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Background: The study regarding phthalate metabolites and mortality among
diabetes mellitus (DM) is limited. We aimed to examine the association of urinary
phthalate metabolites with all-cause and cardiovascular disease (CVD) mortality
among adults with DM.

Methods: This study included 8,931 adults from the National Health and Nutrition
Examination Survey (NHANES) from 2005-2006 to 2013-2014. Mortality data
were linked to National Death Index public access files through December 31,
2015. Cox proportional hazard models were used to estimate hazard ratios (HR)
and 95% confidences (Cls) for mortality.

Results: We identified 1,603 adults with DM [mean+SE age, 47.08+0.30years;
50.5% (833) were men]. Mono-(carboxynonyl) phthalate (MCNP), mono-2-ethyl-
5-carboxypentyl phthalate (MECPP), and the sum of Di (2-ethylhexyl) phthalate
(DEHP) metabolites (> DEHP) were positively associated with DM (MCNP: OR=1.53,
95%Cl=1.16-2.01; MECPP: OR=1.17, 95% CI=1.03-1.32; Y DEHP: OR=1.14, 95%
Cl=1.00-1.29). Among DM patients, mono-(3-carboxypropyl) phthalate (MCPP)
was associated with a 34% (HR 1.34, 95% Cl 1.12-1.61) increased risk of all-cause
mortality while the HRs (95%Cl) of CVD mortality were 2.02 (1.13-3.64) for MCPP,
2.17 (1.26-3.75) for mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), 2.47
(1.43-4.28) for mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), 2.65 (1.51-4.63)
for MECPP, and 2.56 (1.46-4.46) for > DEHP, respectively.

Conclusion: This study is an academic exploration of the association between
urinary phthalate metabolites and mortality among adults with DM, suggesting
that exposure to phthalates might be associated with an increased risk of all-
cause and CVD mortality in DM. These findings suggest that patients with DM
should carefully use plastics products.
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1. Introduction

Type 2 diabetes is one of the most common chronic diseases.
The International Diabetes Federation (IDF) estimated that there
were almost 537 million people with diabetes worldwide in 2021,
and it was predicted to increase to 783 million by 2045 (1), which
leads to a wide spectrum of healthcare expenditures and disease
burdens. Simultaneously, multiple studies indicated diabetes
mellitus (DM) was significantly associated with increased mortality
(2, 3). The reason for excess mortality of DM could be caused by an
increased risk of cardiovascular disease (CVD) (4, 5), and
cardiovascular death is an important component of the excess
mortality of DM patients. Pathological studies show that
hyperglycemia and insulin resistance lead to vascular inflammation,
vasoconstriction, thrombosis, and further atherogenesis by
increasing oxidative stress, disrupting protein kinase C signaling,
and other pathways (6). The prevention of cardiovascular death
becomes especially vital for DM patients. However, except for the
reason cardiovascular death is caused by basic pathological changes
including hyperglycemia and insulin resistance in DM patients,
other environmental factors also contribute to the cardiovascular
death of DM patients.

Phthalates (also named phthalate acid esters) are a class of
chemicals, as plasticizers or solvents widely, used in various
consumer products such as food packaging, medical devices,
toiletries, cosmetics, nail polish, and flooring (7, 8). With the
increasing use of plastic, human is widely exposed to environmental
phthalates through food, water, air and everywhere (9, 10).
Phthalates play adverse roles in the human body through different
mechanisms including nuclear hormone receptors (estrogen
receptors, androgen receptors), membrane and nonsteroid receptors
(11). The major studies showed phthalates as Endocrine Disrupting
Chemicals (EDCs) significantly increased the risk of type 2 diabetes
and cardiovascular disease (9, 10, 12). Sturgeon et al. indicated that
no association between cardiovascular disease mortality and
individual urinary phthalate metabolites was observed in the
general population. However, whether phthalates would increase
the risk for all-cause and cardiovascular mortality in DM patients
via modification of potential shared biological pathways
remains uncertain.

Evidence for the potential effects of phthalates in DM patients
is still limited. It is worth noting that phthalates are primarily
excreted in the urine and blood-based laboratory assays exist the
(13), therefore the
concentrations of phthalate metabolites provide an excellent

potential for contamination urinary
biomarker of exposure (9). Updated data were used from the US
National Health and Nutrition Examination Survey (NHANES)
2005-2014, we explored the relationships between all-cause and
cardiovascular mortality with phthalates in DM patients by
assessing the differences in the urinary concentrations of

phthalate metabolites.
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2. Materials and methods
2.1. Study population and design

This study was performed by using NHANES datasets, which were
designed to assess the health and nutritional status of adults and
children in the United States with a multistage, stratified, probability
sampling method (14). From 1999, NHANES became a continuous
program with 2years per cycle including interviewers, physical
examinations and laboratory detecting, and almost 10 thousand
representative persons participated in every cycle. Urinary phthalates
metabolites were measured in a one-third subsample of individuals
6years and older. We used five of the cycles from 2005-2006 to 2013-
2014 and 16,514 participants underwent urinary phthalates testing in
the five NHANES cycles. We excluded participants who were missing
12 interested phthalates metabolites laboratory data (n=3,192) and
were younger than 20years old (n=4,391). Finally, a total of 8,931
subjects were included in our cohort study. NHANES was conducted
under the approval of the National Center for Health Statistics
(NCHS) Research Ethics Review Board (ERB) and at the same time,
the participants provided written informed consent to participate in
the survey (15).

2.2. Measurement of urinary phthalate
metabolites

Phthalate metabolites were measured in spot urine samples were
collected during participants’ examination at the Mobile Examination
Center (MEC) and stored at —20°C. Then the samples were shipped
to National Center for Environmental Health, Centers for Disease
Control and Prevention (CDC) for analysis. Urine samples were
processed using glucuronide enzymatic digestion and the phthalate
monoesters were coupled by solid phase extraction (SPE). Finally,
quantitative detection of urine phthalate metabolites was conducted
using high-performance liquid chromatography-electrospray
ionization-tandem mass spectrometry (HPLC-ESI-MS/MS) (16).
Urinary creatinine was also measured to adjust urinary dilution for
each urine sample.

