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Background: Phthalates are ubiquitous industrial chemicals used as plasticizers in plastics made of
polyvinyl chloride (PVC) to confer ﬂexibility and durability. They are also present in products used for
personal-care, industry and in medical devices. Phthalates have been associated with several adverse
health effects, and recently it has been proposed that exposure to phthalates, could have an effect on
metabolic homeostasis. This exploratory cross-sectional study evaluated the possible association
between phthalate exposure and self-reported diabetes among adult Mexican women.
Methods: As part of an on-going case-control study for breast cancer, only controls were selected,
which constituted 221 healthy women matched by age (7 5 years) and place of residence with the
cases. Women with diabetes were identiﬁed by self-report. Urinary concentrations of nine phthalate
metabolites were measured by online solid phase extraction coupled to high performance liquid
chromatography-isotope-dilution tandem mass spectrometry.
Results: Participants with diabetes had signiﬁcantly higher concentrations of di(2-ethylhexyl) pththalate (DEHP) metabolites: mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) and mono(2-ethyl-5-carboxypentyl) phthalate (MECPP) but lower levels of
monobenzyl phthalate (MBzP) a metabolite of benzylbutyl phthalate, compared to participants without
diabetes. A marginally signiﬁcant positive associations with diabetes status were observed over tertiles
with MEHHP (ORT3 vs. T1 ¼ 2.66; 95% CI: 0.97–7.33; p for trend ¼0.063) and MEOHP (ORT3 vs. T1 ¼ 2.27;
95% CI; 0.90–5.75; P for trend ¼ 0.079) even after adjusting for important confounders.
Conclusions: The results suggest that levels of some phthalates may play a role in the genesis of
diabetes.
& 2011 Elsevier Inc. All rights reserved.
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1. Introduction1
Phthalates are ubiquitous industrial chemicals used as plasticizers
in plastics made of polyvinyl chloride to confer ﬂexibility and
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durability. Plastics containing phthalates have numerous utilities
and may be used to wrap and preserve food, in construction industry,
medical devices and pharmaceuticals. Phthalates are also present in
daily used products, such as personal-care-products (i.e., perfumes,
lotions and cosmetics), paints, lacquers and varnishes (ATSDR, 1995,
1997, 2001, 2002; NTP-CERHS, 2003). Humans metabolize phthalates
easily and excrete them in the urine within 24–48 h after exposure.
The continuous exposure to phthalates has created interest in their
possible effects on human health based on evidence from animal and
human studies (Hauser and Calafat, 2005; Swan, 2008).

