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Silent Spring to Silent Sperm?

3
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Presentation Notes
Silent spring/by Rachel Carson; drawings by Lois and Louis Darling Boston: Houghton Mifflin; Cambridge, Mass.: Riverside Press, 1962.
The book documented detrimental effects of pesticides on the environment, particularly on bird. Carson said that DDT had been found to cause thinner egg shells and result in reproductive problems and death. She also accused the chemical industry of spreading disinformation, and public officials of accepting industry claims uncritically.
DDT為有機氯殺蟲劑，於二次世界大戰廣泛使用，用於黃熱病、瘧疾、登革熱的傳染病的預防，但因其生物累積效應造成生態破壞，在已開發國家多已禁用。在台灣於民國38年引進，民國62年禁用。健康危害有生物累積效應、鳥類蛋殼變薄、懷疑與癌症（乳癌、血癌、胰臟癌）的關係、 對中樞神經系統的影響、生殖方面的危害。
Our Stolen Future/ by Theo Colborn, Dianne Dumanoski, and John Peterson Myers, 1996
The book Our Stolen Future brought world-wide attention to scientific discoveries about endocrine disruption and the fact that common contaminants can interfere with the natural signals controlling development of the fetus.





Numbers of Type 2 Diabetes



Future Research Questions:
1. What is the overall health burden of these chemicals with 

long-term, cumulative exposure over a life-time, versus 
short-term use?

2. What proportion of susceptibility to obesity is explained 
by chemicals in the environment

2010 September



Environmental Factors of Type 2 
Diabetes

• Smoking
• Arsenic
• PCBs
• POPs
• Phthalates
• Bisphenol A

Environ Health Perspect  2012 Review



. 

Arsenic and Diabetes
Environ Health Perspect  2012 Review



PCBs and Diabetes Mellitus Environ Health Perspect  
2012 Review



Polychlorinated Biphenyls and Dibenzofurans
1978~1979

• About 2,000 Yucheng (oil-disease) victims 
were Taiwanese people exposed to 
polychlorinated biphenyls (PCBs) and 
their heat-degradation products, mainly 
polychlorinated dibenzofurans (PCDFs), 
from the ingestion of contaminated rice 
oil in 1978-79.

• OR of 5.5 for DM and 3.5 for hypertension 
for Yucheng women 24 years later

Wang SL and Kuo YL. 

Presenter
Presentation Notes
A Yucheng victim manifested with chloracne.





Figure 1. 
Bisphenol A and carotid intima-media thickness
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Environmental Exposures That Affect the 
Endocrine System

• Pesticides (insecticides such as o,p'-DDT, endosulfan, dieldrin, 
methoxychlor, kepone, dicofol, toxaphene, chlordane; herbicides 
such as alachlor, atrazine and nitrofen; fungicides such as 
benomyl, mancozeb and tributyl tin; nematocides such as 
aldicarb and dibromochloropropane)

• Industrial chemicals (polychlorinated biphenyls (PCBs), dioxin 
and benzo(a)pyrene)

• Brominated flame retardants (polybrominated diphenyl ethers, 
PBDEs)

• Perfluoroalkylated substances
• Products associated with plastics (bisphenol A, phthalates)
• Ordinary household products (breakdowns products of 

detergents and associated surfactants, including nonylphenol
and octylphenol); 

• Pharmaceuticals (drug estrogens - birth control pills, 
diethylstilbestrol (DES), cimetidine)

• Heavy metals (lead, mercury, arsenic , cadmium, and tin) 13

Persistent Organic Pollutants (POPs)

Presenter
Presentation Notes
What are POPs?
Persistent Organic Pollutants (POPs) are organic chemical substances, that is, they are carbon-based. They possess a particular combination of physical and chemical properties such that, once released into the environment, they:
(1) remain intact for exceptionally long periods of time (many years);
(2) become widely distributed throughout the environment as a result of natural processes involving soil, water and, most notably, air;
(3) accumulate in the fatty tissue of living organisms including humans, and are found at higher concentrations at higher levels in the food chain; and
(4) are toxic to both humans and wildlife. 
Initial 12 POPs:
Pesticides: aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene, mirex, toxaphene;
Industrial chemicals: hexachlorobenzene, polychlorinated biphenyls (PCBs); and 
By-products: hexachlorobenzene; polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/PCDF), and PCBs.
Nine New POPs:
Pesticides: chlordecone, alpha hexachlorocyclohexane, beta hexachlorocyclohexane, lindane, pentachlorobenzene;
Industrial chemicals: hexabromobiphenyl, hexabromodiphenyl ether and heptabromodiphenyl ether, pentachlorobenzene, perfluorooctane sulfonic acid, its salts and perfluorooctane sulfonyl fluoride, tetrabromodiphenyl ether and pentabromodiphenyl ether; and
By-products: alpha hexachlorocyclohexane, beta hexachlorocyclohexane and pentachlorobenzene.




