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Abstract

Phthalates exposure has been linked to multiple health risks, and US immigrants may have 

different exposures to phthalates due to lifestyle differences. Urinary concentrations of eight 

phthalate metabolites (mono-ethyl phthalate [MEP], mono-n-butyl phthalate [MnBP], mono-

isobutyl phthalate [MiBP], mono-(3-carboxypropyl) phthalate [MCPP], mono-benzyl phthalate 

[MBzP], mono-2-ethylhexyl phthalate [MEHP], mono-(2-ethyl-5-hydroxyhexyl) phthalate 

[MEHHP], mono-(2-ethyl-5-oxohexyl) phthalate [MEOHP]) were measured in 10318 US-born 

and 3511 foreign-born individuals from NHANES 1999-2014. Using multivariate adjusted linear 

regression, we assessed whether phthalate metabolite levels differed by nativity in the whole 

population, within racial/ethnic groups, and by years in the US. We also tested whether immigrant 

demographics predicted phthalate metabolite levels. In fully adjusted models, MEP, MnBP, and 

MiBP were significantly higher, and MBzP significantly lower, among immigrants than US-born 

participants. Among immigrants, MnBP and MiBP significantly declined with longer time in the 

US (Ptrend = 0.029 and Ptrend =0.039, respectively), while MCPP and MBzP significantly rose 

(Ptrend = 0.019 and Ptrend =0.043, respectively). Results within each racial/ethnic group were 

consistent with the whole population. Among immigrants, women had significantly higher 

metabolite levels than men (all p<0.01), and MEP, MnBP, and MCPP differed by race/ethnicity. 
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Due to higher phthalate exposures, immigrants may be especially vulnerable to phthalate-

associated health problems.
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Introduction

Immigrants are a sizable and growing fraction of the United States’ (US) population. 

According to the US Census Bureau, in 2015 more than 42 million immigrants were living 

in the US. By 2060, the immigrant population is projected to grow to close to 80 million 

people, comprising nearly 20% of the US population. (1) There are many reasons why the 

health of foreign-born populations may differ in important ways from the health of the US-

born population. Immigrants are less likely to have health insurance, more likely to be 

employed, and more likely to live in poverty than the US-born population, though there is 

substantial heterogeneity within the immigrant population by region of birth. (2–6) Health 

may also be influenced by exposures to environmental pollutants that vary by immigration 

status. For example, immigrant populations have been shown to have higher exposure to 

persistent organic pollutants like polychlorinated biphenyls and organochlorine pesticides, 

and heavy metals like mercury, arsenic, lead, and cadmium, with implications for adverse 

health outcomes. (7–10)

While persistent chemicals and metals have been evaluated, less is known about immigrant 

exposures to non-persistent chemicals. Non-persistent chemicals, including phthalates and 

phenols, have been associated with a number of adverse health outcomes, (11–14) including 

some conditions (e.g., allergic disease, preterm birth) that vary by immigrant status. (15–17) 

Therefore, understanding sources of these chemicals, their health effects, and potential 

vulnerability among immigrant populations are important public health goals.

Phthalates are industrial chemicals widely used in consumer and household products. (18) 

Low molecular weight phthalates are frequently found in personal care products such as 

cosmetics and fragrances, while high molecular weight phthalates are used in polyvinyl 

chloride (PVC) products, floor and wall coverings, and in food packaging. (19) Phthalates 

migrate from these products into the environment and into humans; (20, 21) because 

phthalates are so widely used, most of the US population is continuously exposed to 

multiple phthalates. (22) In humans, phthalates are quickly metabolized, and the metabolites 

rather than the parent compounds are used as biomarkers of exposure. Phthalate metabolites 

have half-lives in humans under 24 hours, and therefore represent short-term, recent 

exposure to phthalates. (23, 24) Details of common phthalate exposure sources and 

metabolism have been reviewed elsewhere. (12, 18–22) In some human and animal studies, 

certain phthalates and urinary phthalate metabolites have been associated with health risks 

including allergic sensitization, reproductive toxicity, impaired neurodevelopment and 

preterm delivery. (11–14) Identifying highly exposed subgroups of the population is 

important for reducing environmental health disparities.

