
PFAS Human Health Outcomes: Sources, Exposures, Epidemiology, 

Physiology/Toxicology MOEMA, Kalamazoo, Sept 21-22 

Alan Ducatman, MD, MS,  aducatman@hsc.wvu.edu
 Aim 1:  PFAS exposures (Focus on 

Michigan)  and epidemiology in….  
minutes.  (>1200 NLM listings key-
worded to  “PFOA and human 
health” alone)

 Aim 2:  interface of population 
outcomes (epi) with mechanisms of 
interest (tox) 

 Aim 3:  compare what we know with 
what communities/patients care 
about;  consider what to do.  



Declarations

Past: Principle Investigator for Creation of  Public Website for Public 
Data Communications of the “C8 Health Study” pertaining to  69,030 
participants in the mid-Ohio Valley (WV and Ohio)

Assisted in survey design, and in acquisition and storage of serum 
samples for same population (~66.000)

Present/Future: participate with affected communities, including 
federal agencies, municipal and other government, water utilities, and 
business/business investors to decrease exposures and increase 
medical monitoring.  Current paid community activities:  Bennington 
VT, Petersburgh NY



Perfluorinated Compounds (PFCs), more 
properly PFAAs and PFAS

 Manmade chemicals used industrially & in consumer products for over 60 years.

• Totally or mostly fluorinated carbon chain of varying length.
 Hydrophobic:  Repel oil and water. 

 Hydrophilic charged  functional group:
 Carboxylates (COO-); Sulfonates  (SO3

-)
 To some degree, Water soluble. 

• Extremely strong C-F bond. 
 Chemically & thermally non-reactive. 

 Useful properties. 
Do not break down in the environment. “Forever

Chemicals” 

Part of a much larger group of PFAS , per- and poly-fluorinated

PFOA and PFOS (Nominally both 8 carbon but different) are the focus of many early studies



Lecturing as Aerobic Sport 

Time constraints dictate 
that an overview be 
discussed.  

Some details (and some 
references) are on PPTs 
for those who want to go 
back and view them. 



Industrial manufacturing Aid in numerous coatings including: 

Food packaging, papers, food preparation bags (pets too) and solar panels

Medical device (including coatings for stents) 

Home barrier insulation and specialty paints – future spray on roof applications proposed

Paper coatings (example food paper, and then sludge waste is produced)

Treatments for fabrics and carpets

Outdoor wear and Leather

Adhesives (including carpet backing)  

Ski wax, bike lube 

Electronics, solar panels, elastomeric coating for electrical cables. 

Cleaners, treatments: gun cleaners, chain cleaners,  engine coaters, auto detailing, piano tuning (2 uses) 

Hydraulic fracturing lubricant  and tracer technology

Chrome plating and photolithography

AFFFs – most prevalent source in groundwater and drinking water, may contain a 
complex mixture, and each batch can vary to meet a standard (“MilSpec”) 

Shaving, cosmetics, flosses

Array of Historic  Sources, Uses 



Direct & Indirect Water Contamination Routes
 Direct:   Atmospheric deposition to water

Industrial or AFFF discharge to soil, water

Atmospheric source of house dust

 Indirect

Sludge treatments to farmland***

Reentry from sewage treatment plants

Breakdown of residual manufacturing aids

in consumer products 

Telomer alcohol processes can produce PFC 

acids   

***Less direct than  historic Mi PBB feed problem of 
1970s.                    



Potential for Exposure varies by source

Potential internal exposure 

 Very high for water contamination 

 High in contaminated food, which is 
the dominant source for most people 
(whose water is not contaminated) 

 Potentially High for things that 
interact with food sources, including 
contact papers and packaging

 Older not stain fabric coatings 
variable   

Polymers as  symbols but less for exposure 



Environmental Fate & Transport

PFCs Dioxins & PCBs

Highly water soluble YES NO

Bind well to soil & sediments NO YES

Degrades in environment to some extent NO YES

Bioaccumulates significantly in fish NO/YES* YES

Bioaccumulates in lipids NO YES

Drinking water is major exposure route YES NO

* NO - Less than 8 fluorinated carbons (e.g. PFOA, PFHxS).

YES – 8 or more fluorinated carbons (PFOS, PFNA, and higher).
− PFOS is the PFC most commonly detected in fish; other longer-

chain PFAS also frequently found.