Routes of Human Exposure to Some 
Common Environmental Chemicals

(Source: Sharpe & Irvine, 2004.)

http://bmj.bmjjournals.com/content/vol328/issue7437/images/large/shar106500.f3.jpeg


Phthalate Plasticizer Event in Taiwan 2011
A major incident of phthalate-contaminated foodstuffs happened in 
Taiwan between April and July, 2011. Phthalates were deliberately 
added to foodstuffs as a substitute of emulsifier (Clouding agent). 

Wu et al. Environ Int. 2012 Sep;44:75-9. The public health threat of phthalate-tainted 
foodstuffs in Taiwan: the policies the government implemented and the lessons we learned.

https://www.ncbi.nlm.nih.gov/pubmed/22361240
https://www.ncbi.nlm.nih.gov/pubmed/22361240


What is Phthalates?
• Phthalates are diesters of phthalic acids, a class of 

industrial chemicals extensively used since the 
early 20th century as softeners of plastics, 
solvents in perfumes, and additives to hairsprays 
and lubricants and as insect repellents.

• Di-2-ethylhexyl phthalate (DEHP) is used primarily 
as a plasticizer for polyvinyl chloride (PVC) and can 
therefore be found in a variety of products such as 
floor and wall coverings, vinyl gloves, toys, child 
care articles, food packaging materials, and 
medical devices (Green et al. 2005). 



Intake, absorption and excretion 
• Intake via food, food packaging and water, polluted dust
• After absorption, the parent diester phthalates are rapidly 

hydrolyzed to the corresponding monoesters, some of 
which are then further metabolized, with the metabolites 
excreted in urine and feces. In humans, phthalates are 
eliminated mostly within hours, with excretion complete 
by a day or two; half-lives in the body are in hours (Koch 
and Calafat 2009). 

• For phthalates with short alkyl chains, monoesters 
represent the major human metabolite, but in the case of 
phthalates with long alkyl chains, including DEHP, 
diisononyl phthalate (DINP) and diisodecyl phthalate 
(DIDP), the monoesters are further metabolized via ω-
and ω-1-oxidation of the aliphatic side chain (Agency for 
Toxic Substances and Disease Registry 2002).



Eating Phthaltes Everyday



Lifestyles and daily life 



Selected metabolites of di[2-ethylhexyl) phthalate) (DEHP) in humans: mono(2-ethylhexyl) 
phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-
oxohexyl) phthalate (MEOHP), and mono(2-ethyl-5-carboxypentyl) phthalate (MECPP).

Hauser R , and Calafat A M Occup Environ 
Med 2005;62:806-818
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 Selected metabolites of di[2-ethylhexyl) phthalate) (DEHP) in humans: mono(2-ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), and mono(2-ethyl-5-carboxypentyl) phthalate (MECPP).



Table 4 Phthalate concentrations in lunch meal under different heating conditions
Unit: μg/g

Treatment Sample no. DMP DEP DBP DEHP BBzP

Control 1 a 0.048±0.023 b 0.009±0.009 0.048±0.023 0.275±0.023 0.100±0.009

2 0.062±0.011 0.007±0.003 0.072±0.017 0.245±0.068 0.097±0.005

3 0.083±0.005 0.010±0.010 0.047±0.008 0.282±0.032 0.102±0.007

Mean±SD 0.064±0.018 0.009±0.002 0.056±0.014 0.267±0.020 0.100±0.003

Heating 1 c 1 0.117±0.024 0.229±0.260 1.914±1.084 2.113±0.389 ND (< 0.003)

2 0.156±0.009 0.274±0.274 3.124±0.311 3.428±1.118 0.129±0.223
3 0.105±0.020 0.036±0.018 0.513±0.236 3.223±0.830 0.214±0.134

Mean±SD 0.126±0.027 0.180±0.126 1.850±1.307 2.921±0.708 d 0.172±0.060

Heating 2 c 1 0.247±0.033 0.190±0.038 2.579±0.284 4.956±0.623 0.284±0.161

2 0.203±0.016 0.125±0.027 2.294±0.169 4.622±0.180 0.097±0.168

3 0.138±0.008 0.033±0.001 0.434±0.007 3.214±0.198 0.134±0.020

Mean±SD 0.196±0.055 e 0.116±0.079 1.769±1.615 4.264±0.925 f 0.172±0.099
a Tested in triplicate.  b Mean±SD.
c Heating 1: the food in bowl was not contacting plastic wrap during 3 min heating; 
heating 2: the food on plate was contacting plastic wrap during 3 min heating.

d Statistically different compared with control (P=0.009) (student t-test). e (P=0.013) (student t-test). f 
(P=0.001) (student t-test).

Chen et al. Environment International 34 (2008) 79–85

Heating Plastic Wrap release Phthalates 



Environ Health Perspect 2013; 121: 473-9. 



