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Aims: Perfluoroalkyl substances (PFAS) are environmentally and biologically persistent synthetic environmental
contaminants linked to adverse health outcomes. Though null to modest inverse relationships between PFAS and
coronary heart disease (CHD) have been reported, studies regarding relationships in high risk populations such
as those with diabetes are sparse. We investigated the relationship of PFAS with CHD in persons with diabetes.
Methods: Data on 5270 adults, aged >20 years, with diabetes were obtained from the C8 Health Project. Four PFAS
were investigated separately: perfluorohexane sulfonate (PFHxS), perfluorooctanoic acid (PFOA),
perfluorooctane sulfonate (PFOS), and perfluorononanoic acid (PFNA).

Results: In logistic regression analyses adjusting for age, sex, diabetes duration, BMI, smoking, lipids, WBC, CRP,
eGFR, uric acid, hemoglobin and iron, all PFAS were inversely associated with CHD, ORs (95% Cls): PFHxS; 0.72
(0.65-0.79), PFOA; 0.90 (0.81-0.96), PFOS; 0.90 (0.81-0.99), PFNA; 0.88 (0.76-1.02). Stratification by chronic
kidney disease status revealed similar inverse relationships for those with and without chronic kidney disease.
Conclusions: In this cross-sectional study of over 5000 adults with diabetes, PFAS showed inverse associations
with CHD. These findings may, if confirmed in future studies, provide new physiologic understanding of CHD pre-
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vention strategies.
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1. Introduction

Coronary heart disease (CHD) is the major cause of death in diabetes.
In addition to traditional risk factors, common environmental expo-
sures, including persistent environment contaminants, may also influ-
ence CHD risk. Perfluoroalkyl substances (PFAS) are a class of highly
fluorinated chemicals, perfluorocarbons, with a wide variety of func-
tional groups and industrial and consumer uses. PFAS contamination
has raised public health concerns because these compounds are mobile
and persistent in the environment, are readily absorbed into most ver-
tebrate species, including humans, and have been linked to adverse
health effects.!

In epidemiological studies, exposure to the common PFAS,
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS),
has been weakly linked to higher cholesterol levels? and higher
serum uric acid levels,* which are risk factors for CHD. However,
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serum levels of these PFAS have also been inversely associated with
obesity and C-reactive protein, a measure of systemic inflammation
that has also been linked to CHD. Findings regarding the relationship
of PFAS with diabetes have been mixed, with most studies suggesting
no’® or inverse associations,’”® while a recent prospective study
found elevated risk of diabetes associated with PFOA and PFOS.'° How-
ever, few studies have examined the relationship between PFAS and
CHD, with most studies showing no association.>!!12

The mixed findings concerning the relationship of PFAS with health
outcomes may relate to the high oxygen carrying capacity of
perfluorocarbons,>~16 thus potentially mitigating any adverse effect
they may have on vascular health via anti-hypoxia properties. Indeed,
we have recently observed an inverse relationship between PFAS and
progression of chronic kidney disease,!” progression that is hypothe-
sized to be due to chronic hypoxia.'®-2° This inverse relationship was
stronger in persons with anemia or diabetes, a condition also character-
ized as a state of low grade chronic hypoxia.'”

Studies on the relationship of PFAS and CHD among persons with di-
abetes are lacking. The objective of this cross-sectional study was to in-
vestigate the relationship of CHD to concentrations of four common
PFAS in adults with diabetes. Our underlying hypothesis behind the
analyses presented in this report is that the high oxygen carrying capac-
ity of PFAS is protective against CHD.
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2. Materials and methods
2.1. Source of data

The C8 Health Project was created as part of a settlement after it was
found that PFOA had contaminated the drinking water of six water dis-
tricts in the mid-Ohio Valley in West Virginia and Ohio between 1950
and 2004. A post-hoc agreement between the settling parties of the
class action lawsuit created the C8 Health Project, a community-based
health survey designed to investigate the effects of exposure to PFOA-
contaminated drinking water.?! From August 2005 to August 2006,
baseline data were gathered on 69,030 individuals working or living
in the six PFOA-contaminated water districts, including those exposed
to contaminated private-well drinking water. Estimated participation
rate in the C8 Health Project among adult residents of the affected
water districts was 81%.%2

2.2. Clinical and biochemical analyses

The enrollment and data collection methods for the C8 Health Pro-
ject have been described in detail previously.?! The health survey col-
lected a wide range of serum and anthropometric measures, as well as
self-reported clinician diagnoses of medical conditions. Coronary heart
disease diagnoses included self-report of clinician-based diagnosis of
myocardial infarction, arteriosclerosis, and coronary artery disease
check off boxes, and an opportunity to write out diagnoses in a drop
down from “other heart disease” (specified by participants). Diabetes
was also based on self-report of clinician diagnosis, and this field also in-
cluded a drop down menu for the diabetes type and another drop down
for the age at disease onset. We obtained institutional review board ap-
proval at West Virginia University for access to the C8 Health Project de-
identified data for this study.

