% CI: 1.15, 1.41), 

MHiBP (CR=1.11, 95% CI:1.00, 1.23), MiBP (CR=1.18, 95% CI: 1.07, 1.29), MBP 

(CR=1.11, 95% CI: 0.99, 1.24), MHBP (CR=1.12, 95% CI: 0.99, 1.25), and MEP (CR=1.10, 

95% CI: 0.94, 1.26). Kolmogorov-Smirnov test using scaled metabolite concentrations 

showed no statistically significant differences in the distributions of metabolites between 

visits (data not shown).

3.3. Temporal Trends:

Figure 1 shows the temporal trends of measured phthalate metabolites from 2007 to 2010 

among PROGRESS participants. There was a clear monotonic increase in urinary MECPTP 

concentrations from 2007 to 2010 (112% increase in 2010 compared to 2007, 95% CI: 87%, 

137%, Supplemental Table 2). ΣDiBP and MBzP were higher in 2008–2010 compared to 

2007, but these were primarily driven by lower concentrations in 2007 as no increases were 

observed from 2008 to 2010 (Supplemental Table 2). MEP was the only metabolite to show 

decreased urinary concentrations over time, most notably from 2008 to 2010.

3.4. Sociodemographic and Lifestyle Factors Related to Phthalates Exposure:

There were several nominal associations between measured sociodemographic factors and 

second trimester urinary phthalate metabolite concentrations. Older age was associated with 

decreased concentrations of MBzP (CR: 0.66, 95% CI: 0.51–0.85, >35 years compared to 

<25 years, Table 3). SES was associated with increased concentrations of DBP and DEP 

metabolites (Table 3). Compared to those in the lowest category of SES, those in the highest 

two categories of SES had 43% (95% CI: 7%, 90%), 46% (95% CI: 7%, 99%), and 57% 

(95% CI: 8%, 129%) higher concentrations of MBP, MHBP, and MEP, respectively. There 

were suggestions that SES was also associated with higher concentrations of DiNP 

metabolites MONP and MCOP. Attainment of a post high school degree was associated with 

lower concentrations of MECPP (CR: 0.86, 95% CI: 0.75, 0.99, vs. those who did not 

complete high school) and MECPTP (CR: 0.74, 95% CI: 0.63, 0.88, vs. those who did not 

complete high school) (Table 3).

Exposure to environmental smoking at home was not associated with any urinary phthalate 

metabolite concentrations. Ever use of alcohol was nominally associated with 21% decrease 

in MECPTP concentrations (CR: 0.79, 95% CI: 0.64, 0.99, Table 4). Notably, almost all 
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metabolites showed identical patterns where mothers who self-reported as working in the 

home or working in administrative tasks and services during pregnancy had higher urinary 

phthalate metabolite concentrations compared to those who self-reported as students, 

professionals (doctors, lawyers, etc.), or those in customer service.

4. Discussion

Despite evidence that pregnant women and their offspring are sensitive to gestational 

environmental exposure to phthalates19,25,35, Mexico has not yet enacted any regulations to 

restrict phthalates use in any commercial products. In this report, we described phthalate 

biomarkers profiles among pregnant women in Mexico and provided novel exposure data in 

this particularly vulnerable population. We observed that urinary concentrations of most 

metabolites did not increase from 2007 to 2010 within the PROGRESS cohort, except a 

clear increase from 2007 to 2010 for MECPTP, a metabolite of DEHTP, which likely reflects 

the broader rise of DEHTP as a substitute for DEHP. We observed that age, SES, and 

education were associated with select urinary phthalate metabolite concentrations. Also, 

women working in administrative tasks and services and those working in the home had 

higher urinary concentrations of phthalate metabolites compared to other occupational 

groups. Together, our study highlights a clear need to examine current phthalate exposure 

profiles in the Mexican population.

It is well established that because of short biological half-lives and in the episodic nature of 

phthalate exposures, urinary phthalate metabolites should be measured using multiple 

samples to reduce measurement error and increase statistical power in analyses41. In 

addition, there may also be critical windows of exposure or other differences in offspring 

health outcomes that can be explored and identified using multiple samples from different 

gestation periods. For example, previous studies have identified gestation time dependent 

associations between prenatal phthalate exposures and preterm birth42 and developmental 

outcomes in male infants43,44. In our study, we observed weak ICCs (0.18–0.35) between 

second and third trimester samples for each individual metabolite, which is consistent with 

this known variability, albeit slightly weaker compared to previously publications42,45–48. 

Our study also observed that in general, third trimester phthalate metabolite concentrations 

were higher compared to the second trimester, but this relationship is not consistent across 

studies45,49 and it is unclear whether this was driven by greater exposure to phthalate as a 

result of changes in dietary and other factors such as personal product use, or intrinsic 

metabolic differences.

To our knowledge, there has been only one other pregnancy cohort from Mexico, recruited 

from 1997 to 2005, which reported urinary phthalate metabolite concentrations35,50. 