Comparison of Phthalate Food 
Concentrations, reported elsewhere

Environ Health Perspect 2013; 121: 473-9. 
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Evidence of Phthalates Exposure and 
Cardiovascular Risk Factors

• A growing number of reports show that phthalates are 
associated with cardiovascular disease risk factors. 

• Most studies are from the National Health and Nutrition 
Examination Survey (NHANES) data, with increased risk of 

• Obesity and altered glucose homeostasis (Huang et al. 2014; 
Stahlhut et al. 2007; Trasande et al. 2013)

• Diabetes mellitus (James-Todd et al. 2012; Lind et al. 2012) 
• Albuminuria (Trasande et al. 2014) 
• Higher systolic blood pressure (Trasande et al. 2013) 
• Inflammation markers including absolute neutrophil counts, 

alkaline phosphatase and ferritin levels (Ferguson et al. 2012), 
and CRP (Ferguson et al. 2011). 



• In this study, we test the possible 
associations between endothelial and 
platelet microparticles and phthalates 
exposure in adolescents and young adults. 



Microparticles and Atherosclerosis
• Atherosclerosis, which predisposes to CVD, is often 

accompanied by endothelial dysfunction and associated 
endothelium injury. 

• Cell apoptosis, inflammatory activation occurring during 
atherosclerosis development induce the formation of 
microparticles.

• The attachment of monocytes to the endothelium, 
followed by their migration into the intima, is a crucial 
step in the development of atherosclerotic lesions 
(Lutterotti et al. 2006). 

• Because CD31 was expressed on apoptotic platelet and 
endothelial cells and CD42a was expressed only on 
apoptotic platelet cells, CD31+/CD42a− was defined as a 
marker on endothelial microparticles (EMPs) that were 
shed from apoptotic endothelial cells (Dignat-George and 
Boulanger 2011)





Endothelial microparticles

• Microparticles are small vesicles, between 0.1 and 1 μm in diameter. 
• Microparticles concentrations are increased in patients with 

cardiovascular risk factors after cardiovascular events (Baron, 2012). 
• A recent study has focused on endothelial microparticles (EMPs) 

and platelet microparticles (PMPs) as emerging surrogate markers 
of chronic endothelial dysfunction (Werner et al. 2006). 



Fina Lovren, Subodh Verma.  Evolving Role of Microparticles in the Pathophysiology 
of Endothelial Dysfunction. Clin Chem 2013; 59:1166-74. 



Methods
• The endothelial microparticles (EMPs), platelet 

microparticles (PMPs) and CD14 were measured with a 
flow cytometer method (Chirinos et al. 2005). 

• In brief, the microparticles were measured 
simultaneously in citrated serum by a pair of 
fluorescent monoclonal antibodies: phycoerythrin-
labeled anti-CD31, fluorescein isothiocyanate-labeled 
anti CD42a and fluorescein isothiocyanate-labeled anti 
CD14 (BD bioscience). The values of the microparticles 
are reported as counts/µL. 

• Urinary metabolites of phthalates were measured by 
standard method with LC-MS/MS system. 



From 2006 to 2008 we established a cohort, the YOung TAiwanese Cohort (YOTA) 
Study, based on students with and without childhood EBP selected from the 
1992-2000 mass urine screening population (Su, et al. JAT 2014 Nov.).



Table 1. Geometric mean and standard deviation of urinary 
phthalates metabolites concentration by quartile distribution of 

CD31+/CD42a- (Endothelial microparticles) 

Data was Geometric mean and standard deviation. Unit of urinary phthalates metabolites is µg/g creatinine.
P-value 1 is Kruskal Wallis test for medians.
P-value 2 is for Endothelial microparticles quartile 4 compared with Endothelial microparticles quartile 1.
P-value 3 is test for trend. 

CD31+/CD42a-
< 64

N=215
64-174
N=195

174-406
N=182

≥ 406
N=173

P-value 1 P-value 2 P-value 3

Creatinine adjusted

MEHP 2.80±11.1 2.63±12.3 4.43±12.3 19.76±7.96 <.001 <.001 <.001

MEHHP 26.60±2.5 26.40±2.6 24.42±2.1 25.72±2.44 0.731 0.256 0.095 

MEOHP 16.22±2.7 17.12±2.3 15.24±2.3 15.73±2.26 0.695 0.096 0.045 

∑DEHP 53.34±2.5 53.89±2.5 56.87±2.3 85.21±2.22 <.001 0.001 0.001 

MMP 7.42±2.03 7.01±2.10 7.59±1.94 7.67±2.12 0.776 0.397 0.362 

MEP 31.43±3.6 29.95±3.4 33.44±3.2 31.81±3.43 0.912 0.493 0.637 

MnBP 21.01±2.4 34.0±2.53 40.62±2.4 48.82±2.32 <.001 0.001 0.001 

MBzP 1.93±2.86 1.90±3.05 1.87±2.93 1.97±3.08 0.879 0.888 0.832 

MiNP 0.46±2.05 0.50±2.40 0.49±2.39 0.72±3.30 0.006 <.001 <.001 
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Figure 1. Geometric mean and standard deviation of urinary 
phthalates metabolites concentration by quartile distribution of 