We focused on 12 phthalate metabolites from eight parent
compounds in five cycles (from 2005-2006 to 2013-2014). As shown
in Table 1, except mono(2-ethylhexyl) phthalate (MEHP) and mono-
isononyl phthalate (MiNP), the other metabolites, including mono-
(carboxynonyl) phthalate (MCNP), mono-(carboxyoctyl) phthalate
(MCOP), mono-n-butyl phthalate (MnBP), mono-ethyl phthalate
(MEP), mono-benzyl phthalate (MBzP), mono-(3-carboxypropyl)
phthalate (MCPP), mono-(2-ethyl-5-hydroxyhexyl) phthalate
(MEHHP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-
isobutyl phthalate (MiBP) and mono-2-ethyl-5-carboxypentyl
phthalate (MECPP), were detectable in more than 95% of all
participants in the cohort. Furthermore, we calculated the molar sum
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TABLE 1 Sample-weighted, creatinine-standardized urinary phthalate metabolite concentrations in the U.S. DM and non-DM population, NHANES
2005-2014 (ug/g creatinine).

Metabolite Parent compound >LOD (%) Geometric mean
non-DM
Mono-(carboxynonyl) Phthalate DiDP (Di-isodecyl 95.1 2.76 2.65 0.046
(MCNP) phthalate)
Mono-(carboxyoctyl) Phthalate DiNP (Di-isononyl 98.0 12.16 11.27 0.017
(MCOP) phthalate)
Mono-n-butyl Phthalate (MnBP) DBP (Di-butyl phthalate) 97.6 12.94 12.31 0.291
Mono-ethyl Phthalate (MEP) DEP (Diethyl phthalate) 99.9 73.54 65.95 0.090
Mono(2-ethylhexyl) Phthalate DEHP (Di(2-ethylhexyl) 67.3 1.56 1.93 <0.001
(MEHP) phthalate)
Mono-isononyl Phthalate (MiNP) | DiNP (Di-isononyl 31.8 1.04 1.15 0.029
phthalate)
Mono-benzyl Phthalate (MBzP) BzBP (Benzylbutyl 97.8 5.15 5.41 0.153
phthalate)
Mono-(3-carboxypropyl) DOP (Di-n-octyl 95.2 2.57 243 0.105
Phthalate (MCPP) phthalate)
Mono-(2-ethyl-5-hydroxyhexyl) DEHP (Di(2-ethylhexyl) 99.6 12.82 12.54 0.065
Phthalate (MEHHP) phthalate)
Mono-(2-ethyl-5-oxohexyl) DEHP (Di(2-ethylhexyl) 99.0 7.98 7.68 0.016
Phthalate (MEOHP) phthalate)
Mono-isobutyl Phthalate (MiBP) DiBP (Di-butyl phthalate) 97.8 6.45 6.25 0.335
Mono-2-ethyl-5-carboxypentyl DEHP (Di(2-ethylhexyl) 99.8 20.47 19.39 0.011
Phthalate (MECPP) phthalate)
DEHP (Di(2-ethylhexyl) phthalate), pmol/g 100 0.15 0.14 0.027

DM, diabetes mellitus; NHANES, National Health and Nutrition Examination Survey; LOD, limit of detection.

of Di (2-ethylhexyl) phthalate (DEHP) metabolites (3} DEHP) to
estimate the total exposure of the parent phthalate DEHP. The formula
is YDEHP (umol/L)=(MEHP/278.34)+ (MEHHP/294.34)+
(MEOHP/292.33) + (MECPP/308.33) (17, 18). The concentrations of
phthalates were adjusted by the urinary creatinine concentration to
correct for urinary dilution, creatinine adjustment was conducted by
dividing the urinary chemical concentration with the urinary
creatinine concentration (Ucr) of each spot urine sample. The levels <
limit of detection (LOD) was replaced by LOD/Sqrt (2).

2.3. Definition of diabetes and covariates

Diabetes was defined by self-reported diagnosis by a doctor, or
self-reported taking insulin/hypoglycemic medications to lower
glucose, or level of hemoglobin Alc of 6.5% or greater, or level of
fasting glucose of 126 mg/dL or greater, or level of two-hour glucose
of 200mg/dL or greater (19). The participants’ demographic details
included age, sex (male, or female), race/ethnicity (non-Hispanic
white, non-Hispanic black, Mexican American, or other), educational
level (0-11, 12, or>12years of education), income level (poverty
income, middle income, or high income) based on Poverty Impact
Ratio (RIP) were self-reported. Smoking status was separated into 3
groups including never smokers (defined as people who reported that
they had not smoked as many as 100 cigarettes in their lifetime),
former smokers (defined as people who had smoked 100 cigarettes or
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more lifetime but did not smoke cigarettes currently), and current
smokers (defined as people who reported that they currently smoked
cigarettes every day or some days); alcohol consumption status was
categorized as never drinkers and current drinkers based on whether
people who drank alcohol at least 12 times in the previous year;
physical activity status was defined by the times of physical activity per
week (>1 time/week as Yes, <1 time/week as No); body mass index
(BMI) was calculated as weight in kilograms divided by height in
meters squared (kg/m*) and participants were separated into
underweight or normal weight (<25kg/m?), overweight (25-30kg/
m?), and obese (>30kg/m?); hypertension status was defined by self-
reported diagnosis, or use of antihypertensive drugs, or systolic blood
pressure >140 mmHg, or diastolic blood pressure >90 mmHg. Total
serum cholesterol level as a continuous covariate was routinely
measured in the laboratory.

2.4. Mortality

Mortality data were linked to National Death Index public access
files to determine mortality status and cause of death in a mortality
follow-up through December 31, 2015. International Classification of
Diseases-10th revision (ICD-10) was used to code the cause of death.
The primary outcomes were all-cause and cardiovascular mortality in
our study. Cardiovascular deaths were defined as ICD-10 codes 100 to
109, I11, I13, and 120 to I51.
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2.5. Statistical analysis

The complex sampling design and weights was adapted to our
statistical analyses, which was recommended by NHANES,
we calculated the weighted means + standard error (SE) for continuous
variables and frequencies (weighted percentages) for categorical
variables to describe the distributions of demographic characteristics
and partly laboratory indicators by the DM status. In this study,
phthalate metabolite levels were corrected by urinary creatinine
concentrations to adjust urinary dilution. Weighted geometric means
(GMs) was used to describe the distributions of phthalate metabolites
corrected by urinary creatinine. We categorized all participants into
low-level, middle-level and high-level based on the tertile of each
urinary metabolite.