Mitro et al. Page 2

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2018 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Phthalate exposure in the US population has been shown to vary by a number of 

demographic factors, including sex, race/ethnicity, and socioeconomic status. Women have 

higher levels of exposure than men, and non-white populations have higher levels of 

exposure than whites to some phthalates. (25, 26) Additionally, variables reflecting low 

socioeconomic status, including lower educational attainment, poverty status, and greater 

food insecurity, have been associated with higher phthalate concentrations. (27, 28) 

Although the reasons underlying these demographic differences in phthalate metabolite 

levels are not entirely known, these higher levels of exposure may contribute to poorer 

health in vulnerable populations that are also subjected to many other social and biological 

stressors. (29)

Immigrants may have different exposure to phthalates than individuals born in the US for a 

variety of reasons. For example, immigrants may use different personal care products (30), 

work in different occupational environments (4, 31, 32), or have differing dietary patterns 

(33), among other possible differences, compared to US-born individuals. Several studies 

support the idea of different phthalate exposure patterns among immigrants. For example, a 

small study of Hmong women that included immigrants (n=45 women) noted that Hmong 

women had much lower mono-ethyl phthalate (MEP), and much higher mono-isobutyl 

phthalate (MiBP) and mono-benzyl phthalate (MBzP) than background exposure levels in 

the US. (34) Similarly, a study of phthalate exposures in the CHAMACOS cohort of 

pregnant Mexican-Americans reported that women born in the US and women who had 

lived in the US for a longer time had higher MBzP levels than recent Mexican immigrants. 

(35) However, to our knowledge, our study is the first to describe phthalate exposures among 

an ethnically diverse, nationally representative sample of the immigrant population in the 

US.

In this study, we report levels of eight phthalate metabolites (MEP, mono-n-butyl phthalate 

[MnBP], MiBP, mono-(3-carboxypropyl) phthalate [MCPP], MBzP, mono-2-ethylhexyl 

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

oxohexyl) phthalate [MEOHP]) in 13829 individuals surveyed by the National Health and 

Nutrition Examination Survey (NHANES) 1999-2014. We hypothesize that foreign-born 

participants will be exposed to different levels of phthalates than US-born participants. We 

also expect that the nativity-related differences in phthalate exposure will be more 

pronounced among those who have been in the US for a shorter period of time.

Methods

Study Population

We used data from 8 two-year survey sampling cycles of the National Health and Nutrition 

Examination Survey (NHANES years 1999-2014), a nationally representative survey of the 

non-institutionalized US population conducted by Centers for Disease Control and 

Prevention (CDC)’s National Center for Health Statistics. Survey protocols were approved 

by the National Center for Health Statistics Research Ethics Review Board and informed 

consent was obtained from all participants. NHANES uses a complex multi-stage probability 

sampling strategy and over-samples low-income individuals, adults over age 60, and 

members of some minority racial/ethnic groups to increase the precision of estimates for 
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these subpopulations. About 10000 individuals are sampled each cycle, and about one-third 

of these are selected to contribute urinary phthalate metabolite data. In this study, we 

included all adults over age 20 years who contributed urinary phthalate metabolite data 

(n=13842). Individuals missing data on immigrant status (n=13) were excluded, and 

analyses were run on the remaining 13829 individuals.

NHANES conducts interviews in English and Spanish and attempts to hire local interpreters 

for other languages spoken by participants when needed. (36) Interview language 

information was collected beginning in 2003. In our sample, approximately 6% of 

participants completed the interview in Spanish, and another 1.5% used an interpreter.

Urinary Phthalate Metabolite Measurements

Urine samples were collected by NHANES technicians in the mobile examination unit 

during the participant’s visit. Samples were frozen at −20°C (1999–2010) or −40°C (2011–

2014) until analysis. Sample processing and analyte quantification is described in detail in 

the Centers for Disease Control documentation. (37) Briefly, samples were processed by 

CDC technicians using enzymatic deconjugation of the glucuronidated analytes followed by 

solid-phase extraction. In all cycles, a labeled internal standard was incorporated for each 

analyte to monitor precision. From 1999 to 2002 phthalate metabolites were quantitatively 

detected using APCI-tandem mass spectrometry (MS/MS). (38) From 2003-2014 phthalate 

metabolites were quantitatively detected using high performance liquid chromatography-

electrospray ionization-tandem mass spectrometry. (39)