Review:  
 “Forever chemicals.”  Strong 

carbon-fluorine bonds.    PFAS 
are long lasting in environment, 
and some PFAS break down into 
other PFAS.  Adhere to soil, 
travel in water.  

 Bioconcentrated in food chains, 
especially sea food

 Above a certain chain length, 
bioaccumulated in humans  

 PPT from Oliaei et al. Env Sci Poll 
Res 2012; DOI: 10.1007/s11356-
012-1275-4



Michigan contamination at a number of sites
Map detail shows nearby Parchment Mi from mlive.com



Once there has been a release

Most persistent, bioaccumulating 
toxins (PBTS) require a boost from 
the food chain.  Some PFAS are 
unique. Travel well in and  
bioaccumulate from water, food,  
and even suspended particulates 
and house dust. 

Many PFAS have long half-lives.  
The shorter chain products have 
shorter but not short half lives

Image from EPA 



“Long-Chain” PFAAs such as PFOA are Persistent in Humans

Kato et al. Environ. Sci. Technol. 2011. 45: 8037–45

PFOA – Perfluorooctanoic acid, C8

PFNA - Perfluorononanoic acid; C9

PFOS - Perfluorooctane sulfonate, C8-S

PFHxS - Perfluorohexane sulfonate, C6-S

• Slowly excreted - Half-lives are ~ 3 to 5+ years.

• Bound to proteins – Do not distribute to fat.
• Unlike most persistent organic pollutants (e.g. dioxin, PCBs) 

• Accumulate/Found in serum (ppb) of virtually all U.S. residents & worldwide.
• Levels of PFOA and PFOS are decreasing over time. 

• General population exposed from food and consumer products.
• Exposure greatly increased by low levels in drinking water. Becomes the 

dominant source



Some PFAS History: Dry Run Landfill and Origins of “C8 
Health Project”

 “Jim Tennant, a former construction worker at DuPont, 
said he has suffered from mysterious illnesses since 
the 1960s. …..Doctors were baffled.

 In 1979, Tennant was hospitalized. Doctors …..warned 
his wife Della that he might not make it through the 
night.

 By the mid-1990s, Jim and Della began noticing dead 
birds and deer on their farm. Cattle developed large 
tumors, went blind or gave birth to deformed and 
stillborn calves. ….at times, 100 percent of the herd's 
newborn calves died. In total, Jim estimates the 
family lost roughly 250 cows.”

https://www.delawareonline.com/story/news/2016/04/01/dupont-illnesses-
deaths-c8/81151346/

https://www.delawareonline.com/story/news/2016/04/01/dupont-illnesses-deaths-c8/81151346/


Exposure implications: 1) today serum 
concentrations represent years of past 
exposure.  2) Modeled and actual 
longitudinal studies. 

 PFAS cross-sectional study serum 
concentrations relate to an integration of  
several half lives (multiple years) of 
previous exposure: longitudinal 
implications of cross-sectional biomarkers

 Cord/infant serum concentrations relate 
to maternal pre/during pregnancy 
exposure. Longitudinal implications of 
some maternal/child designs. 

 Modeling can provide additional imputed 
longitudinal data (that can be subjected 
to scrutiny). 

“Bartell serum calculator” provides 
a workable range model  and 
explanation of defaults

https://www.ics.uci.edu/~sbartell/pf
ascalc.html

Mn (Goeden H et al.)  publication 
has additional data for 
transgenerational and breastmilk 
exposure PMID 30631142 

3063114230631142

https://www.ics.uci.edu/~sbartell/pfascalc.html


Infants can have higher PFAS than mother 

Transplacental

Breast milk 

Not breast fed? Fluid 
intake if water is the 
source. 

 Image from Winkens et al.  Emerging 
Contaminants 2017. 
https://doi.org/10.1016/j.emcon.2017.05.
001

https://doi.org/10.1016/j.emcon.2017.05.001


Priority short term public health goal? 
Photo source:   Oakdale Mn  Suburban    http://eastsidereviewnews.com/node/199059

 Assure  clean water.    Minimize 
additional water resources affected.  
(Expensive problem to deal with after 
the fact.)  