(footnote continued)
phthalate (MEHHP); mono(2-ethyl-5-oxohexyl) phthalate (MEOH); mono(2-ethyl5-carboxypentyl) phthalate (MECPP); and mono(3-carboxypropyl) phthalate
(MCPP); body mass index (BMI); waist circumference (WC); waist/hip ratio
(WH); limit of detection (LOD).
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Phthalates have been associated with several adverse human
health effects (Swan, 2008; Hauser et al., 2006), and recently it
has been proposed that exposure to environmental chemicals,
such as phthalates, could have an effect on metabolic homeostasis
increasing the risk for obesity (Desvergne et al., 2009). Two recent
studies, based on cross-sectional data from the National Health
and Nutrition Examination Survey (NHANES) 1999–2002 in the
United States, suggest that exposure to phthalates could be a risk
factor for obesity. One of the ﬁrst study in humans reported that
exposure benzylbutyl phthalate (BzBP) and di(2-ethylhexyl)
phthalate (DEHP) as suggested from the urinary concentrations
of their corresponding phthalate metabolites, speciﬁcally monobenzyl phthalate (MBzP), mono(2-ethyl-5-hydroxylhexyl) phthalate (MEHHP) and mono(2-ethyl-5-oxohexyl) phthalate (MEOHP),
was associated with an increase in BMI, and that urinary concentrations of monoethyl phthalate (MEP), monobutyl phthalate
(MBP) and MBzP were associated with insulin resistance (HOMA)
(Stahlhut et al., 2007). The other study, also found an association
between the urinary concentrations of MBzP, with an increase in
BMI and waist circumference, as well as positive associations with
the urinary concentrations of MEP, MEHHP and MEOHP (Hatch
et al., 2008).
A possible way of how phthalates could have an effect on the
human metabolism is presented by Grün and Blumberg (2007).
This mechanism proposes phthalate exposure could be linked to
obesity through nuclear receptors peroxisome-proliferatoractivated receptors (PPAR’s), speciﬁcally with PPARg, which has
an important role in adipogenesis and lipid storage. Given that
obesity is a major risk factor for diabetes, the PPAR’s could be a
link for which phthalates may be a risk for diabetes.
Mexico occupies the ﬁfth position on prevalence of diabetes
with 10.7% among the general population (Secretaria de Salud,
Encuesta Nacional de Enfermedades Crónicas, 2005). Besides well
known risk factors for diabetes, such as genetic predisposition,
lack of physical activity, unhealthy diet and obesity (ADA, 2008),
and other environmental factors could affect this risk. The current
literature leads us to the question of whether phthalate exposure
could be a contributing risk factor for diabetes development.
Therefore, this exploratory cross-sectional study intends to determine if there is an association between phthalate exposure and
self-reported diabetes among adult Mexican women.
2. Material and methods
2.1. Study population
As part of an on-going population based case-control study for breast cancer,
the ﬁrst recruited controls were selected for this report, which constitutes 221
healthy women, with no history of cancer that were individually matched by age
(7 5 years) and place of residence with the index case. More detailed information
about design and methods is published elsewhere (López-Carrillo et al., 2010).
Brieﬂy, controls were identiﬁed through the master sampling framework used in
national health surveys in Mexico. A probabilistic selected list of blocks in the
study area was available. Within each block, interviewers randomly identiﬁed a
household. If there was more than one eligible woman in a home, one participant
was randomly chosen. Otherwise, if no eligible woman was found in a household,
or if she declined to participate in the study, another home was systematically
located according to the survey procedures employed in national surveys (TapiaConyer et al., 1992). The response rate (participants/eligible) was 99.55%. This
study was approved by the IRB committee from the National Institute of Public
Health (INSP) of Mexico.
2.2. Interviews and urine sample collection
After signing the informed consent, participants were interviewed face-to-face
by trained personnel to obtain information about socio-demographic characteristics; clinical, reproductive history (parity, lactation, etc.) and medical family
history; dietary patterns and anthropometric measures. Women with diabetes
were identiﬁed by self-report to the question ¿Le han diagnosticado alguna vez una
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o varias de las siguientes enfermedades: Diabetes, enfermedad benigna de mama, etc.?
(‘‘Have you ever been diagnosed with one or several of the following diseases:
Diabetes, benign breast disease, etc.?’’). On the day of the household interview, a
ﬁrst morning void urine sample of each woman was collected in a sterile
disposable polypropylene urine collection cup (polypropylene plastics have not
been reported to contain detectable levels of phthalates). Samples were refrigerated and shipped to the Mexico National Institute of Public Health where they
were stored at  70 1C until they were aliquoted.

2.3. Assessment of urinary phthalate metabolite concentrations
An aliquot of 4-mL was prepared in a cryovial (Simports) and stored frozen at
or below  20 1C until shipment to the US Centers for Disease Control and
Prevention (CDC) (approximately 4 months on average).
At the CDC, samples were kept frozen at or below  40 1C until analyzed. The
urinary concentrations of nine phthalate metabolites: MEP, mono-n-butyl phthalate (MBP), monoisobutyl phthalate (MiBP), MBzP, mono(2-ethylhexyl) phthalate
(MEHP), MEHHP, MEOHP, mono(2-ethyl-5-carboxypentyl) phthalate (MECPP),
and mono(3-carboxypropyl) phthalate (MCPP), were measured according to the
methodology published elsewhere that includes online solid phase extraction
coupled to high performance liquid chromatography-isotope-dilution tandem
mass spectrometry (Kato et al., 2005). Phthalate metabolite concentrations were
adjusted for urine dilution by creatinine levels according to a previously detailed
methodology (Barr et al., 2005). Concentrations below the limit of detection (LOD)
were assigned a value equal to half the LOD (LOD/2) for the analysis.

