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16 November 2018 

Evaluation of key epidemiological studies for PFOA & PFOS 

The Danish Environmental Protection Agency has asked DTU Food to review methods and key studies as 
well as epidemiological studies used by ECHA and EFSA for their assessments of PFOS and PFOA and, on 
this basis, prepare a professional recommendation as to whether there is a need to reassess the TDI 
values underlying Danish limit values for soil and drinking water. The recommendation should take 
account of the principles underlying the preparation of quality criteria. 

Overview of critical effects (marked in grey) for PFOA and PFOS that form the basis for the risk 
assessment by ECHA (2015) and EFSA (2018): 

ECHA, 2015 EFSA, 2018 

PFOA Animal studies Growth and survival of newborn mice 

NOAEL= 20,000 ng/ml; 
UFworkers= 5 x 2.5; 
UFpopulation = 10 x 2.5 
DNELworkers = 1600 ng/mL 
DNELpopulation= 800 ng/ml 
Although difficult to compare, these values are in 
the same range as the EFSA TDI (2008) 

Human 
epidemiological 
studies 

Not taken into account Serum cholesterol 
increase 

Reduced birth weight 

Increased liver ALT 

PFOS Animal studies 

Human 
epidemiological 
studies 

Serum cholesterol 
increase 

Antibody response at 
vaccination in children 
Reduced birth weight 



 
 

 

Risk assessment of PFOA 
 
Summary of EFSA risk assessment 2018 
 
Human studies report on a probable link between PFOA and increased cholesterol levels on a weight of 
evidence approach. Lipid metabolism is disturbed by PFOA in animals as well as in humans. Even though 
the mode of action of PFOA inducing hypercholesterolemia in humans is not established, studies show a 
PFOA-associated effect at low doses and there is a concern for chronically elevated cholesterol levels, 
especially for pregnant mothers, as this may lead to complications during pregnancy and at birth. 
This association is supported by a study in transgenic mice expressing human PPARα, in which PFOA 
significantly increased serum cholesterol levels, similar to observations in humans (Nakamura et al. 
2009). 
 
For PFOA, two studies on serum cholesterol (Steenland et al 2009; Eriksen et al., 2013) showed very 
similar BMDL5 levels expressed as serum PFOA (9.2– 9.4 ng/mL) corresponding to an estimated chronic 
daily intake of 0.8 ng/kg bw per day as calculated with a PBPK-model for humans. EFSA considered the 
increase of serum cholesterol to be the critical effect for PFOA. These and another supporting study are 
described in more detail in section on ‘Epidemiological studies…’. 
 
A second human study shows an inverse association between PFOA and birth weight. This study is 
supported by several other human studies summarized in a meta-analysis concluding that there is 
sufficient evidence that foetal developmental exposure to PFOA reduces foetal growth. This effect is 
supported by animal studies. Reduced birth weight has been associated to different health problems 
later in life. However, as glomerular filtration rate may be affected during pregnancy, this may be a 
confounder, and therefore effects on birth weight was not directly used for establishing a TWI.  
 
In order to take into account the long half-life of PFOA the EFSA established a TWI of 6 ng/kg bw per 
week based on increased cholesterol levels. This limit is protective also for increased risk of liver 
damage, indicated by high serum ALT and it is protective against reduced birth weight as well. 
 
The conclusion from EFSA is that there are strong indications that the risk is not controlled and actions 
are needed both for workers and the general population. 
 
 



 
 

 
 
 
Summary of ECHA/RAC risk assessment 2015 
 

Epidemiological studies suggesting an association between PFOA exposure and increased cholesterol 
levels were acknowledged by RAC. RAC noted that the increase seems more evident at low than at high 
PFOA serum levels. It is of a relatively small magnitude, and although not within a range directly 
associated with adverse health effects, it might increase the need for medication in people having 
already rather high cholesterol levels. Due to unclear adversity and uncertainties in dose-response, RAC 
was of the opinion that this does not allow the use of these epidemiology data in a quantitative way for 
risk characterization. 
Epidemiology studies on other endpoints (e.g. immunotoxicity) were submitted in the public 
consultation, but these were also not considered robust enough to include in a quantitative assessment. 
 

The DNEL derived by ECHA was derived from a study showing reduced growth and survival of newborn 
mice: 
 
Lau et al (2006) found increased incidence of full litter loss and some additional increased neonatal 
mortality beginning at doses of 5 mg/kg/day during gestation days 1-17. Birth weights were only 
affected at doses >20 mg/kg/day, but a decreased pup growth rate in the order of 25-30% during 
postnatal days 13-23 was observed at doses of 3 mg/kg/day and higher, resulting in a NOAEL of 1 
mg/kg/day and a calculated benchmark dose lower limit (BMDL5) of 0.86 mg/kg/day (for reduced pup 
growth). The serum concentration was roughly 20,000 ng/mL in the dams exposed to 1 mg/kg/day at 
gestation day 18. As there was some uncertainty concerning the serum PFOA concentration in the dams 
at the BMDL5, RAC preferred to use the NOAEL of 1 mg/kg/day. The estimated corresponding serum 
concentration gave a NOAEL of approximately 20,000 ng/mL. 
 