Multivariable logistic regression models were used to calculate
odds ratios (ORs) and 95% confidence intervals (Cls) to assess the
prevalence rates of DM associated with urinary phthalate
metabolites, with models adjusted for sex, age, ethnicity group,
education, family income, the survey cycle, smoking status,
drinking status, physical activity, BMI, hypertension, total
cholesterol, and family history of cardiovascular diseases. Cox
proportional hazards regressions were used to estimate the hazard
ratios (HRs) and 95% CI for cardiovascular mortality by adjusting
for covariates (including age, sex, total cholesterol, BMI, race/
ethnicity, smoking status, drinking alcohol status, physical activity,
education level, income level, and hypertension status) in
participants with DM and participants with non-DM, respectively.
We estimated the adjusted HRs of In-transformed values of each
urinary phthalate metabolite concentration for CVD mortality in
three models. For model 1, we performed the Cox regression
adjusting for sex, age, and ethnicity group; for model 2,
we performed the Cox regression adjusting for education, family
income, the survey cycle, smoking status, drinking status, physical
activity, and covariates in model 1; for model 3, we performed the
Cox regression adjusting for BMI, hypertension, total cholesterol,
family history of CVD, and covariates in model 2.

All statistical analyses were carried out by the “survey” R package
in R 4.0.3 software, and with the two-sided significant level at 0.05.

3. Results

3.1. Characteristics of the study
participants

The general characteristics of participants are summarized in
Table 2. In this study, a total of 8,931 participants were included, of
whom 1,603 were DM and 7,328 were non-DM. The mean (SE) age
was 47.08 (0.30) years [59.78 (0.44) for DM and 45.08 (0.32) years for
non-DM]. Among all participants, the proportion of males was 48.1%
(50.5% for DM and 47.7% for non-DM). The obesity rate for all
participants was 35.3, 61.3% for people with DM, and 31.3% for
people with non-DM. The proportion of people who exercise regularly
was 54.3% for all participants, 39.8% for people with DM, and 56.6%
for people with non-DM. More than half of participants with diabetes
had hypertension. In summary, compared to participants with
non-DM, individuals with DM were older and more likely to be obese,
had less physical activity and more people had hypertension.
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3.2. Level of sample-weighted,
creatinine-standardized urinary phthalate
metabolite

The detectable percentage of sample-weighted, creatinine-
standardized urinary phthalate metabolites >LOD, GMs of 12 urinary
phthalate metabolites are presented in Table 1. Except for MEHP and
MIiNP, the weighted proportion of levels above LOD accounted for
more than 95% for each analyte, suggesting that it was detected in
most participants. Next, we focused on the 10 phthalate metabolites
and DEHP. We observed that participants with diabetes had higher
concentrations of urinary phthalate metabolites (excluding MBzP)
compared with participants without diabetes.

3.3. Associations of urinary phthalates with
diabetes mellitus

The associations of ten urinary phthalate metabolites and DEHP
with DM are given in Table 3. The results showed that MECPP and
DEHP were significantly positively associated with DM. When the
concentrations of MECPP and DEHP were used as continuous
variables, with the increase per unit of In-transformed urinary
MECPP, the risk of DM increased by 17% (OR=1.17, 95% CI=1.03-
1.32, p=0.014) after adjusting for the covariates. Similarly, with the
increase per unit of In-transformed urinary DEHP, the risk of DM
increased by 14% (OR=1.14, 95% CI=1.00-1.29, p=0.043) after
adjusting for the covariates. Compared with participants in the first
tertile of MCNP, we observed participants in the third tertile of MCNP
had a higher risk of DM (OR=1.53, 95%CI=1.16-2.01, p=0.003).

3.4. Associations of phthalates with
all-cause and CVD mortality in participants
with DM and non-DM

Next, for exploring the harm of phthalates, we performed Cox
proportional hazards regressions to access whether urinary phthalate
metabolites were related to all-cause and cardiovascular mortality in
participants with DM. Table 4 presents hazard rate estimates of
all-cause and cardiovascular mortality for 10 urinary phthalate
metabolites and Y DEHP in participants with DM. Based on the
model 1 after adjustment for sex, age and ethnicity group, MEOHP
was statistically significantly increased cardiovascular mortality
(HR =1.45, 95%CI=1.02-2.06, p=0.037). After additional adjustment
including education, family income, the survey cycle, smoking status,
drinking status and physical activity (model 2), MCPP and MECCP
significantly increased the risk of cardiovascular mortality by 66 and
60%, respectively (HR=1.66, 95%CI=1.08-2.56, p=0.020 and
HR=1.60, 95%CI=1.01-2.55, p=0.047). Based on the most fully
adjusted model 3, urinary of MCPP was also observed statistically
significantly increased cardiovascular mortality (HR=2.02,
95%CI=1.13-3.64, p=0.018), and the similar associations were also
observed in MEHHP (HR=2.17, 95%CI=1.26-3.75, p=0.006),
MEOHP (HR=247, 95%CI=1.43-4.28, p=0.001), MECPP
(HR=2.65, 95%CI=1.51-4.63, p=0.001). In addition, MCPP also
increased the risk of all-cause mortality by 34% (HR=1.34,
95%CI=1.12-1.61, p=0.001). ZDEHP is the molar sum of four
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TABLE 2 Demographics and clinical characteristics of participants based on diabetes status.

All participants

Diabetes mellitus Non-diabetes mellitus

Total number 8,931 1,603 7,328
Age, years, mean = SE 47.08£0.30 59.78 £0.44 45.08+0.32
Sex, male, 1 (%) 4,354 (48.1) 833 (50.5) 3,521 (47.7)
Total serum cholesterol, mg/dL, 194.50+0.57 187.53+1.58 195.61+0.61
mean+SE

Body mass index, n (%)

Normal weight and underweight 2,638 (31.5) 230 (13.1) 2,408 (34.3)
(<25kg/m?)