We chose five urinary phthalate metabolites (MEP, MnBP, MiBP, MCPP, MBzP) that were 

measured in at least 7 cycles and detected in at least 75% of samples across all cycles. We 

also included three metabolites of di-(2-ethylhexyl)phthalate (DEHP). DEHP metabolites 

represent a single pathway, in which MEHP is the first monoester metabolite that is oxidized 

to form secondary metabolites MEHHP and MEOHP. (23) MEP, MnBP, MBzP, and MEHP 

were measured in all study years, while MiBP, MCPP, MEHHP, and MEOHP were 

measured beginning in 2001. We used MEHP, MEHHP, and MEOHP to calculate a molar 

sum of DEHP (ΣDEHP), dividing each metabolite by its molecular weight, using the 

following equation: ∑DEHP = MEHP
278.34 + MEHHP

294.34 + MEOHP
292.33 . Metabolite measurements 

below the metabolite-and cycle-specific limit of detection (LOD) were replaced with 

LOD/ 2.

Nativity Ascertainment

Nativity was ascertained with the question, “In what country were you born?”. Individuals 

answering that they were born in the 50 US states or Washington, DC were recorded as US-

born. Those answering that they were born in another country or US territory were recorded 

as foreign-born. Those who declined to answer or did not know where they were born were 

recorded as missing (n=13). Foreign-born individuals were also asked how many years they 

had been living in the US.
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Statistical Analysis

All phthalate metabolite levels were natural log-transformed to account for non-normality 

(right skewed distributions). All analytical models were adjusted for urinary creatinine, age 

(continuous), age squared, sex, education (Less than high school, High school graduate or 

equivalent, Some college or associate’s degree, College graduate or above), race/ethnicity 

(Non-Hispanic White, Non-Hispanic Black, Mexican American, Other Hispanic, Other), 

income to poverty ratio (IPR; 0-0.99, 1-1.99, 2-3.99, 4-4.99, ≥5), and survey year. IPR was 

calculated by NHANES as a ratio of family income to poverty based on the poverty 

guidelines used by the Department of Health and Human Services. Covariates were chosen a 
priori as likely confounders based on previous literature. (26–28) We did not adjust for body 

mass index (BMI) because the direction of the relationship between phthalate exposure and 

body mass is unclear in cross sectional data. Additionally, including BMI in statistical 

models produced nearly identical results but reduced the sample size due to some individuals 

missing BMI. Models predicting metabolites of dibutyl phthalate (MCPP and MnBP) were 

additionally adjusted for current smoking status because dibutyl phthalate is used in cigarette 

filters. (40)

We first assessed whether phthalate metabolite levels differed by nativity (US-born or 

foreign-born) in the whole population. We further assessed whether length of time in the US 

predicted phthalate metabolite levels within the immigrant population. We calculated least 

squares geometric mean (LSGM) phthalate metabolite levels for immigrants who had lived 

0-4 years, 5-9 years, 10-19 years, 20-29 years, and ≥30 years in the US. Least square 

geometric means are predicted geometric mean values of the dependent variable from fully 

adjusted regression models. The 5-category ordinal years in US variable was also entered as 

a continuous variable in the multivariate model to test for a linear trend.

To separate participant age from length of time in the US, we also divided the study 

population by age (<40 years [young] and ≥40 years [older]) and nativity status (US born, 

<10 years in US (recent immigrant), and ≥10 years in US (long-term immigrant) to create a 

6-category variable combining age and nativity: Young US-born, Older US-born, Young 

recent immigrant, Older recent immigrant, Young long-term immigrant, and Older long-term 

immigrant. For every phthalate metabolite, we estimated percent difference in urinary 

phthalate metabolite concentrations by comparing each Young immigrant group to the 

Young US-born referent, and each Older immigrant group to the Older US-born referent. 

Percent difference was calculated as (eβ-1) * 100%.

Finally, we tested whether demographic characteristics within the immigrant population 

predicted levels of each phthalate metabolite. We estimated percent difference in urinary 

phthalate metabolite concentrations for age, sex, education, and higher quintiles of IPR 

compared to the lowest quintile. We also calculated LSGM values by race/ethnicity, using 

only data from 2011-2014 to allow division into 6 groups and to present current LSGM 

estimates of metabolite levels (Non-Hispanic Asians were measured as a separate group 

beginning in 2011). We compared phthalate metabolite levels in foreign-born to US-born 

individuals within each racial/ethnic group. IPR was modeled as a 2-category variable 

(above vs below 1) to accommodate the smaller sample size used in this analysis.