 Measure what we aren’t yet measuring

 Filter, or otherwise clean,  or provide 
alternative to affected water supplies 

 Issues: historic & new uses/sources, compounds,  
containment, environmental persistence & 
migration,  increasing appreciation of the scope 
of pollution and thresholds for biological activity, 
filtration/precipitation/exchange affected by 
chain-length & structure.



Putting the genie back in bottle: Carbon filtration, 
reverse osmosis, other



Quick Tour of 
Epidemiology and 
Toxicology 
Literature 

 PPAR-α (mechanism of fibrate drugs, example 
clofibrate)

Yet very active in PPAR- knockout mice

 Other PPAR to a lesser degree.  PPAR- is 
mechanism of thiazolidinediones

 Multiple Other nuclear receptors including RXR, CAR 
others 

 Mitochondrial pathways, nuclear lipid 
hyperaccumulation

 Multiple lines of evidence for induction of oxidative 
stress 

 Image from Li K, et al. Molecular mechanisms of 
PFOA-induced toxicity…Env Intl 2107 
https://doi.org/10.1016/j.envint.2016.11.014

https://doi.org/10.1016/j.envint.2016.11.014


1. Disrupted Immune responses    vaccine response or     
childhood infection.  (Note also several findings from  
childhood Asthma/allergy studies)  Association is causal.   

Example: 

 Serum Vaccine Antibody Concentrations –
Multiple Examples in Literature. 

 Mostly downregulation, and, it’s complicated.  
(Vaccine response is only one way to assess immune 
response/surveillance against invaders & neoplasm). 

 Ulcerative colitis questions raised by C8 study.

 This topic is addressed in detail in  a platform 
session: 

Session 26  Immunotoxicological Findings of PFAS: Consistency of 
Effects Between Humans and Rodent Models J.C. DeWitt, S. 
Vance, T. Woodlief, Q. Hu, East Carolina University / Pharmacology 
and Toxicology 

26159541

26159541

26159541

26159541

28749778

Fun Details:  

 IgA decreases a bit with PFAS 
exposure 

 Nominally inflammatory markers 
such as  C-reactive protein       (Genser 
B, et al. PMID  26159541  or earlier 
abstract by T Fletcher in ISEE 2009 
abstracts supplement 
https://www.jstor.org/stable/25662794?
seq=1#page_scan_tab_contents)

 Mechanistically Not surprising!!  
EXAMPLE:  Fibrate drugs (PPAR-alpha 
mechanism) lower CRP in humans. 

https://www.jstor.org/stable/25662794?seq=1#page_scan_tab_contents


2. Near Certain as causal:  Biochemical associations to 
A.)Lipids, B.)liver Functions, & C.) uric acid

2A. Lipids

Strongest for total cholesterol. (Also seen for 
LDL- &non-HDL cholesterol, sometimes HDL.) 

Attenuates (over time in populations) as the 
studied PFAS decrease   

Confounding – considered in multiple studies, not 
explanatory so far. 
Metabolomic and activity pathways explored in 
both epi and tox literature. (Data support a role 
for involvement of multiple pathways). 

Data sets with lipid reports (cross 

sectional & longitudinal) 

Aarhus Denmark Birth, Avon Longitudinal, 
Boston Area Pre-birth,  “C8”, Dayton’s 
Children, Genetics and Biomarkers Study 
(Taiwan),  Health Assessment Study of Seoul 
Citizens (Korea), HOME (Cincinnati), 
NHANES, Korea Environmental Health 
Survey in Children & Adolescents, 
Norwegian Mother & Child, Canadian Health 
Measures Survey, Spanish Environment and 
Childhood Project, Paulsboro NJ, Project Viva 
(Harvard, equivocal results), Vasterbotten 
Intervention (Sweden, n=187, results 
negative), Wisconsin Anglers (small n),  
World Trade Center Health Registry, 
Yuanyang Red Cross Hospital (Henan China) 



Lipids: Internal PFOA Dose & Cholesterol
Nonlinear (‘asymptotic’) dose-response 
(Shown  Steenland et al  for  adults  Am J Epi 2009  PMID 
19846564)

Response Not clinically exotic 
(scopolamine: muscarinic, ACTH:cortisol, or 
exercise: heart disease risk). Saturation,  
competitive inhibition, and feedback loop 
(modulated regulation)  possible explanations for 
such curves. 