Overweight (25-30kg/m?) 2,949 (33.2) 451 (25.6) 2,498 (34.4)
Obesity (>30kg/m?) 3,219 (35.3) 877 (61.3) 2,342 (31.3)
Race/ethnicity, n (%)

Non-Hispanic white 4,010 (68.5) 620 (65.4) 3,390 (68.9)
Non-Hispanic black 1937 (11.4) 434 (15.4) 1,503 (10.8)
Mexican-American 1,371 (8.2) 278 (8.4) 1,093 (8.2)
Others 1,613 (11.9) 271 (10.8) 1,342 (12.1)
Smoking status, n (%)

Current 1913 (21.8) 282 (17.6) 1,631 (22.2)
Former 2,150 (24.1) 551 (34.3) 1,599 (22.5)
Never 4,861 (54.3) 769 (48.2) 4,092 (55.3)
Drinking status, n (%)

Current 3,854 (45.3) 467 (62.4) 3,387 (42.5)
Never 4,208 (54.7) 1,003 (37.6) 3,205 (57.5)
Physical activity, n (%)

Yes 4,243 (54.3) 556 (39.8) 3,687 (56.6)
No 4,688 (45.7) 1,047 (60.2) 3,641 (43.4)
Educational attainment, years, n (%)

0-11 2,373 (18.1) 600 (26.5) 1,773 (16.8)
12 2,090 (23.3) 375 (25.9) 1,715 (22.9)
>12 4,457 (58.6) 625 (47.6) 3,832 (60.3)
Income strata size, n (%)

Poverty income (PIR<1) 1,801 (14.9) 340 (16.0) 1,461 (14.8)
Middle income (PIR>1 &<4) 4,232 (48.8) 807 (53.3) 3,425 (48.1)
High income (PIR > 4) 2,129 (36.3) 300 (30.6) 1,829 (37.1)
Hypertension, n (%)

Yes 3,296 (34.6) 1,056 (66.9) 2,240 (29.5)
No 5,318 (65.4) 498 (33.1) 4,820 (70.5)

PIR, Price-to-Income Ratio; Data are presented as n (%) for categorical data, mean (SE) for parametrically distributed data.

metabolites (MEHP, MEHHP, MEOHP and MECCP). After adjusting
for the covariates, >, DEHP was significantly positively associated with
the hazard of cardiovascular mortality in participants with DM
(HR=2.56,95%CI =1.46-4.46, p=0.001). In addition, we did not find
evidence for associations between others urinary phthalate metabolites
and mortality in participants with DM. We also analyzed the
relationship phthalate metabolites with all-cause and CVD mortality
in participants with non-DM based on the most fully adjusted model
3, no significant associations were detected (Supplementary Table S1).

Frontiers in Public Health

4. Discussion

We found that phthalate metabolites were associated with high
prevalent DM in the cross-sectional study among U.S. adults. Notably,
in the prospective cohort analysis of U.S. adults, we also found that
higher concentrations of urinary levels of phthalate metabolites,
especially MCPP, MEHHP, MEOHP, MECPP and ZDEHP, were
significantly associated with an increased risk of CVD mortality in
participants with diabetes. Moreover, MCPP also was associated with
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TABLE 3 Associations of phthalates concentrations with DM in U.S. participants.

10.3389/fpubh.2023.1178057

DM N (%) non-DM N (%) OR (95% Cl) p-value

MCNP*, ug/g 1.10 (0.98-1.24) 0.105
T1 (<1.73) 572 (12.2) 2,792 (87.2) 1.00 (ref.)

T2 (1.73-3.51) 512 (13.1) 2,360 (86.9) 1.32 (0.95-1.84) 0.092
T3 (>3.51) 456 (15.0) 2,043 (85.0) 1.53 (1.16-2.01) 0.003
MCOP*, pg/g 1.06 (0.96-1.17) 0232
T1 (<5.55) 528 (12.0) 2,778 (88.0) 1.00 (ref.)

T2 (5.55-18.27) 536 (13.8) 2,335 (86.2) 1.09 (0.77-1.52) 0.628
T3 (>18.27) 476 (14.5) 2,082 (85.5.9) 1.19 (0.86-1.65) 0.289
MnBP*, ug/g 0.98 (0.83-1.15) 0.813
T1 (<8.93) 485 (13.1) 2,396 (86.9) 1.00 (ref))

T2 (8.93-17.40) 537 (13.0) 2,454 (87.0) 0.93 (0.68-1.28) 0.658
T3 (>17.40) 518 (14.2) 2,345 (85.8) 0.97 (0.67-1.40) 0.875
MEP*, ng/g 1.05 (0.97-1.14) 0.243
T1 (<31.82) 412 (12.6) 2,090 (87.4) 1.00 (ref.)

T2 (31.82-108.75) 477 (13.3) 2,310 (86.7) 1.34 (0.89-2.00) 0.156
T3 (>108.75) 651 (14.2) 2,795 (85.8) 1.28 (0.88-1.85) 0.194
MBzP*, pg/g 0.94 (0.84-1.07) 0.358
T1 (<3.57) 599 (13.9) 2,682 (86.1) 1.00 (ref.)

T2 (3.57-7.98) 555 (13.4) 2,435 (86.3) 0.86 (0.63-1.19) 0.363
T3 (>7.98) 386 (12.3) 2,078 (87.7) 0.88 (0.64-1.22) 0.447
MCPP*, ug/g 1.05 (0.94-1.17) 0385
T1 (<1.49) 552 (12.7) 2,745 (87.3) 1.00 (ref.)

T2 (1.49-3.33) 560 (13.3) 2,478 (86.7) 1.17 (0.84-1.62) 0.350
T3 (>3.33) 428 (14.3) 1,972 (85.7) 1.15 (0.83-1.58) 0.391
MEHHP*, ng/g 1.11 (0.99-1.25) 0.084
T1 (<7.50) 476 (11.7) 2,579 (88.3) 1.00 (ref.)

T2 (7.50-16.80) 562 (15.0) 2,438 (85.0) 1.26 (0.84-1.89) 0.259
T3 (>16.80) 502 (13.5) 2,178 (86.5) 1.34 (0.91-1.99) 0.140
MEOHP*, ug/g 1.12 (1.00-1.27) 0.056
T1 (<4.63) 464 (12.0) 2,627 (88.0) 1.00 (ref.)

T2 (4.63-10.00) 560 (13.8) 2,440 (86.2) 1.05 (0.75-1.47) 0.783
T3 (>10.00) 516 (14.5) 2,128 (85.5) 1.24 (0.87-1.76) 0.236
MiBP*, ug/g 1.07 (0.93-1.23) 0.345
T1 (<4.58) 470 (13.0) 2,389 (87.0) 1.00 (ref.)

T2 (4.58-8.70) 506 (12.7) 2,435 (87.3) 0.93 (0.67-1.28) 0.649
T3 (>8.70) 564 (14.6) 2,371 (85.4) 1.21 (0.91-1.61) 0.175
MECPP*, ng/g 1.17 (1.03-1.32) 0.014
T1 (<11.97) 479 (12.0) 2,637 (88.0) 1.00 (ref.)