Mitro et al. Page 5

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2018 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Because phthalate metabolite levels in the US population have changed over time (19), as a 

sensitivity analysis, we evaluated the demographic profile of the immigrant and US-born 

populations in four 4-year sub-populations (1999–2002, 2003–2006, 2007–2010, 2011–

2014) to assess whether the demographic profile of the population had substantially changed 

over the study period. We also repeated the main analyses using data from the most recent 4-

year sub-population (2011-2014) only, to ensure that differences by nativity were robust to 

shifts in phthalate metabolite levels over time. Because the racial/ethnic makeup of US-born 

and foreign-born populations was quite different, we also repeated the main analyses 

limiting the study population to Mexican American participants only (the group with the 

largest immigrant sample size) to eliminate potential confounding of the effect of nativity by 

race/ethnicity.

All analyses used NHANES multistage sub-sample weights to ensure that the sample was 

representative of the US adult population over age 20 years. Because some phthalate 

metabolites were measured in 7 sampling cycles (14 years), while others were measured in 8 

cycles (16 years), we calculated 8-cycle and 7-cycle sample weights for each participant 

according to National Center for Health Statistics guidelines (41) and used each when 

appropriate. All analyses were conducted using SAS 9.4 (Cary, NC).

Code availability

The code used to generate the findings of this paper is available in its entirety in the 

Supplementary Information.

Results

Immigrant demographics

Compared to those born in the US, foreign-born individuals were younger, more likely to 

have less than a high school education, less likely to be current smokers, and more likely to 

have a lower IPR (all p<0.0001). The racial/ethnic makeup of the foreign-born population 

also differed substantially from the US-born population. Foreign-born individuals were 

much less likely to be non-Hispanic White or non-Hispanic Black, and much more likely to 

report their race/ethnicity as Mexican American, Other Hispanic, or Other. In fact, 73.2% of 

foreign-born individuals reported membership in these latter 3 groups versus 8.4% of US-

born individuals (p<0.0001; Table 1).

Over the study period, the proportion of foreign-born individuals in the NHANES 

population grew from about 15% to over 18%, and also became somewhat older, less likely 

to currently smoke, and more likely to have lived in the US longer than 10 years during the 

study period (see Table S1). Compared to those who lived in the US longer than 10 years, 

foreign-born individuals who lived in the US less than 10 years were much more likely to be 

under the age of 40, and more likely to be below the poverty line (IPR < 1) (see Table S2).

Phthalate metabolites by nativity

The frequency of detection and concentration distribution of measured phthalate metabolites 

stratified by nativity are shown in Table 2. With the exception of MEHP, all phthalate 
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metabolites were detected in over 93% of samples in both the US- and foreign-born 

populations. In fully adjusted models, levels of MEP, MnBP, and MiBP were significantly 

higher, and levels of MBzP were significantly lower, among immigrants compared to those 

born in the US (Figure 1). Levels of MnBP and MiBP significantly declined with longer 

time in the US (Ptrend = 0.029 and Ptrend =0.039, respectively), while levels of MCPP and 

MBzP significantly rose with length of time in the US (Ptrend = 0.019 and Ptrend =0.043, 

respectively). The time trend for MEP did not achieve statistical significance (p=0.60). No 

differences by nativity were found for ΣDEHP metabolites (Figure 1).

In Table 3, we show percent differences in phthalate metabolite levels comparing immigrant 

and US-born populations by participant length of time in the US and age. Among young 

individuals, MEP levels were 38.2% (95% CI: 15.1, 66.0) higher in recent immigrants and 

28.5% (95% CI: 10.4, 49.6) higher in long-term immigrants compared to those born in the 

US (both p<0.0001). Among older individuals, MEP was 19.1% (95% CI: −6.2, 51.1) higher 

in recent immigrants and 15.0% (95% CI: 0.5, 31.6, p<0.05) higher in long-term immigrants 

than in those born in the US. MiBP levels were 21.9% (95% CI: 6.6, 39.5) higher in young 

recent immigrants and 15.5% (95% CI: 3.7, 28.7) higher in young long-term immigrants 

than in young US-born individuals. In older individuals, MiBP levels were 41.4% (95% CI: 

20.2, 66.4) higher in recent immigrants and 24.9% (95% CI: 14.0, 36.8) higher in long-term 

immigrants compared to US-born individuals (all p<0.0001). MBzP levels were 29.3% (95% 

CI: 19.0, 38.3) lower in young recent immigrants and 21.7% (95% CI: 10.9, 31.2) lower in 

young long-term immigrants than in young US-born individuals. In older individuals, MBzP 

levels were 36.3% (95% CI: 22.8, 47.5) lower in recent immigrants and 16.2% (95% CI: 7.7, 

23.9) lower in long-term immigrants compared to US-born individuals (all p<0.0001; Table 

3).