IMPLICATIONS:  1 Study Design 
and Dose (Also, Agnostic about  Curve at higher doses)

2. Threshold discussions/policy 
Low PFOA decile ~ contemporary (2005-6) U.S. 
population. Other PFAAs also similar. Implications 
for human health-based thresholds. 



LIPIDS in Pregnancy 
or following in Utero 

Prenatal: Maisonet M et al. –
Environ Int’l 2015 Table is 
mean Total and LDL-C  in 199 
7-year old  and 15-year old 
children by tertile of PFOS
exposure 

Pregnancy:  Starling et al,  In 
addition Skuladottir et al 
showed absence of 
confounding by diet 



3M scientists disagree 
that lipids are 
affected.  

 The objectives of this study were to evaluate the effect of PFOA 
on plasma cholesterol and triglyceride metabolism at various 
plasma PFOA concentrations relevant to humans, and to elucidate 
the mechanisms using APOE*3-Leiden.CETP mice, a model with a 
human-like lipoprotein metabolism. APOE*3-Leiden.CETP mice 
were fed a Western-type diet with PFOA (10, 300, 30 000 ng/g/d) 
for 4–6 weeks. PFOA exposure did not alter plasma lipids in the 10 
and 300 ng/g/d dietary PFOA dose groups. At 30 000 ng/g/d, 
PFOA decreased plasma triglycerides (TG), total cholesterol (TC), 
and non-HDL-C, whereas HDL-C was increased. The plasma lipid 
alterations could be explained by decreased very low-density 
lipoprotein (VLDL) production and increased VLDL clearance by 
the liver through increased lipoprotein lipase activity.

Dose Effects of Ammonium 
Perfluorooctanoate on 
Lipoprotein Metabolism in 
APOE*3-Leiden.CETP Mice

Toxicol Sci. 2019 Apr; 168(2): 
519–534.
doi: 10.1093/toxsci/kfz015

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6432869/
https://dx.doi.org/10.1093/toxsci/kfz015


2B.  Lipids, Liver function, Uric Acid

~10 Human studies, including “C8,” 
China C8,  NHANES notably  to “ALT” 
(SGPT)  in adults.  (Childhood studies less 
consistent. Including one inverse association, & 
one found no association PMID 29156323, 
29040951 )

Tox Association  stronger in obese 
rodents, accompanied by impaired 
lipid-regulated proteins. 

Image showing ALT, GGT, and direct bilirubin 
with PFOA and PFOS from Gallo V, et al. EHP 
2012 PMID  22289616.  Note there is also a 
longitudinal follow up .  Darrow LA et al  
EHP 2016 PMID 26978841 

29156323

29156323

29156323

29040951
22289616



2C.  Lipids, Liver Functions, Uric Acid

Human association seen in ~9 studies, 
including  “C8,”  NHANES (adolescents and 
adults), a Taiwan adolescent population (boys 
only), and a work population in Italy 

Data from C8 adult population show uric acid 
at median PFOA from regression model for an 
average participant: 45 years of age, 0.95 
mg/dL creatinine, high school education, 
male, 28.55 kg/m2 BMI, nonsmoker, 
nondrinker. Data are population means and 
95% CIs. (Similar data for PFOS). 

From Steenland K et al., EHP. 2010 Feb; 118(2): 229–
23 PMID 20123605

BTW:  not explained by renal failure.  



Uric Acid association also in Children: 
Implications Not likely a medication effect; not due to confounding 

by renal failure.  (Sex difference consistent with disease natural history)

Image from Qin XD, et al Environ 
Pollut. 2016 May;212:519-524. doi: 
10.1016/j.envpol.2016.02.050. (Taiwan)

Also seen in NHANES children:  

Kataria A et al. Environ Health. 2015 Nov 
21;14:89. doi: 10.1186/s12940-015-0077-

Geiger SD et al. Am J Epidemiol. 2013 Jun 
1;177(11):1255-62. doi: 
10.1093/aje/kws392

https://www.ncbi.nlm.nih.gov/pubmed/26970855
https://www.ncbi.nlm.nih.gov/pubmed/26590127
https://www.ncbi.nlm.nih.gov/pubmed/23552989


Random lab findings? NAFLD epidemic 
associated with lipids, liver functions, and uric acid 
in humans (many articles, recent featured)

Sung KC, et al.  Resolution of fatty liver and weight loss:  Independent associations of changes in serum 
lipids and apolipoproteins.   2018; 272:47-53 doi: 10.1016/j.atherosclerosis.2018.03.018

Kim JY et al., Biochemical predictors of non-alcoholic fatty liver disease in young children with obesity. J 
Korean Med Sci 2018; 16: doi: 10.3346/jkms.2018.33.e122.