T2 (11.97-25.68) 554 (14.3) 2,449 (85.7) 1.21 (0.83-1.75) 0.313
T3 (>25.68) 507 (14.1) 2,109 (85.9) 1.39 (0.99-1.97) 0.057
Y DEHP*, pmol/g 1.14 (1.00-1.29) 0.043
T1 (<0.09) 462 (12.0) 2,541 (88.0) 1.00 (ref.)

T2 (0.09-0.19) 574 (14.1) 2,531 (85.9) 1.10 (0.74-1.63) 0.646
T3 (>0.19) 504 (14.2) 2,123 (85.8) 1.38 (0.94-2.02) 0.095

DM, diabetes mellitus; OR, odds ratio; CI, confidence interval.
Adjusted for sex, age, ethnicity group, education, family income, the survey cycle, smoking status, drinking status, physical activity, BMI, hypertension, total cholesterol, and family history of

cardiovascular diseases.
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TABLE 4 Associations of phthalate concentrations with all-cause and cardiovascular disease mortality among participants with DM.

All-cause mortality of HR p-value Cardiovascular disease
(95% Cl) among DM mortality of HR (95% ClI)
among DM
MCNP#*, ng/g
Model 1 1.08 (0.90-1.30) 0421 1.28 (0.76-2.15) 0.356
Model 2 1.11 (0.87-1.42) 0.393 1.69 (0.84-3.40) 0.144
Model 3 1.12 (0.84-1.48) 0.444 1.37 (0.49-3.83) 0.552
MCOP*, ng/g
Model 1 0.93 (0.82-1.05) 0.230 0.81 (0.57-1.13) 0.209
Model 2 1.07 (0.89-1.230) 0.464 1.04 (0.57-1.89) 0.897
Model 3 1.22 (0.97-1.54) 0.083 0.98 (0.47-2.06) 0.958
MnBP#*, pg/g
Model 1 1.16 (0.96-1.40) 0.120 1.35 (0.86-2.12) 0.190
Model 2 1.11 (0.91-1.36) 0315 1.37 (0.82-2.26) 0219
Model 3 1.22 (0.97-1.54) 0.095 1.58 (0.51-4.92) 0431
MEP*, ug/g
Model 1 1.02 (0.93-1.12) 0.725 0.94 (0.69-1.28) 0.712
Model 2 0.99 (0.88-1.12) 0.853 0.87 (0.66-1.14) 0.298
Model 3 1.01 (0.86-1.18) 0918 1.24 (0.84-1.83) 0.290
MBzP*, pg/g
Model 1 1.17 (0.95-1.44) 0.131 1.21 (0.80-1.84) 0.367
Model 2 1.18 (0.97-1.43) 0.100 1.26 (0.88-1.81) 0.213
Model 3 1.28 (0.95-1.73) 0.110 1.25(0.53-2.97) 0.606
MCPP*, ng/g
Model 1 0.98 (0.84-1.16) 0.843 1.16 (0.80-1.68) 0.436
Model 2 1.15 (0.95-1.38) 0.147 1.66 (1.08-2.56) 0.020
Model 3 1.34 (1.12-1.61) 0.001 2.02 (1.13-3.64) 0.018
MEHHP*, pg/g
Model 1 1.16 (0.99-1.34) 0.067 1.40 (0.96-2.04) 0.077
Model 2 1.16 (0.96-1.41) 0.119 1.43 (0.87-2.36) 0.159
Model 3 1.21 (0.97-1.52) 0.086 2.17 (1.26-3.75) 0.006
MEOHP*, ng/g
Model 1 1.13 (0.94-1.35) 0.180 1.45 (1.02-2.06) 0.037
Model 2 1.16 (0.94-1.44) 0.163 1.55 (0.94-2.54) 0.083
Model 3 1.23 (0.98-1.56) 0.079 247 (1.43-4.28) 0.001
MiBP*, ng/g
Model 1 1.00 (0.83-1.21) 0.998 0.88 (0.64-1.21) 0.419
Model 2 0.98 (0.78-1.22) 0.832 0.87 (0.61-1.26) 0.465
Model 3 1.00 (0.74-1.35) 0.986 0.84 (0.36-1.94) 0.678
MECPP*, ng/g
Model 1 1.16 (0.98-1.37) 0.086 1.46 (0.99-2.16) 0.059
Model 2 1.22 (1.00-1.49) 0.053 1.60 (1.01-2.55) 0.047
Model 3 1.20 (0.94-1.53) 0.143 265 (1.51-4.63) 0.001
Y DEHP*, pmol/g
Model 1 1.16 (0.98-1.38) 0.077 1.46 (0.99-2.15) 0.054
Model 2 1.20 (0.98-1.46) 0.084 1.56 (0.96-2.54) 0.075
Model 3 1.22 (0.96-1.54) 0.110 2.56 (1.46-4.46) 0.001

DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval.
Model 1, adjusted for sex, age, and ethnicity group.

Model 2, adjusted for education, family income, the survey cycle, smoking status, drinking status, physical activity, and covariates in model 1.
Model 3, adjusted for BMI, hypertension, total cholesterol, and family history of cardiovascular diseases, and covariates in model 2.
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an increased risk of all-cause mortality. The association was
independent of traditional risk factors, including BMI, hypertension,
total cholesterol and family history of cardiovascular disease. The
ZDEHP and three of four DEHP oxidative metabolites (MEHHP,
MEOHP, MECPP) were consistent with an increased risk of CVD
mortality in our results. This major finding indicated that the oxidative
phthalates metabolites of DEHP might serve as better predictors for
cardiovascular mortality in participants with diabetes.

Phthalate metabolites can affect the homeostasis of lipids and
glucose, leading to insulin resistance, and thereby increasing the risk
of diabetes and CVD (20). This is consistent with our findings that
phthalate metabolites are associated with high prevalence of diabetes.
In addition, it has been found that exposure to phthalates may reduce
insulin levels in fetal rats (21), which may lead to insulin resistance in
adulthood (22). In addition to insulin resistance, the studies reported
phthalate metabolites are associated with risk factors for cardiovascular
mortality, including weight change (23), blood glucose (24), and
metabolic syndrome (25). Thus, diabetes patients might be more
susceptible to an increase in risk of cardiovascular mortality due to
phthalate metabolites.