In models stratified by race/ethnicity, MEP levels were significantly higher in foreign-born 

Mexican American, Other Hispanic, Non-Hispanic White, and Other participants compared 

to members of those groups born in the US (Table 4). MnBP and MiBP levels were 

significantly higher among foreign-born Mexican Americans and non-Hispanic Asians than 

US-born members of these groups; MiBP levels were also significantly higher among non-

Hispanic blacks. Finally, MBzP levels were lower among foreign-born Other Hispanics, 

non-Hispanic blacks and Other races than among US-born members of these groups. In 

general, non-Hispanic blacks, both US-born and foreign-born, had higher phthalate 

metabolite levels than other racial/ethnic groups, particularly for MEP and MiBP. In 

contrast, non-Hispanic Asians had much lower levels of MEP, MnBP, and MBzP compared 

to the other racial/ethnic groups. Overall, levels of MEP, MnBP, MBzP, and ΣDEHP 

metabolites were lower in the analysis limited to 2011-2014 than in the analysis spanning 

1999-2014 (Table 4 and Figure 1, respectively).

Phthalate metabolites by immigrant demographics

Demographic characteristics within the immigrant population predicted some variation in 

phthalate metabolite levels. Among foreign-born participants, women had significantly 

higher phthalate metabolite levels than men (all p<0.01). The magnitude of the sex 

difference varied by metabolite, with the largest difference seen in MnBP (52.0% higher 
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levels in women than in men). Levels of MEP, MnBP, and MCPP differed by immigrant 

race/ethnicity. Compared to non-Hispanic White participants, non-Hispanic Black, Mexican 

American, and Other Hispanic participants had significantly higher MEP levels while Other 

participants had significantly lower MEP levels. Compared to non-Hispanic White 

participants, MCPP levels were similar in Mexican American and Other Hispanic 

participants and much lower in non-Hispanic Black (p<0.05) and Other participants 

(p<0.01), and MnBP levels were significantly higher in Other Hispanic participants 

(p<0.01). College-educated participants had lower levels of MBzP than those with less than 

a high school education (p<0.01), and participants in the highest quintile of IPR (wealthiest) 

had significantly lower MEP levels than those in the lowest quintile (poorest) (p<0.01, see 

Table S3).

Sensitivity analysis

In the models restricted to Mexican American participants, the pattern of results was similar 

to the pattern seen in the whole study population. Results for most phthalate metabolites 

remained in the same direction, though some estimates were attenuated or had wider 

confidence intervals due to the smaller sample size (see Table S4). In the 2011-2014 

sensitivity analysis, MBzP levels no longer differed significantly by nativity status, though 

this may have been due to the smaller sample size. Also, ΣDEHP metabolite levels were 

significantly (20-24%) higher in older foreign-born individuals compared to older US-born 

individuals (see Table S5).

Discussion

In this cross-sectional study of the US population, we report associations between nativity 

and phthalates exposure levels that were robust to adjustment for demographic differences 

between US- and foreign-born populations. Specifically, we found that immigrants had 23% 

higher levels of MEP, 23% higher levels of MiBP, 10% higher levels of MnBP, and 28% 

lower levels of MBzP when compared to individuals born in the US. Among foreign-born 

individuals, longer time living in the US reduced the difference between foreign-born and 

US-born levels of MnBP, MiBP, MCPP, and MBzP. To our knowledge, this is the first study 

to examine phthalate exposures in the US immigrant community.