CD31+/CD42a-UR (Endothelial microparticles) 

Data was Geometric mean and standard deviation. Unit of urinary phthalates metabolites is µg/g creatinine.
P-value 1 is Kruskal Wallis test for medians.
P-value 2 is for Endothelial microparticles quartile 4 compared with Endothelial microparticles quartile 1.
P-value 3 is test for trend. 
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Table 2. Geometric mean and standard deviation of urinary 
phthalates metabolites concentration by quartile distribution of 

CD31+/CD42a+ (Platelets microparticles)

Data was Geometric mean and standard deviation. Unit of urinary phthalates metabolites is µg/g creatinine.
P-value 1 is Kruskal Wallis test for medians.
P-value 2 is for Endothelial microparticles quartile 4 compared with Endothelial microparticles quartile 1.
P-value 3 is test for trend. 

CD31+/CD42a+
< 1220
N=211

1220-4247
N=194

4247-13110
N=184

≥ 13110
N=175

P-value 1 P-value 2 P-value 3

Creatinine adjusted

MEHP 1.98±11.11 5.81±11.10 6.13±12.03 8.17±12.59 <.001 <.001 <.001 

MEHHP 25.30±2.32 28.82±2.31 24.65±2.61 24.59±2.41 0.238 0.631 0.511 

MEOHP 15.75±2.26 17.31±2.66 15.73±2.45 15.63±2.20 0.355 0.731 0.587 

∑DEHP 50.01±2.30 64.57±2.43 61.95±2.38 67.77±2.54 0.002 0.001 0.003 

MMP 7.66±2.08 7.30±2.0 7.53±2.0 7.09±2.10 0.716 0.473 0.546 

MEP 34.51±3.49 28.83±3.34 30.72±3.14 32.37±3.61 0.730 0.651 0.500 

MnBP 34.50±2.48 38.69±2.49 41.71±2.43 36.94±2.35 0.441 0.577 0.389 

MBzP 1.94±2.95 2.04±2.72 1.93±2.73 1.73±3.54 0.486 0.875 0.667 

MiNP 0.44±1.98 0.53±2.62 0.54±2.51 0.64±3.02 0.015 <.001 0.003 



Figure 2. Geometric mean and standard deviation of urinary 
phthalates metabolites concentration by quartile distribution of 

CD31+/CD42a+  (Platelet microparticles) 

Data was Geometric mean and standard deviation. Unit of urinary phthalates metabolites is µg/g creatinine.
P-value 1 is Kruskal Wallis test for medians.
P-value 2 is for Endothelial microparticles quartile 4 compared with Endothelial microparticles quartile 1.
P-value 3 is test for trend. 
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Microparticles associated with 
cardiovascular risk factors



Figure 1. For every increase one Log-MEHP the increase of 
microparticles.
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Conclusions and Perspectives

• A clear positive association was found between 
urinary concentrations of MEHP and microparticles 
from endothelium and platelets in adolescents or 
young adults.

• This study provides the scientific evidence of 
atherogenic effects of DEHP phthalates exposure. 



Positive Association between MEHP and 
Insulin Resistance and Lower 

Testosterone Levels

Environmental Pollution 2017 June .



Su TC,  JAT 2014 Nov; 21:1170-1182.



Figure 2. Concentrations of creatinine adjusted urinary phthalate metabolites 
in 786 study subjects divided by quartiles of HOMA-IR indices.
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Figure 1. Descriptive analyses of basic characteristics of 786 study 
subjects divided by quartiles of HOMA-IR indices.

* p-value<0.05 for 1st quartile vs. 4th quartile.

*
*

Male p <0.001
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Figure 2. Glycemic indices change for every one unit increase 
in seven log-transformed urinary phthalate metabolites 
among adolescents and young adults. 

Fasting glucose Insulin HOMA-IR Male testosterong



MEHP Insulin Resistance↑

Male testosterone levels↓

(1)

(2) (3)

Fig. 2. Schematic interconnections between urinary MEHP 
metabolites, male testosterone, and insulin resistance in young adults. 
(1) Urinary MEHP metabolites are associated with increased insulin 
resistance. (2) Urinary MEHP metabolites are associated with lower 
male testosterone levels. (3) The male testosterone levels are 
inversely associated with increased insulin resistance.

Fig 2. Schematic interconnections between 
urinary MEHP, male testosterone, and insulin 

resistance in young adults



Discussions

• Urinary DEHP metabolite, MEHP associate with 
fasting insulin and HOMA-IR, independent of 
covariates in young adults.

• Those of low risk subjects are susceptible groups, 
such as women, non-HTN, No smoking, No alcohol, 
and non-APOE4 carriers.