Previous epidemiological studies and experimental animal
research have shown that urinary phthalate metabolites are associated
with an increased risk of CVD events and mortality (10, 26, 27). A
cross-sectional study based on two cycles of NHANES survey data
(2001-2004) reported that MCPP and MnBP metabolites were
associated with a higher risk of stroke after being fully adjusted from
the general population (28). However, in another prospective cohort
analysis including 5,080 participants, Sturgeon et al. (13) found that
urinary levels of phthalate metabolites were not associated with
increased cardiovascular mortality by comparing hazard ratios in the
highest and lowest quartiles based on the NHANES 1999-2008. The
association of phthalate metabolites and cardiovascular mortality is
still controversial, which could be because observational studies are
susceptible to uncontrolled confounding. In addition, current studies
were conducted among general populations and did not perform
analysis in participants with DM. Among patients with diabetes,
evidence is limited regarding the potential health damage of phthalate
metabolites, particularly about mortality. For example, among 675
Chinese adults with diabetes, Zhang et al. (29) observed that MEP and
MiBP were positively associated with CVD. Moreover, the study did
pre-specified CVD as the primary endpoint and was only tested in the
Chinese population. In our cohort study using a nationally
representative sample of U.S. adults with diabetes, we found urinary
levels of phthalate metabolites are associated with all-cause and CVD
mortality after multivariate adjustment, even though the association
was independent of traditional risk factors. Moreover, the oxidative
metabolites MEHHP, MEOHP and MECPP are the main metabolites
and suitable biomarkers for exposure to this compound (30), so our
results are more detailed and convincing. More large prospective and
experimental studies are needed to confirm these findings.

Although underlying mechanism of the observed association
between phthalates and cardiovascular mortality in individuals with
DM remains to be elucidated. Phthalate metabolites exposure may
alter the signaling pathways of cells responsible for lipid metabolism
and balance which can result in lipid accumulation and possibly
be susceptibility to CVD (10, 31). Previous studies had suggested that
DEHP harms the function of chicken (32) and rat (33) embryonic
cardiomyocytes. Oxidative stress also has been considered as a
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possible mechanism for phthalates to cause cardiometabolic risk.
Studies have reported the association between urinary phthalate
metabolites and oxidative stress (16, 34). In another study among 329
China adults with diabetes, they found phthalates exposure was
associated with oxidative stress in participants with diabetes, but there
was not comparable with the general population, and further
toxicology studies are needed (35). Among 300 participants with
diabetes over the age of 50 in Shanghai, Dong et al. (36) found that the
phthalate with
y-glutamiltransferase and oxidative stress biomarkers (8-hydroxy-2’-

exposure was a positive  association

deoxyguanosine and malondialdehyde) and could induce
cardiometabolic risk in serum and the risk of insulin resistance by
measured 10 phthalate metabolites in urine and biomarkers of
oxidative stress. Nevertheless, more mechanistic studies are needed to
further elucidate the underlying mechanisms through which urinary
phthalate metabolites as predictors of CVD mortality among
participants with diabetes.

Given the pervasiveness of phthalates in our environment, it is
important to fully understand their potential impact on health. This
study has several strengths, the study includes the prospective cohort
study design, and our findings from the nationally representative
dataset that urinary phthalate metabolites might be related to
cardiovascular mortality in participants with DM, which facilitates
recapitulation of our findings and control for potential confounders.
In addition, the use of NHANES data and appropriate weighting
procedures can allow research results to be generalized to the
Hispanic, white and black non-institutional populations in the
U.S. adults. Furthermore, the variability of phthalate exposure may
change with changes in personal care products, daily activities, or diets
(37), we study used urinary measurements, which generally have
higher concentrations of phthalate metabolites compared with serum
(38) and have been shown to be a favorable biomarker of long-term
exposure to phthalates (39), so more phthalate metabolites could
be accurately and precisely quantified above the lower limit
of detection.

Although have demonstrated a positive association between
phthalate metabolites and cardiovascular mortality in the nationally
representative sample of U.S. adults with DM. There are also several
limitations of our study. First, urinary phthalate metabolites were
measured in a single-point sample, the level of phthalate metabolites
can change in a relatively short period, which may not accurately
represent an individual’s typical exposure. Secondly, the confounding
effects caused by psychosocial factors, genetic susceptibility, unknown
confounding or accidental in the current study could not be excluded.
Finally, further experimental studies are needed to clarify the
mechanism by which phthalate metabolites may predict cardiovascular
mortality in participants with diabetes.

5. Conclusion

In summary, our study is the first prospective study to explore the
association between phthalate metabolites and cardiovascular
mortality in U.S. adults with diabetes. These findings suggest that
phthalate metabolites were powerful predictors of cardiovascular
mortality and suggest the potential benefits of maintaining reduced
phthalates intake status in reducing premature death in patients
with DM.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1178057
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wang et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by National Center for Health Statistics (NCHS) Research
Ethics Review Board (ERB). The patients/participants provided their
written informed consent to participate in this study.

Author contributions

ZW, YD, SG, GH, and XG conceived the study, performed
manuscript revision, and took accountabilities for all aspects of the
work. ZW, YD, ZL, ZZ, QF, MZ, TS, GH, and XG performed the data
interpretation and drafted and revised the manuscript. ZW, YD, and
SG designed the methodology and did the software analysis. GH and
XG were in charge of supervision and administration. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by the Xiangshan Talented Scientific
Research Project of Zhuhai People’s Hospital (2021XSYC-03).

References

1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF
Diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021
and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 10.1016/j.
diabres.2021.109119

2. Gordon-Dseagu VL, Shelton N, Mindell J. Diabetes mellitus and mortality from
all-causes, cancer, cardiovascular and respiratory disease: evidence from the health
survey for England and Scottish health survey cohorts. ] Diabetes Complicat. (2014)
28:791-7. doi: 10.1016/j.jdiacomp.2014.06.016

3. Forbes A, Murrells T, Sinclair AJ. Examining factors associated with excess
mortality in older people (age >/= 70 years) with diabetes - a 10-year cohort study of
older people with and without diabetes. Diabet Med. (2017) 34:387-95. doi: 10.1111/
dme.13132

4. Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Angelantonio E, Gao P,
Sarwar N, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific death. N
Engl ] Med. (2011) 364:829-41. doi: 10.1056/NEJMo0al008862

5. Gerrits EG, Landman GW, Bilo HJ. Mortality trends in diabetes mellitus. JAMA
Intern Med. (2015) 175:469. doi: 10.1001/jamainternmed.2014.7985

6. Henning RJ. Type-2 diabetes mellitus and cardiovascular disease. Futur Cardiol.
(2018) 14:491-509. doi: 10.2217/fca-2018-0045