We reported significantly higher MEP among immigrants than US-born individuals. MEP’s 

parent phthalate is commonly found in fragranced products such as soap, lotion, hair spray, 

and air fresheners, so these differences are likely due to different patterns of personal care 

product use. (20, 42, 43) Racial/ethnic differences in hair care, skin care, and feminine care 

product usage have been documented in the US population. (44–47) Due to cultural 

preferences, beauty norms, or different consumer options linked to lower socioeconomic 

status, immigrants may use different products or different amounts of product than US-born 

individuals. (30, 48–51) Alternatively, recent immigrants may prefer to use products from 

their country of origin, which may contain different concentrations of phthalates. (52, 53) 

Unfortunately, personal care product use is not well measured in NHANES, so we were not 

able to evaluate these possible differences.
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We found significantly lower levels of MBzP among immigrants than among US-born 

individuals. Previous work has associated MBzP levels with housing characteristics such as 

vinyl or linoleum flooring. (54) However, a connection between these housing 

characteristics and nativity is not clear. It is possible that other sources of exposure to butyl 

benzyl phthalate (BBzP; MBzP’s parent phthalate) such as having other plastic or synthetic 

leather items in the home (55) may contribute more to higher US-born individual exposures.

In addition to personal care product and housing variables, differences in dietary pattern may 

be a driver of the observed differences in phthalate metabolite levels. Higher MEP has been 

associated with higher consumption of vegetables (56), while MiBP may be found in fish. 

(20, 43, 57) Interestingly, however, no differences by nativity status were found in ΣDEHP 

metabolite levels. Because DEHP is used in food processing and packaging, has been 

detected in meats and fats (56,58) and has been temporally associated with eating meals 

(59), we anticipated that if there were dietary differences, these would be reflected in 

ΣDEHP exposures. Since no differences in ΣDEHP exposure were seen in the main 

analyses, we cannot be sure that dietary differences are truly driving differences in phthalate 

metabolite levels.

Our results partially align with those reported in two other recent studies. Using data from 

pregnant Canadian women, the MIREC study investigators reported significantly higher 

MEP and DEHP metabolites, and significantly lower MBzP, among foreign-born 

participants compared to Canadian-born participants. (60) This Canadian study provides 

evidence that the pattern of results reported here may be generalizable to immigrants in other 

Western countries. Significantly lower MBzP in foreign-born participants was also reported 

among pregnant, low-income Mexican-Americans in the CHAMACOS study. (35) These 

findings together suggest that the exposure source of higher MBzP levels may be linked to 

some specific aspects of US or Canadian culture.

There was a linear trend between duration of residence in the US and levels of MnBP, MiBP, 

MCPP, and MBzP, such that immigrants who had lived longer in the US had levels that were 

more similar to US-born individuals’ levels. Phthalate metabolites have a very short half-

life. (23, 24) Therefore, measured phthalate metabolites reflect at most the previous few 

days of exposures. For this reason, we suspect that measured changes in phthalate metabolite 

levels associated with longer time living in the US reflect changes in everyday lifestyle, 

behaviors, and environmental exposures among immigrants. Since immigrants’ exposures 

become more similar to the exposures of those born in the US, the process underlying 

exposure changes may be related to acculturation rather than changes in underlying biology. 

(61, 62) This shift aligns with the well documented ‘negative acculturation hypothesis,’ 

which predicts that health benefits observed in immigrants compared to non-immigrants are 

attenuated with increased time in the US. (63, 64) Changes in non-persistent chemical 

exposures may be one mechanism driving the shift in health outcomes associated with 

nativity and duration of residence in the US.

The observed association between nativity and phthalate exposure was not entirely driven by 

differences in the ethnic makeup of US-born and foreign-born populations, and the 

association was not specific to only a few groups. Indeed, within each ethnic group, the 
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pattern of phthalate exposure differences by nativity was consistent with the results in the 

whole population. That is, the racial/ethnic groups whose US-born members were highly 

exposed to some phthalate metabolites were typically also the groups with highly exposed 

foreign-born members. This suggests that exposure factors correlated with race/ethnicity 

may be further amplified among immigrant members of these groups. For the first time, we 

also report lower urinary phthalate metabolite LSGM levels in a population of US-born and 

foreign-born non-Hispanic Asians compared to other racial/ethnic groups. Though the non-

Hispanic Asian population sampled by NHANES is small and represents a heterogeneous 

group, this finding deserves further examination to identify reasons for these differences.

