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A B S T R A C T

Aims: Some persistent organic pollutants (POPs) such as hexachlorobenzene (HCB) and some polychlorinated
biphenyls (PCBs) have been shown to interfere with myocardial function and geometry. We therefore in-
vestigated if also another group of POPs: per- and polyfluoroalkyl substances (PFASs) were associated with
alterations in left ventricular geometry.
Methods: 801 subjects aged 70 years were investigated in a cross-sectional study within the scope of the
Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS) study. Eight PFASs were detected
in>75% of participants´ plasma by ultra-performance liquid chromatograph/tandem mass spectrometry. Left
ventricular geometry was determined by echocardiography. Multivariable linear regression was used to in-
vestigate the associations between PFASs and left ventricular geometry of the heart after exclusion of subjects
with previous myocardial infarction (n=72).
Results: When adjusting for multiple comparisons, none of the eight PFASs evaluated were significantly related
to left ventricular mass. However, perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), and per-
fluoroundecanoic acid (PFUnDA) were related to relative wall thickness (RWT) in a negative fashion
(p < 0.0021). Besides being inversely related to RWT, PFNA was also positively related to left ventricular end-
diastolic volume (LVEDD) (p < 0.0021). These analyses were adjusted for traditional cardiovascular risk fac-
tors.
Conclusion: In this cross-sectional study, several of the PFASs evaluated, especially PFNA, were related to
myocardial geometry: a reduction in relative wall thickness and an increase in left ventricular diameter fol-
lowing adjustment for traditional cardiovascular risk factors, suggesting a role for PFASs in cardiac remodeling.

1. Introduction

It has been known for many years now that per- and polyfluoroalkyl
substances (PFASs) can be detected in human and environmental
samples all over the world, from the Great Lakes in North America to
the Pearl River in China (Lau et al., 2007; Boulanger et al., 2004; So
et al., 2007; Stubleski et al., 2016). PFASs have highly desirable prop-
erties and are therefore used in a vast number of products such as
textiles, paper and food packaging, cosmetics, non-stick products and
electric equipment (Buck et al., 2011). However, knowledge about
possible adverse health effects from PFASs exposure is scarce, and

epidemiological studies on the effects of PFASs on the adult heart are
lacking. Although a few animal studies on developmental cardiotoxicity
have been performed, studies on humans are needed to confirm the
results of animal studies and to help restrict the use of substances ha-
zardous to human health.

In humans, remodeling of the left ventricle of the heart is associated
with increased morbidity and mortality in cardiovascular disease
(CVD), besides being an independent risk factor for death due to any
cause (Ghali et al., 1992; Koren et al., 1991). There are a number of
well-known risk factors for left ventricular hypertrophy (LVH) such as
hypertension, diabetes, hyperlipidemia and obesity (Levy et al., 1988;
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Saunders et al., 2008; Ho et al., 1993). However, LVH is multicausal,
and less well-known risk factors can play a significant role in the de-
velopment of LVH. Recently, some persistent organic pollutants (POPs),
such as hexachlorobenzene (HCB) and some polychlorinated biphenyls
(PCBs), have been shown to be associated with increased wall thickness
of the left ventricle, ventricular remodeling, and impairments in left
ventricular systolic and diastolic function (Sjoberg Lind et al., 2013a;
Sjoberg Lind et al., 2013b). Previous studies have reported associations
between PFASs exposure and developmental cardiotoxicity in chicken
(Jiang et al., 2012), as well as atherosclerosis in the elderly (Lind et al.,
2017; Jiang et al., 2012). Given these results, and considering that
PFASs are also classified as POPs, it is desirable to investigate whether
also PFASs affect the geometry of the adult human heart. Therefore, the
aim of the present cross-sectional study was to investigate the asso-
ciation between circulating levels of PFASs and alterations in left ven-
tricular geometry in a 70-year-old population in Sweden in the Pro-
spective Investigation of the Vasculature in Uppsala Seniors (PIVUS)
study.