7. Romero-Franco M, Hernandez-Ramirez RU, Calafat AM, Cebridn ME, Needham LL,
Teitelbaum S, et al. Personal care product use and urinary levels of phthalate metabolites in
Mexican women. Environ Int. (2011) 37:867-71. doi: 10.1016/j.envint.2011.02.014

8. Wormuth M, Scheringer M, Vollenweider M, Hungerbuhler K. What are the
sources of exposure to eight frequently used phthalic acid esters in Europeans? Risk
Anal. (2006) 26:803-24. doi: 10.1111/j.1539-6924.2006.00770.x

9. Hauser R, Calafat AM. Phthalates and human health. Occup Environ Med. (2005)
62:806-18. doi: 10.1136/0em.2004.017590

10. Benjamin S, Masai E, Kamimura N, Takahashi K, Anderson RC, Faisal PA.
Phthalates impact human health: epidemiological evidences and plausible mechanism
of action. ] Hazard Mater. (2017) 340:360-83. doi: 10.1016/j.jhazmat.2017.06.036

11. Diamanti-Kandarakis E, Bourguignon JP, Giudice LC, Hauser R, Prins GS, Soto
AM, et al. Endocrine-disrupting chemicals: an Endocrine Society scientific statement.
Endocr Rev. (2009) 30:293-342. doi: 10.1210/er.2009-0002

Frontiers in Public Health

10.3389/fpubh.2023.1178057

Acknowledgments

The authors would like to thank all participants and staffs for their
cooperation and assistance in the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1178057/
full#supplementary-material

12. Mariana M, Feiteiro J, Verde I, Cairrao E. The effects of phthalates in the
cardiovascular and reproductive systems: a review. Environ Int. (2016) 94:758-76. doi:
10.1016/j.envint.2016.07.004

13. Sturgeon SR, Flynn D, Kaiser AB, Reeves KW. Urinary levels of phthalate
metabolites and cardiovascular disease mortality (NHANES, 1999-2008). Int ] Hyg
Environ Health. (2016) 219:876-82. doi: 10.1016/j.ijheh.2016.07.006

14. Calafat AM, Koch HM, Swan SH, Hauser R, Goldman LR, Lanphear BP, et al.
Misuse of blood serum to assess exposure to bisphenol a and phthalates. Breast Cancer
Res. (2013) 15:403. doi: 10.1186/bcr3494

15. Cassidy S, Trenell MI, Anderson KN. The cardio-metabolic impact of taking
commonly prescribed analgesic drugs in 133,401 UK biobank participants. PLoS One.
(2017) 12:¢0187982. doi: 10.1371/journal.pone.0187982

16. Tran V, Tindula G, Huen K, Bradman A, Harley K, Kogut K, et al. Prenatal
phthalate exposure and 8-isoprostane among Mexican-American children with high
prevalence of obesity. ] Dev Orig Health Dis. (2017) 8:196-205. doi: 10.1017/
$2040174416000763

17.Kato K, Silva MJ, Needham LL, Calafat AM. Determination of 16 phthalate
metabolites in urine using automated sample preparation and on-line preconcentration/
high-performance liquid chromatography/tandem mass spectrometry. Anal Chem.
(2005) 77:2985-91. doi: 10.1021/ac0481248

18. Munoz I, Colacino JA, Lewis RC, Arthur AE, Meeker JD, Ferguson KK.
Associations between school lunch consumption and urinary phthalate metabolite
concentrations in US children and adolescents: results from NHANES 2003-2014.
Environ Int. (2018) 121:287-95. doi: 10.1016/j.envint.2018.09.009

19. American Diabetes A. 2. Classification and diagnosis of Diabetes: standards of
medical Care in Diabetes-2019. Diabetes Care. (2019) 42:S13-28. doi: 10.2337/
dc19-S002

20. Mariana M, Cairrao E. Phthalates implications in the cardiovascular system. J

Cardiovasc Dev Dis. (2020) 7:26. doi: 10.3390/jcdd7030026

21. Boberg J, Metzdorff S, Wortziger R, Axelstad M, Brokken L, Vinggaard AM, et al.
Impact of diisobutyl phthalate and other PPAR agonists on steroidogenesis and plasma
insulin and leptin levels in fetal rats. Toxicology. (2008) 250:75-81. doi: 10.1016/j.
t0x.2008.05.020

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1178057
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1178057/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1178057/full#supplementary-material
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.jdiacomp.2014.06.016
https://doi.org/10.1111/dme.13132
https://doi.org/10.1111/dme.13132
https://doi.org/10.1056/NEJMoa1008862
https://doi.org/10.1001/jamainternmed.2014.7985
https://doi.org/10.2217/fca-2018-0045
https://doi.org/10.1016/j.envint.2011.02.014
https://doi.org/10.1111/j.1539-6924.2006.00770.x
https://doi.org/10.1136/oem.2004.017590
https://doi.org/10.1016/j.jhazmat.2017.06.036
https://doi.org/10.1210/er.2009-0002
https://doi.org/10.1016/j.envint.2016.07.004
https://doi.org/10.1016/j.ijheh.2016.07.006
https://doi.org/10.1186/bcr3494
https://doi.org/10.1371/journal.pone.0187982
https://doi.org/10.1017/S2040174416000763
https://doi.org/10.1017/S2040174416000763
https://doi.org/10.1021/ac0481248
https://doi.org/10.1016/j.envint.2018.09.009
https://doi.org/10.2337/dc19-S002
https://doi.org/10.2337/dc19-S002
https://doi.org/10.3390/jcdd7030026
https://doi.org/10.1016/j.tox.2008.05.020
https://doi.org/10.1016/j.tox.2008.05.020

Wang et al.