We found some demographic factors that have been linked to high phthalates exposure in the 

whole US population also predicted higher exposures in foreign-born individuals living in 

the US. Specifically, within foreign-born individuals, female sex predicted higher levels of 

all phthalate metabolites, non-white race predicted higher MEP and lower MCPP levels, and 

factors associated with higher socioeconomic status (education and IPR) were associated 

with lower MBzP and lower MEP, respectively. These results are consistent with previous 

studies using the whole NHANES population, which associated higher MEP, MnBP, and 

MBzP with female sex, and higher MEP with non-white race. (25, 26) Other studies have 

also linked higher MBzP and MnBP (or their parent compounds, butyl benzyl phthalate and 

di-n-butyl phthalate) with lower levels of income and education. (28, 60)

Previous work has indicated that phthalate exposure is associated with cardiovascular, 

reproductive, allergic, and neurodevelopmental health effects (11–15), and no safe level of 

exposure has been identified. Additionally, individuals are likely co-exposed to multiple 

phthalates and other endocrine disrupting chemicals, and this mixture of exposures may 

produce greater than expected toxicity. (21) Therefore, identifying highly exposed groups 

and preventing these exposures is an environmental health priority.

Our analysis was subject to several important limitations. First, although we utilized precise 

data on time living in the US, NHANES does not collect other variables that would be useful 

to evaluate acculturation, such as the country where participants attended school, social ties 

with Americans, cultural identity as an American, American media consumption, and 

generational status among those born in the US (e.g., identifying participants whose parents 

were born outside the US). (65–67) We would expect more acculturated immigrants to have 

phthalate exposures similar to US-born individuals. Similarly, NHANES does not collect 

detailed information on housing, which prevented us from being able to explore 

contributions from this possible exposure source. Second, we chose to treat socioeconomic 

factors (IPR and education) as confounders and adjust for them appropriately in analyses, 

but socioeconomic factors may also act as mediators between immigration status and 

phthalate exposures. We were not able to evaluate mediation due to the cross-sectional study 

design. Third, because NHANES provides crude data on country of origin and race/

ethnicity, we were not able to pinpoint highly exposed subpopulations within the immigrant 

community. For example, better detail on the countries of origin and exposures experienced 

by groups within the broad racial/ethnic categories reported by NHANES would permit us to 

evaluate culturally specific factors leading to exposure. Finally, because immigrant 
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participants composed a relatively small percentage of the NHANES sample, analyses 

restricted to 2011-2014 or to specific racial/ethnic groups had limited power.

This study also had many strengths. We were able to test our hypotheses using 16 years of 

continuously collected cross-sectional data from a large, nationally representative dataset. 

Nativity status and duration of time in the US was recorded for nearly all participants, and 

interviews were conducted in multiple languages, reducing concerns of selection bias. We 

were able to adjust for the effects of major demographic factors, including age, IPR, 

education, and race/ethnicity. Additionally, most phthalate metabolites of interest were very 

highly detected. Finally, sensitivity analyses in Mexican Americans and 2011-2014 largely 

affirmed our major findings.

Conclusions

We showed that foreign-born participants across all racial/ethnic groups are exposed to 

different levels of phthalate metabolites than US-born participants, and that nativity-related 

differences in phthalate exposure were more pronounced among those who had been in the 

US for a shorter amount of time. Our finding that immigrants are exposed to significantly 

higher levels of MEP, MiBP, and MnBP suggest that immigrants may be especially 

vulnerable to adverse health outcomes associated with higher concentrations of these 

phthalate parent compounds (i.e. diethyl phthalate, diisobutyl phthalate, di-n-butyl 

phthalate). Future research should establish modifiable exposure sources and reduction 

strategies specific to this vulnerable population.
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Figure 1. 
LSGM values and 95% confidence intervals of each phthalate metabolite (ng/mL) by 

nativity and length of time in the US. Levels of MEP, MnBP and MiBP were significantly 

higher in foreign-born individuals (p<0.0001, p=0.0067, p<0.0001, respectively). Levels of 

MBzP were significantly higher in US-born individuals (p<0.0001). MnBP and MiBP levels 

among immigrants significantly declined with longer time in the US (Ptrend = 0.029 and 

Ptrend =0.039, respectively). MCPP and MBzP levels among immigrants significantly 

increased with longer time in the US (Ptrend = 0.019 and Ptrend =0.043, respectively). All 

models were adjusted for creatinine, age (continuous), age2, sex, race, survey year, education 
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(4 categories), and IPR (5 categories). MnBP and MCPP models additionally adjusted for 

current smoking.
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Table 1

Demographic characteristics of the study population.