2.4. Statistical analysis
The geometric means of the phthalates metabolites concentrations, as well as
socio-demographic characteristics and anthropometric measures, were compared
between participants with diabetes and without diabetes using the t-Student test
or Mann–Whitney for continuous variables and w2 test for categorical variables.
Metabolites concentrations were log-transformed to improve normality and
correlations between them were assessed by means of the Spearman correlation
coefﬁcients. Also, among women who did not report diabetes, Spearman correlation coefﬁcients were estimated between the phthalate metabolites and BMI,
waist circumference (WC), waist/hip (WH) ratio, age and education.
The association between urinary concentrations of phthalates metabolites
(continuous) and diabetes was assessed by multivariate logistic regression models
that were adjusted by creatinine, as recommended by Barr et al. (2005), as well as
the variables that were signiﬁcantly correlated to the speciﬁc phthalate metabolite
among healthy women. The analysis was performed using the Stata 10 statistical
software (StataCorp., 2005).

3. Results
The average age in the total study population was 54 years and
the mean number of school-years was 6 (data not included in the
table). From the 221 women selected for this study 39 participants reported having diabetes (17.4%). They were signiﬁcantly
older, less educated and more obese compared to participants
without diabetes (age: 60.5 vs. 52.4 years; education 4.1 vs.
6.1 years; WH ratio: 0.94 vs. 0.91) (Table 1).
Phthalate metabolites concentrations were detected in most of
the participants with a range of 83% (MEHP) to 100% (MEP, MBP
and MECPP). As it was expected, Spearman correlation coefﬁcients indicated moderate to strong associations between the
urinary concentrations of the DEHP metabolites (0.66–0.97), and
between the major (MBP) and minor (MCPP) metabolites of di-nbutyl phthalate (r: 0.62) (data not shown). Correlations between
age, education and anthropometric measures with phthalate
metabolites are shown in Table 2.
Creatinine adjusted urinary concentrations of phthalate metabolites varied by diabetes status. Participants with diabetes had
signiﬁcantly higher concentrations of DEHP metabolites (MEOHP,
MECPP and their sum) and MCPP, as well as lower concentrations
of MBzP, compared to participants without diabetes (Table 3).
Borderline signiﬁcant increased risks for diabetes were
observed in relation to DEHP metabolites except MEHP in contrast to the decreased risk that resulted with MBzP concentration
(Table 4).
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Table 1
Selected characteristics of the study population.
Characteristics

Table 3
Geometric means for creatinine adjusted urinary phthalates metabolitesa by
diabetes status.
P-valuea

Diabetes

Age (years)
Education (years)

Yes (n ¼39)
Mean7 SD

No (n¼ 182)
Mean7 SD

60.57 8.5
4.17 2.8

52.47 12.8
6.17 3.4

Parent compounds
and metabolites

o0.001
0.002

Family history of diabetes [n (%)]
No
22 (56.4)
Yes
17 (43.6)

124 (68.1)
58 (31.9)

0.161

BMI (kg/m2)

29.27 6.2

0.921

28.9 74.6

BMI categories (kg/m2) [n (%)]
Normal weight (o 25.0)
11 (28.2)
Overweight (25.0–29.9)
10 (25.6)
Obese (Z 30.0)
18 (46.2)

49 (26.9)
60 (33.0)
73 (40.1)

0.654

WC (cm)
WH ratio

98.67 13.3
0.917 0.08

0.055
0.001

a

103.07 11.2
0.947 0.07

2

w for categorical variables, and Mann-Whitney test for continuous.

Table 2
Spearman correlation coefﬁcientsn between phthalate metabolites and obesity
indicators in subjects without diabetes (n¼182).

Yes (n¼ 39)

No (n¼ 182)

DEP
MEP

101.37 2.7

108.0 7 3.4

0.379

DBP
MBP

82.37 2.7

82.5 7 2.6

0.495

DiBP
MiBP

7.97 2.1

9.1 7 2.3

0.164

BBzP
MBzP

3.87 3.9

7.0 7 2.9

0.001

DOP
MCPP

4.57 2.0

4.0 7 2.3

0.011

5.37 3.2
62.37 2.1
41.47 2.2
100.37 2.1
213.4 7 2.1

5.0 7 2.5
46.2 7 2.1
31.9 7 2.1
75.3 7 2.0
161.6 7 2.0

0.203
0.382
0.012
0.021
0.012

DEHP
MEHP
MEHHP
MEOHP
MECPP
P
DEHP

GM, Geometric mean; SD, Standard deviation.
a
n

Parent compounds BMI
(kg/m2)
and metabolites
(lg/g creatinine)
DEP
MEP

WC (cm)

WH ratio Age
(years)

P-valuen

Diabetes

Metabolite concentration divided by creatinine (  10  4).
Student t-test, P-valueo 0.05.