RAC acknowledged the extreme difference in half-lifes between mice and humans (perhaps 3 weeks vs 
several years), which introduces uncertainty in the assessment that was therefore handled in a 
qualitative manner in the risk characterisation.  
RAC used a total assessment factor of 12.5 (2.5 x 5), resulting in a worker derived no effect level (DNEL) 
of 1,600 ng/mL. The corresponding DNEL for the general population was then 800 ng/mL, using an 
intraspecies assessment factor of 10. 
Although difficult to compare, is seems that the EFSA TDI from 2008 and the DNEL proposed by RAC are 
within the same order of magnitude. 
 
The conclusion by ECHA was that for the general population, there is no concern based on the current 
level of knowledge and the risk characterization above. 



 
 

 

 

PFOS 
EFSA 2018 
 

For PFOS, three studies on serum cholesterol (Steenland et al., 2009; Eriksen et al., 2013; Nelson et al., 
2010) showed very similar BMDL5 levels expressed as serum PFOS (21 – 26 ng/mL), corresponding to an 
estimated chronic daily intake of 1.7-2.1 (median 1.8) ng/kg bw per day as calculated with a PBPK-model 
for humans. 

 

Evaluation of the epidemiological studies showing a relationship 
between PFOA/PFOS exposure and cholesterol levels 
 

General comments to epidemiological studies 
This epidemiological assessment investigates data from three studies showing a relationship between 
PFOA and PFOS and cholesterol levels in blood, respectively. These studies formed the major basis of the 
latest risk assessment of PFOA and PFOS. 

The three studies, Steenland, Eriksen and Nelson are all cross-sectional studies and therefore analyze 
snapshots. Cross-sectional studies should not be used to derive causality on their own, as they have 
more general weaknesses, the most important of which are: 

1) They cannot distinguish between what came first: hypothetical causa or the effect, but merely 
describes a relationship between the two at a given time. 

2) Only associations between the factors that are included in the models can be found. Influences from 
confounders not included in the study cannot be excluded. 

3) The ability of a study to show a relationship depends on how many and what kind of people are being 
investigated. 

The three studies investigate different populations in different geographical areas. One study looks at a 
high-risk population with high PFOA/PFOS levels (Steenland), while the others look at more normally 
exposed populations. Nelson's study population covers many age groups although they are not 
particularly detailed described, whereas Eriksen is looking at an aging population, mostly men. 
Generally, there are good solid studies, where the authors show a good understanding of the 
importance of study design and analysis on the interpretation of their results. None of the three studies 
claim to find causality. 



 
 

 

 

Confounding 
All three studies adjust for confounding with known risk factors for cholesterol. All three include the 
usual: age, sex and BMI and additionally they have all smoking, alcohol intake, and different goals for 
physical activity and social economic status. Nelson and Eriksen also include targets for different types 
of intake (fat and eggs) and Nelson includes additional births and serum albumin. Only Eriksen includes 
diabetes. Eriksen finds that diabetes enhances the relationship between PFOS and cholesterol, which 
means that other studies may underestimate this relationship when they omit diabetes from their 
models. 

 

Model choice and model fit for data 
Steenland is the only study that provides some estimation (model-fit) of how much PFOs explain the 
total cholesterol amount. They find that PFOs + co variables explain about 14-26% of the variance of 
cholesterol concentrations in the population. 

The other studies present no goals for model fit, as an explanation of how well the models fit data and 
how much they explain the relationship, which is a weakness in the studies. However, EFSA has modeled 
on data and reached some conclusions. 

Biological relevance 
In general, the articles find small associations and consideration should be given to their biologically 
relevant. Nelson finds that 1.22 μg/l increase in PFOA corresponds to 1 mg/dl cholesterol increase. 
Steenland finds that people in the highest quartile of PFOA have 1.38 (CI: 1.28-1.5) times more likely to 
have cholesterol> 240 mg/dl than lower cholesterol levels. This is a very low probability at the high end 
of the PFO's scale. In infectious epidemiology, 2 times is the rule of thumb for minimum probability of 
biologic relevance. 

 

Comments on individual articles 
Like all studies, these three articles have limitations and the authors have made decisions that affect 
their results. Below are the major limitations of the studies described in each article. 

 

Nelson study 
• The article is sparse on design details. 