Petta S, et al., Severity of NAFLD by transient elastography: genetic and metabolic risk factors in a 
general population. Liver int. 2018 doi: 10.1111/liv.13743.

Also, role of decreased IgA in microbiota and Obesity/NAFLD   (Wang &Hooper.  Science 2019; 365:316

However, Missing from PFAS NAFLD repertoire:  No Upregulation of serum 
NAFLD markers of inflammation, trigylcerides not clearly higher (new 
reports of higher triglycerides in prediabetics (Lin et al., Environ Intl 2019 PMID 

31150976)), HDL (“good”) cholesterol not clearly lower, and reports of excess 
disease not present.   So, what can explain that? 



Mechanisms and Steatosis – 1st (‘preclinical’) NAFLD stage in 

humans.   Also in  liver tissue following  PFAS exposure  in mice 
(Mouse image, also  amphibians, fish, and simians in other studies).  

PPAR-a KO mice (A = unexposed Control) 
20x.  (So not PPAR-alpha dependent). 

B  Bile duct proliferation and lymphocyte 
infiltration 

C. Vacuolization seen at 40x

D. Hepatocyte Cell hypertrophy and mixed 
fatty change in enlarged image 

Filgo AJ et al.  Toxicol Pathol 2015 
doi: 10.1177/0192623314558463

Comment:   Also  seen in other species.  

https://dx.doi.org/10.1177/0192623314558463


NAFLD markers  C8 Health Survey Participants:              Bassler J et al. Environ Pollut.2019 PMID 30823334

200 Serum Samples were Randomly Selected

Four Different Perfluoroalkyl Substances (PFAS)
& Serum Biomarkers of Liver Disease were Measured 

↑ Perfluorohexane sulfonate (PFHxS)
↑ CK18 M30, Adiponectin, Leptin

↓ TNFα, Insulin

↑ Perfluorooctanoic acid (PFOA) ↑ CK18 M30, IFNγ ↓ TNFα

↑ Perfluorooctane sulfonate (PFOS)

↑ Perfluorononanoic acid (PFNA) ↑ CK18 M30, Adiponectin, Leptin, IFNγ, C3a
↓ IL-8

↑ Adiponectin, ↓ TNFα, IL-8

Pro-inflammatory - TNFα, IFNγ, IL-8, C3a; Pro-apoptotic - CK18 M30



Marker interpretation: NAFLD initiation phase

 Hepatocyte Apoptosis/cell death markerCK-18 M30 fragment) is 
consistent with LFT (ALT) data.    

 But, downregulation of TNF-Alpha (and IL-8) consistent with  an 
anti-inflammatory response, so - promoting NAFLD entry rather 
than progression?  

 The increased adiponectin is  seen in exposed animals  (Example: 
Du et al., Cytotechnology, 2018, attributed to AKT pathway. PMID 

29335808))

Discussion: Early phase NAFLD is common.. Risk profile includes  obesity/age. In addition to 
association to markers of steatosis, PFAS associated to       markers of  Kupfer cell activation 
and upregulated adiponectin production.   ? Is that profile  “Reminiscent” of  PPAR-gamma 
medication (“glitazone”) outcome profile  in normal (vs diabetic) population?  

29335808



Liver/lipid research needs: Algorithmic approaches to at-risk 
population monitoring (and ongoing work on mechanisms) 

Consider more physiologic cut-offs of 
existing, conventional markers, new 
markers, & followed by noninvasive 
(imaging - Modern approach to NAFLD)

Include:  algorithms to improve referral  
to selective, non-invasive imaging. 