Education
(years)
Table 4
Odds ratios for log transformed urinary phthalates metabolites concentration and
self-reported diabetes.

 0.0473  0.0361

 0.0414

 0.0012

0.1481n
Crudea
Parent
compounds
(95%CI)
and metabolites OR

Adjustedb

DBP
MBP

0.0249  0.0478

 0.0020

0.0111

0.1916n

DiBP
MiBP

0.0457

0.0151

 0.0156

 0.1281

0.1721n

BBzP
MBzP

DEP
MEP

0.95 (0.69–1.29) 0.723

1.02 (0.74–1.39) 0.915

0.0059  0.0063

0.0883

 0.0750

0.2372n

DBP
MBP

0.98 (0.68–1.42) 0.928

1.10 (0.75–1.61) 0.638

0.0931

DiBP
MiBP

0.94 (0.62–1.43) 0.776

1.01 (0.65–1.55) 0.977

0.1601n
 0.1198
 0.0632
 0.0652
 0.0769

BBzP
MBzP

0.73 (0.55–0.97) 0.032

0.74 (0.55–1.00)

0.051

DOP
MCPP

1.21 (0.80–1.83) 0.367

–

–

–

DEHP
MEHP
MEHHP
MEOHP
MECPP
P
DEHP

0.96
1.62
1.58
1.70
1.66

1.01
1.40
–
1.54
1.64

(0.68–1.49)
(0.84–2.33)
–
(0.92–2.55)
(0.98–2.73)

0.960
0.200
–
0.097
0.060

DOP
MCPP

 0.0686  0.0475

0.0728

DEHP
MEHP
MEHHP
MEOHP
MECPP
P
DEHP

 0.0668  0.0236
0.0666
0.1843n
 0.0111
0.0865
0.0301
0.1302
0.0354
0.1427

0.0336  0.1270
0.1982n
0.1726n
0.1123
0.0982
0.1235
0.1502n
0.1498n
0.1437

n

0.0627

P-value o0.05.

4. Discussion
To our knowledge, this is the ﬁrst study evaluating phthalate
exposure and diabetes status, and suggests that some phthalates
might inﬂuence diabetes status.
Our results are consistent with previous analyses of a crosssectional dataset in the United States that found that the urinary
concentrations of several phthalate metabolites were associated
with metabolic effects (Stahlhut et al., 2007; Hatch et al., 2008).
The previous studies suggested exposure to phthalates were
related to increased insulin resistance, which is a risk factor for
metabolic disorders such as diabetes. Furthermore, it has been
seen that exposure to phthalates may reduce the insulin levels in
fetal rats (Boberg et al., 2008), which may lead to insulin
resistance in adulthood (Holemans et al., 2003) and be a risk for
diabetes.
It is widely accepted that obesity is a risk factor for diabetes as
well as for other chronic diseases. An increase in obesity affects
the balance of metabolism in the body reducing the insulin

(0.65–1.41)
(1.01–2.59)
(0.98–2.54)
(1.04–2.77)
(1.01–2.73)

P valuea OR

0.835
0.046
0.062
0.033
0.044

(95%CI)

P valuea

OR, Odds Ratio; 95%CI: 95% Conﬁdence Interval.
a

Including creatinine concentration as an independent variable.
Adjusted by: creatinine and education (MEP, MBP, MiBP, MBzP, and MEHP):
creatinine and age (MEHHP and MECPP); creatinine and WH ratio (MEHHP and
P
DEHP).
b