2. Method

2.1. Participants and sampling - PIVUS study

Data was collected from the Prospective Investigation of the
Vasculature in Uppsala Seniors (PIVUS) study. Participants were
70 years old, and just over half were female (52%). For details on
subjects and basic investigation, see (Lind et al., 2005). In total, 1016
subjects participated in the study. Participants with previous myo-
cardial infarction were excluded from this present study (n=72), since
a myocardial infarction can alter left ventricular geometry. Following
exclusion (previous heart attack) and deficient quality of ultrasound
and information on confounders, the final number of subjects used for
statistical calculations was 801. Informed consent was given by all
participants, and the study was approved by the Ethics Committee of
Uppsala University.

Basic characteristics were collected, presented in Table 1. To eval-
uate alcohol and energy consumption, a seven-day recording of all food
and drinking items consumed by the participants was performed. All of
the above baseline information was collected using standardized
methods (self-reported questionnaires filled in at home right before the
examination, fasting plasma samples for determinations of glucose and
lipids, and clinical examination). Glomerular filtration rate (GFR) was
estimated by measurements of serum creatinine using the MDRD
(Modification of Diet in Renal Disease) formula (Levey et al., 1999).

2.2. Analysis of PFASs

Details on the analysis of PFASs have previously been described
(Salihovic et al., 2013). A total of eight PFASs for which>75% of the
study population showed measurable levels above the lower level of
detection were evaluated in the present study: perfluoroheptanoic acid
(PFHpA), perfluorohexane sulfonic acid (PFHxS), linear isomer of per-
fluorooctane sulfonic acid (L-PFOS), perfluorooctanoic acid (PFOA),
perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), per-
fluorooctane sulfonamide (PFOSA), perfluoroundecanoic acid
(PFUnDA). These PFASs were measured in serum using ultra-perfor-
mance liquid chromatography coupled to tandem mass-spectrometry
(UPLC-MS/MS).

2.3. Echocardiography

For details on performance of the echocardiography see Sjoberg
Lind et al. (2013a). The M-mode measurements performed were: in-
terventricular septum (IVS), posterior wall thickness (PW), and left
ventricular end diastolic diameter (LVEDD). From these values, the
relative wall thickness (RWT) was calculated (RWT= (IVS+PW)/

LVEDD). To determine the left ventricular mass (LVM), the Penn con-
vention was applied, and thereafter indexed for height2.7 to retrieve left
ventricular mass index (LVMI). A technician unaware of other collected
data performed the evaluation of the left ventricular data.

2.4. Statistics

To obtain normal distributions of the skewed PFASs, the data was
log transformed. To evaluate the relationships between the different
PFASs and left ventricular geometry, linear regression analysis was used
with LVMI, RWT and LVEDD as dependent variables in different models
and the PFASs as independent variables in separate analyses for each
PFASs. As a first step the regression model was adjusted for sex only
(same age for all subjects). Thereafter multiple adjustments were made
for classical risk factors for LVH and life-style factors (sex, blood pres-
sure, antihypertensive medication, high density lipoprotein (HDL) and
low density lipoprotein (LDL), cholesterol, blood glucose, waist cir-
cumference, triglycerides, body mass index (BMI), education levels,
exercise habits, smoking, energy consumption and alcohol intake). As
an additional step, the squared form of the PFAS data was included to
analyze potential non-linear relationships. Furthermore, an interaction
term between the PFASs and sex was included to investigate possible
differences between the sexes. Stata 14 (Stata, College Station, TX,
USA) was the statistical software used for the calculations. The critical
p-value for significance was set to 0.0021 according to the Bonferroni
correction (0.05/8 PFASs/3 outcomes).

Table 1
Basic characteristics and major cardiovascular risk factors of the subjects
(n=801).

Women/men (%) 417/384 (52)

High degree of education, n (%) 200 (25)
Current smoking, n (%) 80 (10)
Regular physical activity, n (%) 216 (27)
Waist circumference (cm) 90.91 ± 11.6
Fasting blood glucose (mmol/l) 5.29 ± 1.5
Systolic blood pressure, (mmHg) 149.74 ± 22.53
HDL-cholesterol (mmol/l) 1.53 ± 0.43
LDL-cholesterol (mmol/l) 3.42 ± 0.86
Serum triglycerides (mmol/l) 1.27 ± 0.59
BMI (kg/m2) 26.96 ± 4.31
Energy consumption per day (kcal) 1883.4 ± 464.9
Alcohol consumption, g/day 2.55 ± 2.81
Antihypertensive treatment, n (%) 240 (30)
PFHpA ng/ml (SD) 0.7 ± 0.7
PFHxS 3.41 ± 3.64
L-PFOS 14.9 ± 8.88
PFOA 3.59 ± 1.69
PFNA 0.8 ± 0.43
PFDA 0.34 ± 0.15
PFOSA 0.14 ± 0.14
PFUnDA 0.31 ± 0.14
LVMI (g/m2.7) 42.48 ± 12.79
LVEDD (mm) 46.79 ± 5.35
RWT 0.44 ± 0.09