Research needed into Lipid fractions

Shown:  predictive NAFLD algorithm (not PFAS) and 
follow up CV Mortality in NHANES.  from Cheung CL, 
et al l. BMC Medicine 2014, 12:154 
doi.org/10.1186/s12916-014-0154-x

https://doi.org/10.1186/s12916-014-0154-x


Epidemiology study design implications partial list

Dose range needed, not 
all high or all low (and 
sufficient N)

Time course relevant, 
example: likely 
mechanism  long-term

CC

Susceptible Population essential 
(pertinent example:  not end-
stage cancer)

‘..comments submitted by the Responsible Science Policy Coalition 
(RSPC), which represents producers and users of PFAS, 

‘RSPC point to a 2018 phase 1 clinical trial with PFOA in 
49 subjects that it says show PFOA at several order of 
magnitude higher than those in the general population 
lowered cholesterol – findings that contradict NJDEP and 
a European food safety agency.’

Clinical Presentation perspective.   It is not just 
clinicians who understand  “end stage” 
cancer is a poor model for health. 

The significance of cancer cachexia for nutrition at the 
cellular level in short-term follow up of terminal disease 
is relevant. Further, a priori expectations for lipid 
trajectory in end stage cancer not clear in peer 
literature.



3.  Endocrine Disruption.   (Deceptively easy to say, 

Hard to do a good job studying)

 3A. Thyroid hormone 
disruption and thyroid 
disease are probably causal 
associations Multiple 
studies:  How important?

 Rodent data tend to show 
Thyroid hormone but not 
TSH changes, human data 
are more troubling (and 
there is recent PFNA data). 

Example:  Melzer D, et al. Environ 
Health Perspect. 2010 May; 118(5): 
686–692. doi: 10.1289/ehp.0901584

And multiple others in several 
populations. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2866686/
https://dx.doi.org/10.1289/ehp.0901584


Studies show alterations in thyroid hormones.
For associations of PFOS with TSH. “Meta analyses” quoted

Ballesteros V et al Exposure to perfluoroalkyl 
substances and thyroid function in pregnant 
women and children: A systematic review of 
epidemiologic studies.   Environ Int. 2017 
Feb;99:15-28. doi: 10.1016/j.envint.2016.10.015.

“…some consistency of a 
positive association between 
maternal or teenage male 
exposure to some PFAS and TSH 
levels based on the current 
literature.”

Kim  MJ et al.  Association between PFAS exposure and thyroid 
function in adults:  a meta analysis. Plos One 2018. PMID 
29746532

“..strongest correlation was observed in studies 
with intermediate mean PFOS concentrations; 
..positively correlated with free T4 and TSH and 
negatively correlated with total T4. .. results 
suggest that PFAS could induce thyroid 
dysfunction and disease. The association between PFOA 
exposure and thyroid disease has been reported in some studies 
which were not included in our meta-analysis”

https://www.ncbi.nlm.nih.gov/pubmed/27884404


TSH  population finding coupled  with a 
“clinical” dismissal  

“Our results suggest an association 
between PFOS and TSH in pregnant 
women that is small and may be of 
no clinical significance.”

(Comment: Valuable research, and one way 
to frame it.   However, a clinical take is that 
the finding of a 15%  delta across 4 
quartiles is in a population, not in an 
individual.) 

Image and quotation from 903 
pregnant women (in Wang et al. from 
Norwegian Mother and Child Cohort. 
Environ Hlth 2013  PMID: 24010716)



Do “small” TSH alterations matter?  9-12 weeks 
gestation & adverse birth outcomes (data not PFAS-

specific)

 1921 pregnancies in 2012

 Miscarriage  1.97 vs 1.71

Preeclampsia 2.10 vs 1.71 (we 
will come back to this topic)

Dystocia in labor 1.76 vs 1.68

Small may matter a lot in 
populations

From Hernandez M et al. Impact of TSH 
during the first trimester of pregnancy on 
obstetric and foetal complications.  Clin 
Endocrinol 17 
February2018   https://doi.org/10.1111/cen.
13575

https://doi.org/10.1111/cen.13575


PFAS and thyroid – Research need in 
human development

Focus on Thyroid hormone 
just before and during human 
development, associated with  
PFAS exposure. Topic is 
current “normal” TSH cut-offs 
during human development 
and  emerging literature about 
healthy thyroid function in 
pregnancy. 