sensitivity and can ﬁnally lead to diabetes (ADA, 2008; Aschner,
2010) The participants in this present study were generally
overweight and might have inﬂuenced their current diabetes
status, however, we did not ﬁnd signiﬁcant correlations between
phthalate concentrations and obesity, measured by BMI, thus, it is
unlikely that obesity be on the casual pathway that may explain
our results.
In this regard, it is important to mention that, previous crosssectional epidemiological studies found that the urinary concentrations of MEHHP and MEOHP were associated with increased
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BMI and/or waist circumference (WC) in adult males (Stahlhut
et al., 2007; Hatch et al., 2008). Results from in vitro studies suggest
that phthalates have the ability to activate peroxisome-proliferator-activated receptors (PPAR’s) and also induce PPARg-dependent
adipogenesis (Hurst and Waxman, 2003; Bility et al., 2004; Feige
et al., 2007). The PPARg plays a major role in the regulation of
adipogenesis, insulin sensitivity, and lipid storage (Auwerx, 1999;
Desvergne et al., 2009; Casals-Casas et al., 2008). According to the
mechanism proposed by Grün and Blumberg (2007), MEHP the
hydrolytic metabolite of DEHP can activate the PPARg and therefore increase the risk for obesity. There is no information that
evaluates if the other DEHP metabolites (MEHHP and MEOHP) also
activate PPARg, but recent results consistently suggest that DEHP
do not protect against weight gain through PPARa activation, but
rather promotes obesity in humanized mice, where the PPARg
plays a fundamental role (Feige et al., 2010).
Also, both Hatch et al. (2008) and Stahlhut et al. (2007), found
associations between urinary concentrations of DEHP metabolites
and obesity only among the males. The fact that DEHP metabolites are associated with obesity in males may be the consequence
of their anti-androgenic effect that reduce levels of free testosterone (Swan, 2008; Pan et al., 2006; Main et al., 2006) and an
alteration in adipose tissue (Kapoor et al., 2006). Therefore, the
anti-androgenic effect of the DEHP metabolites may explain an
increase in weight among men but not in women.
An alternative explanation of our results, would be a direct
effect of DEHP metabolites on the glucose homeostasis. It has
been seen that rats being administered DEHP at low levels during
a short period had changes in their blood, such as decreased
serum insulin, cortisol and liver glycogen, and increased blood
glucose (Gayathri et al., 2004). A similar effect was seen in liver
cells, when they were exposed to DEHP, resulting in reduced
insulin receptor concentration and glucose oxidation (Rengarajan
et al., 2007). These studies implicate that exposure to DEHP may
results in diabetes symptoms. Although these effects have yet
been seen among humans it might be another possible explanation for DEHP exposure being associated with diabetes status.
Some methodological considerations should be taken into
account to interpret the results of this exploratory study. First,
diabetes status was self-reported, and it is likely that some women
with pre-diabetes or diabetes were misclassiﬁed as non-diabetic,
which may underestimate the real prevalence of the disease.
However, According to the Mexico Health Nutrition National
Survey, the prevalence of diabetes in women 50–69 years of age
is 17.7% in the country that is almost the same as the one we
obtained in this study sample (Olaiz-Fernández et al., 2006).
Second, the small sample precluded us to ﬁnd other statistical
associations that may in fact exists and also increased the
likelihood of detecting chance ﬁndings, that might be the case
of the higher concentrations of MBzP among participants without
diabetes.
Third, phthalate metabolites were measured by one-time urine
sample to evaluate exposure, which is the most common way of
evaluating phthalates exposure over time. The human body
metabolizes phthalates rather quickly (24–48 h) and even if
metabolites have been found in other body ﬂuids (i.e., serum,
blood, breast milk, saliva, seminal plasma and amniotic ﬂuid) the
major part is excreted through urine (Hauser and Calafat, 2005).
The variability of phthalate exposure can vary in time from
changes in use of personal care products, diet, or daily activities
(Hauser and Calafat, 2005; Fromme et al., 2007). Still, most of the
studies on variability suggest the exposure patterns are stable
enough to permit the measure of exposure through urine and may
represent one month exposure (Hoppin et al., 2002; Hauser et al.,
2004; Peck et al.,2010). Even with the short half-lives of phthalate, urinary concentrations of phthalate metabolites been proven
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to be a good biomarker for phthalate exposure over time
(Teitelbaum et al., 2008).
However, despite its limitations this study is valuable as a
precursor to future studies that could conﬁrm these results. Longitudinal epidemiological studies should take into account the
variability of exposure to phthalates over time performing more
than one test at 1–3 months in between for more accuracy (Hoppin
et al., 2002; Hauser et al., 2004; Fromme et al., 2007; Teitelbaum
et al., 2008; Peck et al., 2010; Adibi et al., 2008). It is also
recommended that future studies conﬁrm the status of diabetes
by standardized test that measure blood glucose levels. Finally,
further toxicological studies are needed to clarify the proposed
pathways in which phthalate metabolite may inﬂuence the development of diabetes.

5. Conclusion
Exposure to DEHP might play a role in diabetogenesis. This is
an incipient research that deserves further attention and longitudinal studies are warranted to conﬁrm the relationship
between exposure to some phthalates and diabetes.
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Salud y Nutrición, 2006. Cuernavaca, México: Instituto Nacional de Salud
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