Values expressed as n, means ± SD or medians (25th to 75th percentile).
The mean concentration of PFASs is given as SD, ngmL−1. High degree of
education is defined as> 9 years of education. Regular physical activity is
defined as moderate or hard physical activity> 1 time per week. HDL, High
density lipo-protein; LDL, Low density lipo-protein. PFASs, Per- and poly-
fluoroalkyl substances; Perfluoroheptanoic acid (PFHpA), Perfluorohexane
sulfonic acid (PFHxS), Linear isomer of perfluorooctane sulfonic acid (L-
PFOS), Perfluorooctanoic acid (PFOA), Perfluorononanoic acid (PFNA),
Perfluorodecanoic acid (PFDA), Perfluorooctane sulfonamide (PFOSA),
Perfluoroundecanoic acid (PFUnDA). Heart geometry: LVMI, Left ventricular
mass indexed for height2.7; LVEDD, Left ventricular end diastolic diameter,
RWT, Relative wall thickness of the left ventricle.
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3. Results

General characteristics of the participants are presented in Table 1.
Table 2 and Figs. 1 and 2 show the results regarding the linear re-
lationships for all PFASs and heart measurements, and the results for
PFNA levels in relation to LVEDD and RWT. When adjusting for mul-
tiple factors (sex, blood pressure, antihypertensive medication, HDL
and LDL-cholesterol, blood glucose, waist circumference, triglycerides,
BMI, education levels, exercise habits, smoking, energy and alcohol
intake), none of the PFASs were significantly related to LVMI. However,
several of the PFASs evaluated were related to RWT in a negative
fashion, with PFNA (p=0.0018), PFDA (p=0.0009) and PFUnDA
(p=0.001) being significant in the multiple adjusted model. Additional
adjustment for GFR did only reduce the power of these relationships in
a minor fashion, being still significant (now p=0.013 for PFNA,
p=0.002 for PFDA and p=0.002 for PFUnDA).

Those PFASs being inversely related to RWT were also positively
related to LVEDD. However, PFNA (p=0.0006) was the only PFAS
with statistically significant associations in the multiple adjusted
models, PFDA (p=0.03), PFUnDA (p=0.01). Additional adjustment
for GFR did not alter these relationships in any substantial way (now
p=0.009 for PFNA, p=0.02 for PFDA and p=0.005 for PFUnDA).

Introducing quadratic terms for the PFASs in the models did not
disclose any significant relationships not found in the linear analyses.
Further, no major low-dose effects or inverse U-shaped relationships
were disclosed by this non-linear analysis. No significant interactions
between sex and the PFASs regarding the indices of left ventricular
geometry were found.

4. Discussion

The results of this cross-sectional study demonstrate that elevated
levels of several PFASs are associated with increased LVEDD, as well as
decreased RWT in an elderly population in Uppsala. These associations
were mainly found for the longer-chained PFASs.

To our knowledge, this present study is the first to investigate as-
sociations between levels of PFASs and left ventricular geometry in
humans. A previous study using PIVUS data has reported a relationship
between another environmental contaminant, HCB, and abnormal left
ventricular geometry (Sjoberg Lind et al., 2013a). The current study has
expanded our knowledge on which POPs that might have adverse ef-
fects on heart geometry, now including several PFASs. Changes in left
ventricular geometry are a risk factor for CVD in general, and LVH is an
established risk factor for heart failure (Ghali et al., 1992; Koren et al.,
1991). Interestingly, in the PIVUS-cohort, HCB and PFNA seemed to

Table 2
Linear relationships between circulating levels of eight PFASs (all log-trans-
formed) and left ventricular mass (LVMI), relative wall thickness (RWT) and left
ventricular end-diastolic volume (LVEDD).