Characteristic US-born n (%) Foreign-born n (%) P

Age (years) <0.0001

 20-29 1887 (18.7%) 626 (19.8%)

 30-39 1681 (17.9%) 701 (24.9%)

 40-49 1636 (20.1%) 696 (22.6%)

 50-59 1471 (18.0%) 522 (15.8%)

 60-69 1608 (12.5%) 526 (8.3%)

 70-79 1204 (8.3%) 292 (6.0%)

 ≥ 80 831 (4.6%) 148 (2.6%)

Sex 0.0011

 Male 4912 (47.4%) 1772 (51.1%)

 Female 5406 (52.6%) 1739 (48.9%)

Race/Ethnicity <0.0001

 Non-Hispanic White 6120 (79.3%) 346 (20.3%)

 Non-Hispanic Black 2621 (12.2%) 279 (6.5%)

 Mexican American 973 (3.6%) 1475 (29.1%)

 Other Hispanic 292 (2.2%) 714 (21.9%)

 Other1 312 (2.6%) 697 (22.2%)

Education <0.0001

 < High School 2321 (15.4%) 1629 (36.3%)

 High School 2637 (25.3%) 582 (18.0%)

 Some College 3139 (32.2%) 626 (21.1%)

 ≥ College 2205 (27.1%) 666 (24.6%)

Smoking <0.0001

 Current 2495 (24.1%) 497 (15.8%)

 Past 2693 (25.0%) 707 (19.5%)

 Never 5125 (50.9%) 2300 (64.7%)

Income/Poverty Ratio <0.0001

 0-0.99 1738 (12.8%) 914 (24.4%)

 1-1.99 2346 (19.3%) 948 (26.9%)

 2-2.99 1463 (15.2%) 439 (15.6%)

 3-4.99 2078 (25.9%) 434 (18.2%)

 ≥ 5 1928 (26.8%) 353 (15.0%)

Time in US (years) –

 0-4 – 460 (15.2%)

 5-9 – 502 (15.7%)

 10-19 – 832 (26.4%)

 20-29 – 684 (20.1%)

 ≥ 30 – 893 (22.6%)

1
Other includes Non-Hispanic Asians, who were not reported by NHANES as a separate racial/ethnic group until 2011.
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Table 3

Percent difference in urinary phthalate metabolite levels by age group, nativity, and length of time in the 

United States.

<40 years old ≥40 years old

n % Difference (95% CI) n % Difference (95% CI)

MEP

 US-born 3268 Ref11 5945 Ref22

 Recent immigrant (<10 yr) 575 38.2 (15.1, 66.0)** 264 19.1 (−6.2, 51.1)

 Long-term immigrant (≥10 yr) 546 28.5 (10.4, 49.6)** 1556 15.0 (0.5, 31.6)*

MnBP

 US-born 3267 Ref1 5947 Ref2

 Recent immigrant (<10 yr) 572 10.6 (−2.1, 24.9) 263 11.6 (−4.4, 30.2)

 Long-term immigrant (≥10 yr) 545 3.3 (−5.8, 13.3) 1554 11.8 (1.4, 23.2)*

MiBP

 US-born 2927 Ref1 5374 Ref2

 Recent immigrant (<10 yr) 500 21.9 (6.6, 39.5)** 236 41.4 (20.2, 66.4)**

 Long-term immigrant (≥10 yr) 487 15.5 (3.7, 28.7)** 1372 24.9 (14.0, 36.8)**

MCPP

 US-born 2926 Ref1 5372 Ref2

 Recent immigrant (<10 yr) 499 −15.0 (−23.6, −5.4)** 235 −14.8 (−28.5, 1.4)

 Long-term immigrant (≥10 yr) 486 −4.9 (−18.0, 10.3) 1370 −2.7 (−12.6, 8.2)

MBzP

 US-born 3268 Ref1 5949 Ref2

 Recent immigrant (<10 yr) 575 −29.3 (−38.3, −19.0)** 264 −36.3 (−47.5, −22.8)**

 Long-term immigrant (≥10 yr) 546 −21.7 (−31.2, −10.9)** 1556 −16.2 (−23.9, −7.7)**

ΣDEHP

 US-born 2927 Ref1 5374 Ref2

 Recent immigrant (<10 yr) 500 −7.5 (−23.0, 11.2) 236 4.3 (−17.3, 31.6)

 Long-term immigrant (1≥10 yr) 487 −7.7 (−18.1, 4.1) 1372 8.1 (−3.0, 20.4)

*
P < 0.05;

**
P< 0.01;

1
Ref1: US-born individuals under age 40;

2
Ref2: US-born individuals aged 40 and older.
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