• It is difficult to assess which population is represented. It looks like a cross section of 860 people from 
the American population (12-80 years) is included. 

• Authors include covariants, but do not explain which ones are used in the different models. 



 
 

• They find divergent results, which reduces the strength of their conclusion. 

 

• The biggest weakness of this study is the way they have chosen to exclude outliers, since the authors 
have excluded values that influence association (> 5%). They do not describe what data they have 
removed on this basis and it cannot be excluded to have influenced the outcomes by doing this.  

 

Steenland study  
• A very large study population of 46,294 persons, which is positive. It is a high-exposure group with 
high levels of PFOs, but normal cholesterol levels. 

• It is unknown whether the relationships found in this high-exposure study group are the same as in a 
generally exposed population. That this may be the case, however, is supported by the findings of the 
other two studies in the more general populations. 

• There is probably a time lag between exposure to contaminated water and blood sampling. 

• Authors included co-variables, but did not include any biological or intake co-variables. This can 
increase the risk that the measured effects are due to something other than what they have measured. 

• The authors found small R2 that describes how much of the cholesterol variance can be explained by 
PFOs. It is between 14 and 26%. 

• Small, but significant differences were found. For the highest PFOA quartile, you have 1.38 times the 
likelihood of having> 240 mg/dl of total cholesterol than if you were in the lowest quartile. It can be 
discussed whether this has biological relevance. Same order of magnitude (1.5 times) for PFOS. 

 

Eriksen study 
• The study population was 753 people selected from a control group in a cancer study. It is a very 
common approach to use a control group from another study. However, it is a very uniform group of 50-
65 year-olds, most of whom are men. 

• Authors included many co-variables including intake and diabetes. They found that gender changes 
the relationships and that diabetes were also very important for the relationship between PFOS and 
cholesterol. They found no effect of BMI, but this may be because their study population was very 
homogeneous. 

• They do not indicate any estimates for model outputs. How much does PFOA and PFOS explain the 
cholesterol variance? Is it 15% or 85%? 

• The authors themselves state that the effects they find are small and it is unclear how big the 
biological relevance is. 



 
 

Conclusion 
Generally, these are good studies, but they all have their limitations and are a product of the decisions 
the authors have taken during the study process. 

It is DTU's opinion that when the three studies find more or less the same results on different 
populations, it increases the certainty of coherence between PFOs exposure and increased cholesterol. 
However, consideration should be given to the biological relevance of this increased risk and whether 
there may be confounders that were not been taken into account. 

 

Evaluation of the study on transgenic humanized mouse model showing 
species differences in PFOA-induced cholesterol increase 
 

A transgenic mouse strain has been generated with the murine PPARa being replaced by the human 
counterpart. This mouse model was used to study whether hPPARa mediates not only metabolic 
alterations but also liver growth, an effect considered causally involved in hepatocarcinogenesis. By 
studying fibrates in these animals it was deduced that the regulation of lipid metabolism by PPARa is 
disconnected from the regulation of cell proliferation involved in hepatic cancer. 

One study investigated the effect of PFOA in the PPARa-humanized murine model (Nakamura et al., 
2009). Male wild-type, PPARa-/- and hPPARa mice received the ammonium salt of PFOA at 0, 0.1, or 0.3 
mg/kg bw per day for 2 weeks by gavage. PFOA increased both hepatic mRNA and/or protein levels of 
PPARa target genes (Cyp4a10, peroxisomal thiolase, bifunctional protein) and the relative liver weight 
only in wild-type but not in PPARa-/- or hPPARa mice. 

In hPPARa animals, PFOA lowered the intrahepatic cholesterol concentration, but elevated serum 
cholesterol significantly compared to mPPARa mice.  

On the other hand, PFOA increased the hepatic TG and cholesterol levels only in mPPARa mice. 

The conclusion from this other studies is that there are clear species differences in PPARa response to 
PFOA and in general the hPPARa seems to be less responsive to PFOA than the mouse variant. 

• The transgenic mice were obtained from US National Institute of Health 
• 8 week old offspring male mice were treated for 2 weeks with 0, 0.1, or 0.3 mg/kg PFOA 
• From the three mouse lines mPPARa, PPARa null and hPPARa a total of 13, 18, and 15 mice were 

divided into three treatment groups resulting in 4-6 animals per group 
• The body and liver weights of hPPARa mice were smaller than those of the other mouse lines. 

Body weights were not affected by PFOA in any mouse line 
• Total cholesterol and triglycerides were measured by commercial available kits in livers and 

plasma of the animals 
• The expression of PPAR was higher in the humanized model than in the mouse model 

The study seems to be well performed according to general standards, although the number of animals 
per group of 4-6 do not represent a typical guideline study. A modest increase of plasma total  



 
 

 

 

cholesterol was seen with PFOA in the hPPARa animals (compared statistically to mPPARa animals) but 
not in the mPPARa animals (as shown in fig. 3A) and this forms the basis for including this in the EFSA 
risk assessment. However, the authors hypothesize that this cholesterol increase may not influence 
human workers under the known exposure levels at that time, although internal PFOA levels were not 
measured in the animals. 