22. Holemans K, Aerts L, Van Assche FA. Lifetime consequences of abnormal fetal
pancreatic development. ] Physiol. (2003) 547:11-20. doi: 10.1113/jphysiol.2002.036582

23. Diaz Santana MV, Hankinson SE, Bigelow C, Sturgeon SR, Zoeller RT, Tinker L,
et al. Urinary concentrations of phthalate biomarkers and weight change among
postmenopausal women: a prospective cohort study. Environ Health. (2019) 18:20. doi:
10.1186/512940-019-0458-6

24.Dales RE, Kauri LM, Cakmak S. The associations between phthalate exposure
and insulin resistance, B-cell function and blood glucose control in a population-
based sample. Sci Total Environ. (2018) 612:1287-92. doi: 10.1016/j.
scitotenv.2017.09.009

25. Gaston SA, Tulve NS. Urinary phthalate metabolites and metabolic syndrome in
U.S. adolescents: cross-sectional results from the National Health and nutrition
examination survey (2003-2014) data. Int ] Hyg Environ Health. (2019) 222:195-204.
doi: 10.1016/j.ijheh.2018409.005

26.Zhu X, Yin T, Yue X, Liao S, Cheang I, Zhu Q, et al. Association of urinary
phthalate metabolites with cardiovascular disease among the general adult population.
Environ Res. (2021) 202:111764. doi: 10.1016/j.envres.2021.111764

27.Amara I, Timoumi R, Annabi E, Neffati F, Najjar ME, Bouaziz C, et al. Di
(2-ethylhexyl) phthalate induces cardiac disorders in BALB/c mice. Environ Sci Pollut
Res Int. (2019) 26:7540-9. doi: 10.1007/s11356-019-04219-w

28.Shiue 1. Urine phthalate concentrations are higher in people with stroke:
United States National Health and nutrition examination surveys (NHANES),
2001-2004. Eur J Neurol. (2013) 20:728-31. doi: 10.1111/j.1468-1331.2012.03862.x

29. Zhang H, Chen J, Chen C, Wan H, Chen Y, Wang Y, et al. Exposure to phthalates
and cardiovascular diseases in Chinese with type 2 diabetes. Environ Sci Pollut Res Int.
(2021) 28:58113-22. doi: 10.1007/s11356-021-14807-4

30.Silva MJ, Samandar E, Preau JL, Reidy JA, Needham LL, Calafat AM.
Quantification of 22 phthalate metabolites in human urine. ] Chromatogr B
Analyt  Technol Biomed Life Sci. (2007) 860:106-12. doi: 10.1016/j.
jchromb.2007.10.023

Frontiers in Public Health

10

10.3389/fpubh.2023.1178057

31. Goodman M, Lakind JS, Mattison DR. Do phthalates act as obesogens in humans?
A systematic review of the epidemiological literature. Crit Rev Toxicol. (2014) 44:151-75.
doi: 10.3109/10408444.2013.860076

32. Rubin RJ, Jaeger R]. Some pharmacologic and toxicologic effects of di-2-ethylhexyl
phthalate (DEHP) and other plasticizers. Environ Health Perspect. (1973) 3:53-9. doi:
10.1289/ehp.730353

33. Posnack NG, Swift LM, Kay MW, Lee NH, Sarvazyan N. Phthalate exposure
changes the metabolic profile of cardiac muscle cells. Environ Health Perspect. (2012)
120:1243-51. doi: 10.1289/ehp.1205056

34. Rocha BA, Asimakopoulos AG, Barbosa F Jr, Kannan K. Urinary concentrations of
25 phthalate metabolites in Brazilian children and their association with oxidative DNA
damage. Sci Total Environ. (2017) 586:152-62. doi: 10.1016/j.scitotenv.2017.01.193

35.Duan Y, Wang L, Han L, Wang B, Sun H, Chen L, et al. Exposure to phthalates
in patients with diabetes and its association with oxidative stress, adiponectin, and
inflammatory cytokines. Environ Int. (2017) 109:53-63. doi: 10.1016/j.
envint.2017.09.002

36. Dong R, Chen JS, Zheng JH, Zhang MR, Zhang H, Wu M, et al. The role of
oxidative stress in cardiometabolic risk related to phthalate exposure in elderly diabetic
patients from Shanghai. Environ Int. (2018) 121:340-8. doi: 10.1016/j.envint.2018.09.028

37. Fromme H, Bolte G, Koch HM, Angerer J, Boehmer S, Drexler H, et al. Occurrence
and daily variation of phthalate metabolites in the urine of an adult population. Int ] Hyg
Environ Health. (2007) 210:21-33. doi: 10.1016/j.ijheh.2006.09.005

38. Calafat AM, McKee RH. Integrating biomonitoring exposure data into the risk
assessment process: phthalates [diethyl phthalate and di(2-ethylhexyl) phthalate] as a
case study. Environ Health Perspect. (2006) 114:1783-9. doi: 10.1289/ehp.9059

39. Teitelbaum SL, Britton JA, Calafat AM, Ye X, Silva M]J, Reidy JA, et al. Temporal
variability in urinary concentrations of phthalate metabolites, phytoestrogens and
phenols among minority children in the United States. Environ Res. (2008) 106:257-69.
doi: 10.1016/j.envres.2007.09.010

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1178057
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1113/jphysiol.2002.036582
https://doi.org/10.1186/s12940-019-0458-6
https://doi.org/10.1016/j.scitotenv.2017.09.009
https://doi.org/10.1016/j.scitotenv.2017.09.009
https://doi.org/10.1016/j.ijheh.2018.09.005
https://doi.org/10.1016/j.envres.2021.111764
https://doi.org/10.1007/s11356-019-04219-w
https://doi.org/10.1111/j.1468-1331.2012.03862.x
https://doi.org/10.1007/s11356-021-14807-4
https://doi.org/10.1016/j.jchromb.2007.10.023
https://doi.org/10.1016/j.jchromb.2007.10.023
https://doi.org/10.3109/10408444.2013.860076
https://doi.org/10.1289/ehp.730353
https://doi.org/10.1289/ehp.1205056
https://doi.org/10.1016/j.scitotenv.2017.01.193
https://doi.org/10.1016/j.envint.2017.09.002
https://doi.org/10.1016/j.envint.2017.09.002
https://doi.org/10.1016/j.envint.2018.09.028
https://doi.org/10.1016/j.ijheh.2006.09.005
https://doi.org/10.1289/ehp.9059
https://doi.org/10.1016/j.envres.2007.09.010

	Association of urinary phthalate metabolites with all-cause and cardiovascular disease mortality among adults with diabetes mellitus: National Health and Nutrition Examination Survey 2005–2014
	1. Introduction
	2. Materials and methods
	2.1. Study population and design
	2.2. Measurement of urinary phthalate metabolites
	2.3. Definition of diabetes and covariates
	2.4. Mortality
	2.5. Statistical analysis

	3. Results
	3.1. Characteristics of the study participants
	3.2. Level of sample-weighted, creatinine-standardized urinary phthalate metabolite
	3.3. Associations of urinary phthalates with diabetes mellitus
	3.4. Associations of phthalates with all-cause and CVD mortality in participants with DM and non-DM

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