• This study highlighted the diabetogenic potential 
of phthalates exposure.





8-OHdG was measured by LC-MS/MS



Figure 1. Algorithm used to select the participants. 

Lin and Su et al.  Scientific Reports 2017;7:44318 | DOI: 10.1038/srep44318



Ln 8-OHdG
(μg/g creatinine)

P value Ln 8-isoPGF2α
(μg/g creatinine)

P value

Ln ∑MEHP (µmol/g creatinine)
Model 1 0.000(0.020) 0.997 0.070(0.037) 0.060
Model 2 0.008(0.020) 0.694 0.065(0.037) 0.081
Ln MMP (μg/g creatinine)
Model 1 0.098(0.028) <0.001 0.251(0.050) <0.001
Model 2 0.096(0.028) 0.001 0.253(0.051) <0.001
Ln MiBP (μg/g creatinine)
Model 1 0.044(0.020) 0.029 0.069(0.037) 0.063
Model 2 0.044(0.020) 0.026 0.064(0.037) 0.084
Ln MEP (μg/g creatinine)
Model 1 0.024(0.017) 0.152 -0.005(0.031) 0.869
Model 2 0.021(0.017) 0.215 -0.003(0.031) 0.914
Ln MnBP (μg/g creatinine)
Model 1 0.028(0.022) 0.202 0.006(0.040) 0.878
Model 2 0.033(0.022) 0.141 -0.004(0.041) 0.914
Ln MBzP (μg/g creatinine)
Model 1 0.024(0.018) 0.178 0.076(0.033) 0.022
Model 2 0.022(0.018) 0.227 0.073(0.033) 0.029

Table 3. Linear regression coefficients (standard error) of 8-OHdG and 8-isoPGF2α
with a unit increase in natural log-transformed phthalate metabolintes in multiple 
linear regression models (n=751). 

∑MEHP, sum of (MEHP/278)+(MEHHP/294)+(MEOHP/292)
Model 1: adjusted for age and gender.
Model 2: adjusted for age, gender and other risk factors (smoking status, body mass index, systolic blood pressure, low density 
lipoprotein, triglyceride, and homeostasis model assessment of insulin resistance).

Lin and Su et al.  Scientific Reports 2017;7:44318 | DOI: 10.1038/srep44318



Figure 3-1. Linear regression coefficients (standard error) of 8-OHdG and 8-
isoPGF2α with a unit increase in natural log-transformed phthalate 
metabolites in multiple linear regression models. 

Model 1: adjusted for age and gender.
Model 2: adjusted for age, gender and other risk factors (smoking status, body mass index, systolic blood pressure, low density lipoprotein, 
triglyceride, and homeostasis model assessment of insulin resistance).
p-value: * <0.05, † <0.01, ‡ <0.005.

Ln MMP

‡

‡

‡

‡
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Figure 3-2. Linear regression coefficients (standard error) of 8-OHdG and 8-
isoPGF2α with a unit increase in natural log-transformed phthalate 
metabolites in multiple linear regression models (n=751). 

Model 1: adjusted for age and gender.
Model 2: adjusted for age, gender and other risk factors (smoking status, body mass index, systolic blood pressure, low density lipoprotein, 
triglyceride, and homeostasis model assessment of insulin resistance).
p-value: * <0.05, † <0.01, ‡ <0.005.

Ln MBzP

**

Lin and Su et al.  Scientific Reports 2017;7:44318 | DOI: 10.1038/srep44318



Associations between urinary 
phthalate metabolites and subclinical 

atherosclerosis in adolescents and 
young adults

Stroke 2017; under revision



Su et al.,  J Atheroscl T hromb2014; 21:1170-1182.



Carotid  bulb

Internal carotid 
artery

Common 
Carotid  
artery

Vertebral  a

Why we choose carotid atherosclerosis as 
surrogate outcome for preclinical atherosclerosis?



Extracranial Carotid Artery (ECCA) 
Intima-Media Thickness (IMT)

• Maximal and Average 
Carotid IMT

• IMT indicates the 
thickness between lumen-
intima interface and 
media-adventitia  interface 
at far wall of common 
carotid artery

• IMT maximal and mean 
value at bilateral CCA, ICA, 
and bulb. 