3b.  Toxicol of Sterol 
hormone disruption: 
From Rebholz SL et al. Toxicol 
Rep 2015 PMID 26942110

Relative mRNA levels of genes 
involved in sterol metabolism of livers 
of C57BL/6 (A, C) and BALB/c (B, D) 
male and female mice. Livers were 
collected from mice described in Fig. 
1 and mRNA levels measured by real 
time PCR using cyclophilin as our 
housekeeping gene. Data represent 
averages ± SEM (n = 5–6). Differences from 
mice fed control diets are depicted by * 
(P < 0.05).

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/messenger-rna
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sterol
https://www.sciencedirect.com/science/article/pii/S2214750015300822#fig0005
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cyclophilin


4. Developmental concerns: population 
perspective. Patients call with questions about exposure 

Delaying pregnancy incurs risk. Breast feeding is beneficial.

vs…..PFAS transferred trans-placentally and in breast milk.

 Time to pregnancy studies show some consistency (longer). 
Breast feeding studies show shortened duration (Health-
communication  tightrope with  a ticking clock. Is excretion trial 
(example cholestyramine for PFOS warranted/feasible? ) 

 Not just women!  Human Testicular toxicity outcome studies 
include sperm morphology& motility questions. 

PFAS alter testicular stromal cells (in animals), &disrupt sterol      
synthesis. Biologic plausibility, more input needed. 



Developing humans: greatest 
importance. Probably causal: 
PIH, preeclampsia. 

Topics: Birthweight, Anogenital 
distance, Ponderal index/subsequent 
obesity, Sperm shape/motility, 
Pregnancy-induced hypertension (PIH)

Association with PIH in”C8” 

population,  strengthens as geocoded 
exposure model refinement  (Figure  
Stein CR, et al, Am J Epi (2009) PMID 
19692329) (image) 

Preeclampsia in Shanghai cohort
(including for PFBS)  (Huang R et al. 
Environ Hlth 2019 PMID 30526931) and & 

Swedish Selma study (Wikstrom S Sci 

Rep 2019 PMID 31235847)



PIH/preeclampsia continued  

Based on Norwegian findings of lipid disruption in pregnancy, 
Starling AP et al. pointed out that lipid disruptions during 
pregnancy are a theoretical basis for the observation of PIH 
Environ Int. 2014 Jan;62:104-12. doi: 
10.1016/j.envint.2013.10.004.

 For example: Increased maternal and fetal 
cholesterol efflux capacity and placental CYP27A1 
expression in preeclampsia Mistry HD et al Increased 

maternal and fetal cholesterol efflux capacity and placental 
CYP27A1 expression in preeclampsia. J Lipid Res 58 (2017)
10.1194/jlr.M071985. Epub 2017 Apr 10.

 PIH/Preeclampsia not found in all  human studies,  
needs replication (and larger populations) 

C8 population data show 
increasing association with 
better coding techniques

Avanasi R et al. Environ Res. 2016 Apr;146:299-

307. doi: 10.1016/j.envres.2016.01.011

Savitz DA et al. Epidemiology. 2012 

May;23(3):386-92. doi: 10.1097/EDE.0b013e31824cb93b

Stein CR et al. Am J Epidemiol. 2009 Oct 

1;170(7):837-46. doi: 10.1093/aje/kwp212

https://www.ncbi.nlm.nih.gov/pubmed/24189199
https://www.ncbi.nlm.nih.gov/pubmed/28396342
https://www.ncbi.nlm.nih.gov/pubmed/22370857
https://www.ncbi.nlm.nih.gov/pubmed/19692329


5. Cancer (Image from Barry V, et al, EHP 2013  Incidence in “C8”  population. Kidney 

and testicular cancer data.  Note that this large population is still not sized right, 
a problem of “binary” outcomes with imperfect lab markers. 



PFAS Implicated cancers:  testicular, kidney more likely than not , (also limited 
evidence for bladder, liver, prostate, breast, pancreatic)

 More than one relevant period of exposure?  including prenatal 
and early developmental?? 

 For testicular cancer, high mobility of relevant population.   Usual 
county level data approach not sufficient for tracking from birth to 
present location. 

 Case Control research needs reach back to childhood exposure?  
Possible compromise approaches for most suspect such as 
testicular ?  (Potentially advantageous populations). 