Sex-adjusted Multiple adjusted

Variable Beta (95% CI) p-Value Beta (95% CI) p-Value

LVMI
PFHpA −0.5 (−1.64, 0.64) 0.39 −1.11 (−2.05, −0.17) 0.02
PFHxS −1.18 (−2.23, −0.13) 0.03 −0.23 (−1.11, 0.65) 0.61
L-PFOS −0.45 (−1.05, 0.96) 0.93 0.12 (−0.73, 0.97) 0.78
PFOA −1.80 (−3.32, −0.27) 0.02 −0.65 (−1.94, 0.65) 0.33
PFNA 0.85 (−0.62, 2.32) 0.26 0.43 (−0.82, 1.68) 0.50
PFDA −2.02 (−4.09, 0.06) 0.06 −1.22 (−3.03, 0.59) 0.19
PFOSA −1.79 (−3.18, −0.39) 0.12 −1.13 (−2.26, 0.01) 0.52
PFUnDA −1.79 (−3.70, 0.12) 0.07 −0.55 (−2.27, 1.17) 0.53

RWT
PFHpA 0.003 (−0.004, 0.01) 0.37 −0.001 (−0.01, 0.01) 0.75
PFHxS −0.01 (−0.01, 0.002) 0.13 −0.002 (−0.01, 0.01) 0.52
L-PFOS −0.01 (−0.01, 0.001) 0.02 −0.01 (−0.01,

−0.001)
0.03

PFOA −0.01 (−0.02,
−0.003)

0.01 −0.12 (−0.22,
−0.001)

0.03

PFNA −0.01 (−0.02,
−0.001)

0.03 −0.02 (−0.03, −0.01) 0.0018

PFDA −0.02 (−0.03, −0.01) 0.003 −0.02 (−0.04, −0.01) 0.0009
PFOSA −0.01 (−0.02, 002) 0.12 −0.004 (−0.01, 0.01) 0.33
PDUnDA −0.02 (−0.03, −0.01) 0.001 −0.02 (−0.35, −0.01) 0.001

LVEDD
PFHpA −0.17 (−0.61, 0.26) 0.43 −0.26 (−0.70, 0.18) 0.25
PFHxS −0.13 (−0.53, 0.28) 0.54 0.01 (−0.4, 0.42) 0.96
L-PFOS 0.45 (0.06, 0.83) 0.02 0.47 (0.08, 0.87) 0.02
PFOA 0.29 (−0.29, 0.88) 0.33 0.58 (−0.03, 1.18) 0.06
PFNA 0.95 (0.39, 1.51) 0.0009 1.01 (0.43, 1.58) 0.0006
PFDA 0.49 (−0.31, 1.28) 0.23 0.95 (0.11, 1.79) 0.03
PFOSA −0.21 (−0.73, 0.31) 0.43 −0.14 (−0.66, 0.38) 0.60
PFUnDA 0.53 (−0.20, 1.25) 0.16 1.04 (0.25, 1.84) 0.01

The results are adjusted for sex as well as for multiple factors (sex, systolic
blood pressure, antihypertensive medication, high density lipoprotein (HDL)
and low density lipoprotein (LDL)-cholesterol, blood glucose, waist cir-
cumference, triglycerides, body mass index (BMI), education levels, exercise
habits, smoking, energy and alcohol intake). Regression coefficient (Beta) is
given with p-values and 95% CI for the following log-transformed PFASs:
Perfluoroheptanoic acid (PFHpA), Perfluorohexane sulfonic acid (PFHxS),
Linear isomer of perfluorooctane sulfonic acid (L-PFOS), Perfluorooctanoic acid
(PFOA), Perfluorononanoic acid (PFNA), Perfluorodecanoic acid (PFDA),
Perfluorooctane sulfonamide (PFOSA), Perfluoroundecanoic acid (PFUnDA).
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Fig. 1. Relationship between circulating levels of PFNA (on a ln-scale, ng/ml)
and left ventricular end-diastolic volume (LVEDD) illustrated with predictive
margins (p=0.0006).
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thickness (RWT) illustrated with predictive margins (p=0.0018).

I. Mobacke et al. Environment International 115 (2018) 295–300

297



have opposite effects on the heart, with HCB being linked to a con-
centric left ventricular remodeling and increased wall thickness
(Sjoberg Lind et al., 2013a). This whereas PFNA in this present study
was related to dilation of the left ventricle and a reduction in relative
wall thickness. In the case of HCB and PFASs, the adverse effects on the
heart are potentially antagonistic, illustrating that the task of under-
standing the properties and adverse effects of environmental con-
taminants is complex.