Overall, the result of this study supports the results of the epidemiological studies. 

 

 

DTU opinion on selected critical effect levels 
In light of the number of human epidemiological studies indicating associations of PFOA exposure with 
increased cholesterol levels and decreased birth weight, it is our evaluation that we should not neglect 
these studies in the risk assessment. This is one of the rare cases, where we have fairly robust human 
data and in light of the well-known species differences, we should not rely on animal experiments only 
in the risk assessment. One thorough risk assessment of PFOA has been performed in recent years 
(Restriction proposal made by Germany and Norway for ECHA, 2014) followed up by this draft risk from 
EFSA (unpublished) and both conclude that the risk assessment should be based on existing human 
evidence. 

The opinion of DTU is in agreement with the recent EFSA evaluation. We note with satisfaction that 
human studies now form the basis of the evaluation and that the established TDIs protect against 
cholesterol increases caused by PFOs as well as impaired immune response and decreased birth weight 
(although the latter endpoint was not included in the evaluation). The TDI set by EFSA for PFOS has been 
reduced by a factor of ~80 (from 2008 to 2018), whereas the TDI for PFOA has been reduced by a factor 
of ~1700 and this seems justified. As PFAS are persistent it seems reasonable to base the TDI on a 
weekly intake. A considerable proportion of the human population exceed these TDIs, , especially as 
humans are exposed to several other PFAS that are expected to have the same mode of action and 
therefore contribute to a cummulated mixture effect. 

Effects on cholesterol are also of relevance in children (Bao et al. 1996). Atherosclerotic cardiovascular 
disease remains a common cause of death, which begins in childhood and progresses into adulthood 
(Steinberger and Daniels, 2003). It is known that risk factors and risk behaviors that accelerate the 
development of atherosclerosis begin in childhood (Steinberger and Daniels, 2003). These include 
elevated serum total cholesterol and low-density lipoprotein cholesterol levels and reductions of these 
in childhood may reduce cardiovascular morbidity and mortality in adulthood. 
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 Tolerable Intakes of PFOS & PFOA 
  EFSA 2008 

(foods) 
Danish EPA 2015  
(drinking water, soil, 
ground water) 

EFSA 2018 
(foods) 

PFOS  150 ng/kg/day 30 ng/kg/day 13 ng/kg/week 
~1.86 ng/kg/day 

TDI 
based 
on: 

Subchronic exposure 
in Cynomolgus 
monkeys showing 
changes in lipids and 
thyroid hormones. 
NOAEL: 30 µg/kg/day 
UF: 200 
 

Liver toxicity after chronic 
exposure of rats 
BMDL10: 33µg/kg/day 
UF: 41x3x10 (Clearance 
differences) 
=33/1230=0.03 µg/kg/day 

Serum cholesterol increase in 
humans; 
Antibody response at 
vaccination in children (NOAEL 
170 µg/kg/day) 
(plus reduced birth weight in 
humans) 
RfD (chronic) 
=1.8ng/kg/day=13ng/kg/week 
UF: no 
 

PFOA  1500 ng/kg/day 100 ng/kg/day 6 ng/kg/week 
~0.86 ng/kg/day 
 

TDI 
based 
on: 

Liver toxicity in 
rats/mice. 
BMDL10 of 
300µg/kg/day 
UF: 200 
 

Liver toxicity after 90 day 
exposure of rats 
BMDL10: 456µg/kg/day => 
HED- BMDL10 : 3 µg/kg/day 
UF: 3x10  
=3/30=0.1 µg/kg/day 

Serum cholesterol increase in 
humans 
(plus reduced birth weight & 
increase of liver ALT in 
humans) 
RfD (chronic) 
=0.8ng/kg/day=6ng/kg/week 
UF: no 
 



 
 

 

 

 

The derivation of TDIs for PFOS and PFOA performed by EFSA in 2008 was based on a monkey and a rat 
study, respectively.  

The derivation of TDIs for PFOS and PFOA performed by Danish EPA in 2015 (performed by DHI) was 
based on liver toxicity observed in rat studies, and the calculations were closely related to the RfD 
derivation performed by the US-EPA in 2014. 

The derivation of TDWs for PFOS and PFOA performed by EFSA in 2018 was based on human 
epidemiological studies. 

The well-known toxicokinetics differences between rodents and humans for PFAS contribute to the 
discrepancy of the evaluations, but there also seem to be marked toxicodynamic differences. 
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