(Su et al, Stroke 2001, 2016  
Atherosclerosis 2006, 2007, 2009, 
2015, JAT 2009, 2012, 2014, PLoS
One 2014; Chien et al PLoS One 
2009; Lin and Su, Int J Cardiol. 
2013, Environ Int 2016)



Intima-Media Thickness, mm
Variables < 0.40 0.40-0.43 0.43-0.46 ≥0.46 P 1 P 2 P 3

N=197 N=200 N=193 N=197
Age, year 20.79±3.37 21.23±3.20 21.65±3.02 21.61±3.58 0.033 0.014 0.004
Male, % 28.93 35.5 44.04 50.76 <.001 <.001 <.001
Waist, cm 66.9±8.6 67.9±8.3 71.4±10.7 76.4±15.3 <.001 <.001 <.001
BMI, kg/m2 21.0±3.4 20.9±3.1 22.0±3.7 23.7±5.3 <.001 <.001 <.001
SBP, mmHg 104.8±12.4 104.4±12.6 108.3±13.6 113.0±17.6 <.001 <.001 <.001
DBP, mmHg 65.0±9.8 64.7±8.6 65.8±9.7 72.2±14.0 <.001 <.001 <.001
HTN, % 3.55 7 8.81 21.32 <.001 <.001 <.001
Sugar, mg/dL 85.3±9.1 84.7±13.5 85.7±10.0 93.3±36.1 <.001 <.001 <.001
DM, % 0.51 1 1.04 2.54 0.303 0.138 0.086
TCHO, mg/dL 173.4±35.9 170.9±34.2 173.1±28.9 183.3±39.2 0.002 0.005 0.002
HDL, mg/dL 51.9±10.2 50.7±10.1 50.2±10.6 48.54±9.41 0.01 <.001 0.001
LDL, mg/dL 98.0±29.4 95.79±29.3 101.3±27.9 111.6±35.7 <.001 <.001 <.001
TG, mg/dL 80.5±44.9 83.4±93.4 81.4±40.6 98.3±106.2 0.074 0.022 0.031
Smoking, % 11.68 11 14.51 15.74 0.451 0.243 0.146
Alcohol, % 6.6 7.5 7.77 13.71 0.053 0.022 0.017
Hs-CRP, mg/L 0.07±0.12 0.08±0.16 0.10±0.17 0.12±0.27 0.031 0.008 0.006
Albumin, g/dL 4.93±0.26 4.94±0.23 4.93±0.23 4.87±0.32 0.018 0.012 0.006
Cr, mg/dL 0.97±0.46 0.93±0.15 0.96±0.18 1.05±0.80 0.078 0.084 0.045
ECCr, ml/min 89.4±21.5 91.4±18.9 96.9±21.87 104.03±30.6 <.001 <.001 <.001
UA, mg/dL 5.64±1.35 5.63±1.31 5.83±1.49 6.20±1.61 <.001 <.001 <.001

Table 1 Characteristics of Adolescents and Young Adults



Figure Gender difference of urinary phthalate 
metabolites levels

Women have a higher exposure
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Figure BMI and urinary phthalate metabolites
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Figure 4-1. Carotid intima-media thickness 
across quartiles of MEHP concentration in 

linear regression models

p-value: * <0.05, † <0.01, ‡ <0.005.
Least square mean and standard error after adjustment for age, gender, body mass index, 
glucose, cholesterol, hypertension, smoking and drinking habit, hs-CPR, household income.
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Figure 4-3. Carotid intima-media thickness 
(CIMT) in mm across quartiles of MnBP
concentration in linear regression models.

p-value: * <0.05, † <0.01, ‡ <0.005.
Least square mean and standard error after adjustment for age, gender, body mass index, 
glucose, cholesterol, hypertension, smoking and drinking habit, hs-CPR, household income.

‡

‡

‡

‡

‡

‡

‡



1 1.17

2.79

2.13

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Quarile 1 Quarile 2 Quarile 3 Quarile 4

1
2.13

4.02

7.39

0

2

4

6

8

10

12

14

<1.89 1.89-12.76 12.76-37.59 ≥37.59

1 1.09

1.84

2.80

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

<22.27 22.27-37.49 37.49-63.91 ≥63.91
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Discussions
• Urinary phthalate (DEHP) metabolites are 

significantly and positively associated with 
carotid IMT, including CCA, ICA, and bulb, and 
mean IMT after controlling associated covariates.

• The major phthalate esters related with 
subclinical atherosclerosis are MnBP, MEHP and 
ΣDEHP. 

• The associations in relative healthy young adults 
and adolescents indicate the evidence is very 
important and not by chance.



Environ Health Perspect.
2012; 120: 1307-13.





• In vitro evidence of MEHP impacts on lipolysis, glucose uptake/glycolysis, 
and mitochondrial respiration/biogenesis demonstrates that MEHP 
accumulation disturbs energy metabolism of fat cells.

Mono(2-ethylhexyl)phthalate accumulation 
disturbs energy metabolism of fat cells

(Chiang H.C. et al., Arch Toxicol 2016;90(3):589–601.)

-MEHP-treated adipocytes displayed significant increases in glucose uptake.
-MEHP treatment during adipogenesis might alter the normal gene 
expression pattern and led to the consequent changes in insulin sensitivity.



• DEHP can be a potent inducer of atherosclerosis by increasing MMP-
2 and MMP-9 expression at least through the regulations of p38 
MAPK, ERK1/2, Akt, and NF-κB.