 Two (or more) “hit” etiology implies large populations for long 
periods, or case-control. This  fiscal/design hurdle can apply to 
other “binary disease” (i.e. without clinical lab biomarker) 
outcomes.



What else – community requests for serial phlebotomy (or 
apheresis) or bile acid sequestrants

Figure is ratio of PFAS pre-post 
treatment ratio in 8 individuals who 
participated in an  (retrospective) study 
of one week of cholestyramine 
treatment.  Urine and stool 
concentrations were also characterized.  

 From Genuis SJ, et al.  ISRN Toxicology Volume 
2013, Article ID 657849, 8 pages

http://dx.doi.org/10.1155/2013/657849

Research team has other publications this topic

http://dx.doi.org/10.1155/2013/657849


Human Excretion needs more characterization. 
Cholestyramine for PFOS in unsupervised community setting  
(Ducatman, Fletcher, et al. in preparation). 



Anything else? Since 2002, paradigm is sex- hormone & OAT-
mediated renal excretion based on animal data.  Kudo N et al., 2002 

https://doi.org/10.1016/S0009-2797(02)00006-6

https://doi.org/10.1016/S0009-2797(02)00006-6


Of Rats and Men:  OAT-inhibitor in community equivocal  (also 

Ducatman &Fletcher et al. in preparation.)



Feeble human excretion improves in moderate-
severe renal failure   (Adjusted PFAS values in  stages of renal failure 

in men &women. NHANES data, Jain and Ducatman, Environ Res 2019 PMID 
30530087) BTW: the excretion appears to be more in presence of albuminuria 

(not shown))



Hypothesis: 
reabsorption 
arrow should be  
more prominent in 
humans. Image from Han 
X, et al. Renal elimination 
…..Chem Res Toxicol. 
https://doi.org/10.1021/tx20
0363w

https://doi.org/10.1021/tx200363w


Research Needs Not just “short” chain or newer !! Needs  
not fully addressed for  several of the historic chemicals. 

 PFNA, PFHxS and even PFOS 
not adequately studied in 
higher concentration exposure 
populations.

 Liver/lipid axis:  attention to 
mechanism

 Hormonal findings (such as 
thyroid, testicular) need focus 
on critical periods of 
development



Epidemiology associations reviewed (LIST NOT  COMPLETE IN 15 MIN)

Outcome

 Immune disruption

 Lipid disruption  

 Liver functions

 Uric acid

 Decreased duration breast feeding

 Thyroid disruption

 Pregnancy induced HTN, preeclampsia

 Testicular cancer 

 Kidney cancer 

 Fecundity 

 Unproved, research needs, negatives

Certainty 

 Certain. Many details, not all worked out

 Near certain, more than one mechanistic path, active at low dose

 Near certain, more than one mechanistic path, likely related to lipid paths

 Much more likely than not, may be a stress reaction

 Considerably more likely than not, and lab evidence of gland toxicity 

 Considerably more likely than not, importance debated,  developmental worry

 More likely than not 

 More likely than not, considerable research evidence of testicular toxicity

 More likely than not

 More likely than not

 Long list 



Among 
outstanding 

research 
questions

Questions in children and adults, recent prospective studies with 
different designs and  conclusions, and PFAS species less studied 

 Obesogenic ? (many articles) longitudinal example, adipokines in 
childhood, Shelly et al., J Clin Endocrinol PMID 31216000

 Insulin resistance?   Diabetes?     Microvascular?

see for example:  Cardenas A et al., Diabetes Care PMID 31296647

Also Worrisome based on recent data:

 Bone/Joint health, vitamin D

 Time To pregnancy, Sperm health, Fertility

Important,  challenging to study:

 Neurodevelopmental outcomes 

 Associations of chemical species with shorter half-lives  
to health endpoints 

31216000

31216000

31216000



Thank you for the invitation to learn with 
you (image foam entering  Van Etten Lake near Lake Huron)

 Key point:  PHYSIOLOGY AND 
MECHANISMS MATTER in epidemiology 
(and relate to dose-response curves) . 

Also consider :  

 Biomarker studies will be harder when half-
lives are below bioconcentration threshold

 Unclear how harder to study relates to actual 
safety and health. 

 LIPID FRACTIONS to illuminate mechanisms

Comments?  aducatman@hsc.wvu.edu

mailto:aducatman@hsc.wvu.edu