4.1. Potential mechanisms

The healthy heart mainly relies on free fatty acids as energy sub-
strate, but also on free glucose to a smaller extent. In the failing heart
there is an increase in the cardiomyocytes glucose utilization. Quite the
contrary happens in failing hearts of patients with diabetic cardio-
myopathy, whose cardiomyocytes increase their fatty acid uptake and
reduce their glucose utilization. Changes seen in diabetic cardiomyo-
pathy are for instance left ventricular hypertrophy and dysfunction
(features not unique for the diabetic heart). The Peroxisome proliferator
activated receptor-α (PPAR-α) is a nuclear receptor and is amongst
others known to regulate lipid metabolism. The gene pathways of the
PPAR family have been implicated in the development of CVD (Mistry
and Cresci, 2010). Furthermore, PPAR-α has been reported to regulate
substance preference in the heart of mice, where an overexpression of
PPAR-α resulted in an increased fatty acid uptake and a reduction in
glucose utilization in the cardiomyocytes, similarly to the changes seen
in diabetic cardiomyopathy (Finck et al., 2002; Finck and Kelly, 2002).
Several studies have shown that PFASs have the ability to stimulate
PPAR-α in vitro and in mice (Wolf et al., 2012; Wolf et al., 2010). This
indicates that PFASs could possibly have a role in changes in the heart
similar to those seen in diabetic cardiomyopathy, mediated through
PPAR-α (Finck et al., 2002; Wolf et al., 2012; Wolf et al., 2010). In
chicken, developmental cardiotoxicity with PPAR-pathway involve-
ment has been seen after exposure to PFOA, with effects such as thin-
ning of the right ventricle wall, increased left ventricular wall thickness
and increased heart rate (Jiang et al., 2012). Although it is known that
several PFASs are peroxisome proliferators, it is hard to draw any
conclusions concerning effects on the heart without having studied the
direct effect of PFASs on the PPARs in the adult heart. Furthermore,
most studies on PPAR activation have been done with an exposure re-
sulting in higher blood levels of PFASs than observed in our study. It is
however intriguing that the substance preference of the heart might
play a role in PFASs' cardiotoxicity.

The three PFASs in our study with a significant association to heart
geometry are all classified as long-chain, since they have 9 carbons
(PFNA), 10 carbons (PFDA) and 11 carbons (PFUnDA), respectively.
Long-chained PFASs have a greater potential for bioaccumulation into
living organisms, compared to short-chained PFASs, which is most
probably due to their long half-lives. The importance of chain length of
PFAS has for example been demonstrated in previous studies showing
that the longer the carbon chain, the greater the effect on PPAR-α (Wolf
et al., 2012; Kudo et al., 2006; Rosenmai et al., 2018). However, the
length of the carbon chain only seems to increase PPAR-α activity up to
9 carbons, molecules longer than that have a lower ability of inducing
effects on PPAR-α, and in one study PFDA did not seem to activate
human PPAR-α at all (Wolf et al., 2012). Similarly in a recent study of
human liver cells, the highest induction of PPAR-α activity was ob-
served after treatment with PFHxA, PFHpA, PFOA, PFNA but also
PFDA, moreover, in this study PFUnDA did not seem to activate PPAR-α
at all while even longer chain alkyls such as PFDoDA and PFTeDA did
(Rosenmai et al., 2018). Due to the similarity in structure amongst
many PFASs they are expected to produce their effects in similar ways
on PPAR-α and also having additive effects when combined (Wolf et al.,
2014). It is therefore somewhat contradictory that the PFASs occurring
at highest levels, see Table 1 (L-PFOS 14.9 ng/ml; PFOA 3.59; PFHxS
3.41) in our study were not the ones with significant associations with

heart geometry. This implies that the PPAR pathway might not solely be
responsible for the observed effects as has been suggested previously
(Rosen et al., 2017). Additionally, the majority of mechanistic studies
have been made on PFOS and PFOA, therefore many of the potential
modes of action might not fully apply for the PFASs for which we ob-
served significant associations in our study.