Possible Mechanisms of Di(2-ethylhexyl) Phthalate-Induced MMP-2 
and MMP-9 Expression in A7r5 Rat Vascular Smooth Muscle Cells 

(Shih M.F. et al., Int. J. Mol. Sci. 2015;16(12):28800–28811)

Cardiovascular 
disorders is often 
related to the 
abnormal 
proliferation and 
migration of VSMC 
in arterial wall

DEHP at doses 
higher than 3.5 ppm 
would induce cell 
migration



DEHP

Systolic BP

BMI

Waist

Pancreas Platelet & 
Endothelial cells 

(https://www.webnat.com/articles/Pancreas.asp)
(http://slideplayer.com/slide/10768411/)

Insulin resistance Endothelial microparticles
Platelet microparticles

Env. Poll., 2017
Environ Int., 2016
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Perfluorinated Chemicals and 
Cardiometabolic Health

Ta-Chen Su
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Introduction
• Perfluorinated chemicals (PFCs) 

consist of a 4 to 14 carbon backbone 
and a charged functional moiety 
(primarily carboxylate, sulfonate, or 
phosphonate).

• PFCs are man-made chemicals that 
have only been used in the last half 
century. 

• The two most widely known PFCs 
are perfluorooctane sulfate (PFOS) 
and perfluorooctanoic acid (PFOA) 

Chemical structure of PFCs.
(A) Perfluorooctane sulfonate (PFOS), 
(B) perfluorooctanoate (PFOA), 
(C) 1-hydroxyethane-2-perfluorooctanol(8:2 FTOH), 
(D) N-ethyl perfluorooctane sulfonamidothanol  
(NEtFOSE), 
(E) N-ethyl perfluorooctane sulfonamide (NEtFOSA).
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Perfluorinated chemicals, PFCs
• Stable in air, nonflammable, 

not degraded by strong acids, 
alkalis or oxidizing agents.

• Surfactants, lubricants, 
polishes, food packaging, and 
fire-retardant foams 

• The unique stability: nonbiodegradable
and very persistent in the environment



Perfluorinated chemicals, PFCs
• PFCs are a large group of manufactured compounds that are 

widely used to make everyday products more resistant to stains, 
grease, and water. 

• For example, PFCs may be used to keep food from sticking to 
cookware, to make sofas and carpets resistant to stains, to make 
clothes and mattresses more waterproof, and may also be used 
in some food packaging, as well as in some firefighting materials. 

• Because they help reduce friction, they are also used in a variety 
of other industries, including aerospace, automotive, building 
and construction, and electronics. 

• Semiconductive Company: 
Photolithography

(Many factories in Taiwan) 
• Long half life and bioaccumulative!!
• PFCs have been demonstrated to associate with insulin resistance and 

glucose homeostasis (Lin CY, Diabetes Care 2009).

https://en.wikipedia.org/wiki/Bioaccumulate
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Introduction
• Possible exposure pathways: 

Drinking water
Food 
Dust in homes
Migration from food packaging and cookware

• Half life: 
The longer the carbon chain length, the longer PFCs 
persists in the body. 
4-carbon: perfluorobutane sulfonate = 1 month
8-carbon: PFOA = 3.8 years

PFOS = 5.4 years 

Enviorn Health Perspect 2007; 115.1298-305 





PFOA, PFOS, and PFDA levels in Hsin-Chu Rivers

















Muscle tissue of Tilpin and Catfish



PFCs in Liver Tissue Samples



Lin et al., Diabetes Care 2009; 32: 702-7.







Model of the endocrine systems targeted by 
endocrine-disrupting chemicals

Diamanti-Kandarakis E et al. Endocrine Reviews 
2009;30:293-342

©2009 by Endocrine Society

Perfluorinated chemicals (PFCs)

PFNA (perfluorononanoic acid)

Adiponectin

Presenter
Presentation Notes
Model of the endocrine systems targeted by endocrine-disrupting chemicals as discussed in this article. This figure demonstrates that all hormone-sensitive physiological systems are vulnerable to EDCs, including brain and hypothalamic neuroendocrine systems; pituitary; thyroid; cardiovascular system; mammary gland; adipose tissue; pancreas; ovary and uterus in females; and testes and prostate in males.





Mean and standard error of unadjusted cardiovascular risk factors across 
categories of PFOS in linear regression models (n = 644)

IMT (mm) LDL-C (mg/dl)

logTG (mg/dl) UA(mg/dl)

p-value: * <0.05, † <0.01, ‡ <0.005

‡

‡

*



Table 4. Carotid IMT across different categories of 
serum PFOS and PFNA level in linear regression models
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Material and Methods

• Between 2009 and 2011, 592 adults aged 35–65 
years who attended a cohort study of work- and 
environment-related cardiovascular diseases as the 
control subjects of acute CHD in National Taiwan 
University Hospital.