Compared to this cohort, the participants in our study, recruited from 2007 to 2011, had 

higher concentrations for three (MBP, MiBP, MBzP) of nine metabolites measured in both 

cohorts. Demographic differences between cohorts and use of different laboratories 

equipment, reagents, and personnel for urinary phthalate metabolite concentration 

quantification may explain some of these observed differences. However, the methods for 

phthalates metabolite quantification used within each laboratory for analyzing the samples 

were identical and it seems likely that there was an overall increase in DBP, DiBP, and BBzP 
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exposure from 1997–2005 to 2007–2011 for women. This is consistent with our temporal 

analysis where we observed higher concentrations of DiBP and BBzP metabolites in 2008–

2010 compared to 2007. There was also a clear and monotonic increase in urinary MECPTP 

concentration in the PROGRESS cohort from 2007 to 2010. This particular trend is mirrored 

by a recent study that reported a threefold increase in geometric mean of DEHTP 

metabolites in pregnant women in Puerto Rico between 2014 to 201751. This particular trend 

is likely explained by the restriction of DEHP use in certain products starting in the 

mid-2000s by several countries and legislative, which led to increases in DEHP alternatives 

such as DEHTP and DINCH29,32,52. To date, no studies have reported on the potential health 

impact of DEHTP. Thus, moving forward, in addition to phthalates metabolites with 

previously documented health effects, MECPTP and other metabolites of replacement 

compounds (e.g., DINCH) such as MCOCH and MHiNCH should be monitored. Finally, 

our study observed a decline in MEP concentrations from 2008 to 2010, which is consistent 

with the observed trends in the U.S. biomonitoring data31. DEP, most commonly found in 

fragrances and other personal care products, has not been subjected to the same regulatory 

scrutiny as other phthalates. Thus, our data suggest that there has been a change in either the 

formulation of the personal care products or the types of products used by pregnant women 

in Mexico during this time.

We observed that mothers who reported working in the home or working in administrative 

tasks and services had the highest phthalates burden while students and those in professional 

services (engineer, doctor, teachers, etc.) had the lowest. The source for this disparity 

appeared to be unrelated to SES as our analysis showed generally increased phthalates 

burden with increasing SES. Because of the ubiquitous nature of phthalates in the 

environment and commercial products1–5 and the heterogeneity of the occupational 

categories in our study, it is difficult to speculate on the potential sources that may explain 

the disparity in exposures. For example, administrative tasks and services comprise a range 

of potential occupations that differ in their exposures53 and our categorization does not allow 

us to identify the most highly burdened occupations. In addition, we had relatively few 

individuals who self-identified as students (n=45, 5% of the population) or those in 

professional services (n=46, 5% of the population). Thus, additional studies should further 

investigate occupational differences in phthalates exposure and determine potential methods 

for exposure reduction.

Our study has some notable strengths and limitations. We were able to characterize and 

describe 15 metabolites of eight phthalates and two DEHP replacements in a Mexican 

population. We have a relatively large sample size and excellent QC data that demonstrates 

reliability in the urinary biomarkers detection method. Furthermore, we were able to 

examine temporal trends both within the cohort and relative to other Mexican cohorts in the 

past. One major limitation of our study is that our participants were recruited from 2007 to 

2011, and only a few enrolled in 2011 so we could not examine exposure profiles past 2010. 

The relatively short three year period may also have prevented us from identifying more 

subtle trends in phthalate metabolite concentrations. Future biomonitoring studies should 

examine current phthalate exposure trends. Another notable limitation is the lack of detailed 

dietary and personal care product use data during pregnancy, both major sources of 

phthalates exposure. Such information could be helpful in explaining the apparent 

Wu et al. Page 8

Environ Sci Technol. Author manuscript; available in PMC 2021 February 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



differences in metabolite concentrations between the second and third trimesters and be used 

to inform pregnant women and the general Mexican population on how to reduce phthalate 

exposures.

Overall, we observed relatively high burdens of phthalates exposure in this cohort of 

pregnant women from Mexico City. These burdens appear to be correlated with several 

sociodemographic and occupational factors with no indication of decline over time. Future 

efforts are warranted to both continuously monitor the population’s exposure to traditional 

and replacement compounds and to investigate the potential public health impact of such 

exposures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Temporal trends in geometric means (95% confidence intervals) of urinary phthalate 

metabolite concentrations among PROGRESS participants from 2007–2010. A monotonic 

increase was observed for MECPTP, a major metabolite of DEHTP, across all four years. 

MEP was the only metabolite to show decreased urinary concentrations during the observed 

timeframe. Similar trends were observed for both second (N=942) and third trimester 

samples (n=791).
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Figure 2. 
A comparison of urinary phthalate metabolite concentrations between PROGRESS and other 

reports of urinary phthalate concentrations in Mexican adults. Geometric means and 95% 

confidence intervals for urinary phthalate metabolite concentrations are depicted for the 

PROGRESS cohort (pregnant women from Mexico City, recruited 2008–2011, N=941), 

ELEMENT cohort (pregnant women from Mexico City, recruited 1997–2005, N=153)35,50, 

and a group of women from Northern Mexico (controls of a breast cancer case-control study, 

2007–2008, N=221)34.
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