Risk factors in the development of cardiac hypertrophy and re-
modeling might be oxidative and nitrosative stress (Elahi et al., 2007).
Nitric oxide is an important regulator of vasculature function, together
with arachidonic acid it regulates fatty acid oxidation and smooth
muscle contraction. PFASs have been found to induce both oxidative
and nitrosative stress in vitro, in vivo and in humans (Wang et al., 2017;
Han et al., 2018; Wielsøe et al., 2015).

Other possible mode of actions for PFASs are through the Bone
morphogenetic protein-pathway, Constitutive androstane receptor
(CAR) and Pregnane X-receptor (PXR), of which most have been shown
to have a possible role either in the development or in the function of
the heart in animals and in vitro (Abe et al., 2016; Jiang et al., 2013; Ren
et al., 2009). Another interesting receptor that might me relevant in the
context is the Aryl hydrocarbon-receptor, which is suggested to have a
role in the development of CVD, and that has been shown to be acti-
vated by PFASs (Lund et al., 2003; Long et al., 2013).

Of particular interest regarding the role of PFASs on the heart is the
role of mitochondrial dysfunction. Mitochondrial dynamics and mor-
phology can be altered for instance through fission and fusion, pro-
cesses controlled by several proteins. The role of fission and fusion
proteins seems to differ between the developing and the adult heart
(Ong et al., 2013). Furthermore, the movement of the mitochondria in
the adult heart is much more limited since they are tightly packed,
suggesting that the role of fission and fusion might be less important in
the adult heart. However, cardiac ablation of the fusion proteins mi-
tofusins 1 and 2 in the adult heart of mice has shown to result in severe
dilated cardiomyopathy (Chen et al., 2011). The interest for PFASs'
possible mitochondrial toxicity is continuously gaining more attention.
Mitochondrial pathways, together with a number of other possible
pathways such as nuclear lipid hyperaccumulation, may even play an
even more important role than the more classical pathways such as
activation of PPARs, CAR or PXR (Li et al., 2017). Studies on animals
and humans show that mitochondrial pathways are important in the
toxic effects of both PFOS and PFOA, possibly involving uncontrolled
fission and fusion processes in the mitochondria (Han et al., 2018; Li
et al., 2017; Quist et al., 2015). Rats prenatally exposed to PFOS have
been shown to develop alterations in mitochondrial dynamics including
mitochondrial damage, adenosine triphosphate - production and mi-
tochondria - mediated apoptosis (Xia et al., 2011; Zeng et al., 2015;
Kleszczynski et al., 2009). Furthermore, studies of stem-cell derived
cardiomyocytes show that mitochondrial damage is important in PFOS'
cardiomyocyte toxic effects (Tang et al., 2017). It is hypothesized that
there are 3 main pathways of mitochondrial toxicity caused by PFASs:
uncoupling of oxidative phosphorylation, induction of mitochondrial
permeability transition and inhibition of mitochondrial respiration
(Wallace et al., 2013). Just as with PPAR-α it has been noted that
PFASs' toxic potency on mitochondria increases with its carbon length,
through PFDA (10 carbons) (Wallace et al., 2013).

Since the clearance of the PFASs might be effected by kidney
function and since also left ventricular geometry has been found to be
related to kidney function (Dai et al., 2017), we performed additional
adjustment for GFR, but did not find kidney function to influence the
PFASs vs RWT or PFASs vs LVEDD relationship in any major way given
the other confounders used in the models.

4.2. Limitations

A limitation to our study is that it was restricted to Caucasians aged
70, which means that the results cannot readily be extrapolated to other
ages or ethnic groups. However, given that our results were significant
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after adjusting for several confounders, the risk is low that they are
merely chance findings, but our results need to be replicated in addi-
tional prospective studies and there is a need for toxicological testing to
investigate the pathways responsible for the alterations in heart geo-
metry that were found in the present study. Prospective studies are less
prone to reverse causation (the outcome influence the exposure) than
cross-sectional studies, and are therefore of greater interest.

4.3. Conclusion

In conclusion, the results of this cross-sectional study demonstrate
that elevated levels of PFNA, PFDA and PFUnDA were associated with a
decreased RWT. PFNA was also associated with an increase in LVEDD.
The findings of this present study indicate that PFASs may play a role in
altered left ventricular geometry, which subsequently can increase the
risk of later clinically manifested cardiac disorders.
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