• 571 middle-aged (age range, 20–60 years old) adults 
without clinical diabetes (fasting levels < 7.0 mmol/L) 
or known history of CHD or stroke completed a 
standard 2-h oral glucose tolerance test (OGTT)  (75-
g glucose in 300 mL water) and had plasma PFCs 
measurements were included in this analysis. 



491.47
502.43

517.49

607.28

450

470

490

510

530

550

570

590

610

630

Glu AUC

< 2.16

2.16 - 3.03

3.03 - 4.21

≥ 4.21

5.54 5.52
5.57

5.85

5.3

5.4

5.5

5.6

5.7

5.8

5.9

HbA1c

< 2.16

2.16 - 3.03

3.03 - 4.21

≥ 4.21

4.55 6.82

15.91

72.73

0

10

20

30

40

50

60

70

80

DM

< 2.16

2.16 - 3.03

3.03 - 4.21

≥ 4.21

Data exclude DM Hx (N=580)
Glu AUC and HbA1c were adjusted for age, gender, BMI, hypertension, hypercholesterolemia, smoking, drinking and individual income.
p-value for these parameters * P <0.05, † <0.01, ‡ <0.005 

Figure 1. Trend Test of Glycemic Indices According to 
Quartile Distribution of Serum PFOS  Levels

0

0

‡ 

‡ 

‡ 



OGTT results and PFOS, PFNA 



After adjusting associated variables.
Q1: <2.4 ng/ml, Q2: 2.4-3.2 ng/ml, Q3: 3.2-4.8 ng/ml, Q4: >4.8 ng/ml.
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p-value: * <0.05, † <0.01, ‡ <0.005
Adjusted for age, gender and other risk factors (smoking status, body mass index, systolic blood pressure, low density lipoprotein, 
triglyceride, homeostasis model assessment of insulin resistance, and high sensitivity C-reactive protein).

Figure 1. Mean and 95% C. I. of adjusted markers of EMPs across categories of PFCs 
in linear regression models (n = 848).
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p-value: * <0.05, † <0.01, ‡ <0.005
Adjusted for age, gender and other risk factors (smoking status, body mass index, systolic blood pressure, low density lipoprotein, 
triglyceride, homeostasis model assessment of insulin resistance, and high sensitivity C-reactive protein).

Figure 2. Mean and 95% C. I. of adjusted markers of PMPs across categories of 
PFCs in linear regression models (n = 848).
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PFOA
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p-value: * <0.05, † <0.01, ‡ <0.005
Adjusted for age, gender and other risk factors (smoking status, body mass index, systolic blood pressure, low density lipoprotein, 
triglyceride, homeostasis model assessment of insulin resistance, and high sensitivity C-reactive protein).

Figure 4. Mean and 95% C. I. of adjusted markers of CIMT across categories of 
PFCs in linear regression models (n = 848).
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Figure 5. Odds ratios (ORs) (95% C.I.) of thicker CIMT (greater than 
50th percentile) with higher serum PFOS concentration (greater than 
50%) by different categories of EMPs and PMPs concentrations.
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PFOS

PFOA

PFNA PPARγ ↑

PPARα↑

Adiponectin↑

HDL-C↑

inflammation↓

Insulin secretion↓

Metabolic 
syndrome ↓
DM ↓

Protein 
transthyretin ↑

Induction of 
hepatic UGT ↓

thyroid hormone 
transport ↑

CIMT ↑
DM ↑

Free T4 ↑

thyroid hormone 
elimination ↓

Endothelial cell permeability↑
Oxidative stress ↑ Endothelial 
and platelet Microparticles ↑ 

Peroxisome proliferation ↑ Hepatotoxicity

Urate transporter in kidney ↓ Urate secretion↓ Hyperuricemia

CIMT ↓

Proposed Mechanism of PFCs on Health 



Conclusions
• Plasticizers and PFCs are common 

pollutants around us. 
• The diabetogenic and atherogenic 

potentials of DEHP and PFOS was 
demonstrated in our series of studies.

• How to prevent exposure to DEHP and 
PFOS in our daily life and dietary habits are 
very important for primary prevention of 
diabetes and cardiovascular disease. 



病 (Diseases)
象倚牀之形 主

一是【橫線】
Transverse line

由東向西【東西】向是也
春播秋收 (East to West)
所以說吃東西(Food) 不說吃南北

左肺＋右肺
→冂 (Door)
氣管→人
細枝氣管如同
樹枝不斷繁衍
人亦如是
肺在身體裡
∴為內
∵吃東西入內
→病→倚牀

You inhale bad air and eat contaminated food and you get the diseases.



Healthcare Today and tomorrow

Shifting the Paradigm
From Reactive Treatment to Proactive Wellness

Predisposition
Screening

Targeted
Monitoring

Prevention
 Lifestyle
 Nutrition
 Medication

Disease 
Diagnosis

Therapy Therapy
Monitoring

Healthcare Today
Future Healthcare

Many Thanks for your attention!!
E-mail: tachensu@ntu.edu.tw
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