2.3. Subjects

There were 13,018 children and adolescents under the age of
20 years who were excluded from analysis. Of the remaining 58,712
study participants, 5296 reported a physician diagnosis of diabetes. Of
the 5296 with diabetes, 26 had missing data on the four major
perfluorocarbons of interest. The remaining 5270 with diagnoses of di-
abetes form the primary population for this study.

2.4. Measurements of PFAS (PFHXS, PFOA, PFOS, and PFNA)

As referred to in Conway, Innes et al.,” perfluoroalkyl substances
(PFAS), including PFOA, were analyzed at a single commercial labora-
tory. Details have been published.?! Briefly, the protein precipitation ex-
traction method with reverse phase high-performance liquid
chromatography/tandem mass spectrometry was utilized for PFAS as-
says. A triple quadrupole mass spectrometer in pre-selected reaction
monitoring mode, monitoring for the M/Z transitions of PFAS species
with an internal '3C PFAS standard corresponding to the target com-
pound, was utilized for detection of each PFAS. Four PFAS, PFHxS
(perfluorohexane sulfonate), PFOA, PFOS, and PFNA (perfluorononanoic
acid) were detected in the serum of over 90% of participants and are the
focus of the current study.

2.5. Calculation of eGFR

Serum creatinine was measured using a kinetic rate Jaffe method.??
Estimated glomerular filtration rate was calculated based on the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula.?* Chronic kidney disease was defined as an estimated glomer-
ular filtration rate of <60 mL/min/1.73 m?.

2.6. Statistical analysis

General linear models were used to test for differences in continuous
variables and the chi square test was used to test for differences in cat-
egorical data. Logistic regression was used to estimate the relationship
of each PFAS with coronary heart disease. Interaction terms that in-
cluded the PFAS were created by the cross products of the potential ef-
fect modifying variable and the addition of 1 to the log of the specific
PFAS. The criterion for statistical significance was a two-tailed p-value
of <0.10 for effect modification and <0.05 otherwise. Statistical analysis
was conducted using SAS version 9.4 (Cary, North Carolina).

3. Results
3.1. Characteristics of the population

Characteristics of the adult C8 Health Study participants with diabe-
tes stratified by CHD status are presented in Table 1. Persons with CHD
and diabetes tended to be older, male, marginally more likely to be
White, and more likely to have had diabetes for a longer period of
time. They were also more likely to have a history of smoking, chronic
kidney disease, higher uric acid levels, but tended to have a lower
BML, lower kidney function as measured by eGFR, and lower lipid levels.
Median PFHxS and PFNA were slightly lower among those with CHD
than among those without CHD.

3.2. Association between PFAS and CHD

In analyses controlling for age and sex, each PFAS was inversely as-
sociated with CHD (ORs = 0.81 (0.78-0.84) for PFHxS; 0.91 (0.89-
0.93) for PFOA; 0.85 (0.82-0.89) for PFOS; and 0.83 (0.78-0.88) for
PFOS). Upon further controlling for diabetes duration, a history of
smoking, BMI, HDLc, LDLc, WBC count, CRP, eGFR, uric acid, hemoglobin
and iron, each PFAS remained inversely associated with CHD, with ORs
ranging from 0.72 for PFHXS to 0.90 for PFOA and PFOS, and with all but

Table 1
Characteristics of adult (age > 20 years) with diabetes in the C8 Health Population by cor-
onary heart disease status, mean + SD, median (IQR) or % (n).

Characteristics Coronary No coronary p-Value
heart disease heart disease
(n = 1489) (n = 3781)
Age, years 64.2 + 11.0 553 + 13.6 <0.0001
Sex, male 60.1 (895) 453 (1714) <0.0001
Race, White 96.9 (1431) 96.08 (3601) 0.16
Diabetes duration, years™® 8.5 (3.9-16.2) 5.9 (2.9-11.6) <0.0001
A history of smoking 63.5 (942) 53.0 (2001) <0.0001
BMI, m/kg? 326 + 7.1 334 499 0.002
eGFR, mL/min/1.73 m? 67.1 &+ 224 81.3 £+ 21.1 <0.0001
Chronic kidney disease 36.4 (524) 15.9 (582) <0.0001
HDLc, mg/dL 43.1 + 10.8 46.6 + 12.5 <0.0001
LDLc, mg/dL 88.8 & 36.6 102.3 & 35.8 <0.0001
White blood cell count, 7.6 + 4.6 76 £23 0.32
x10e3/uL

C-reactive protein, mg/L 2.7 (1.2-5.9) 2.9 (1.2-6.4) 0.55
Uric acid, mg/dL 64+ 18 57 +1.6 <0.0001
Hemoglobin, g/dL 139 + 1.6 142 + 1.5 <0.0001
Serum iron, p/dL 78.0 &+ 28.6 78.7 + 30.4 0.46
Perfluoroalkyl acids

PFHXS, ng/mL*? 2.6 (1.7-3.9) 2.8 + 1.8-44 <0.0001
PFOA, ng/mL?* 28.4 (12.6-74.9) 29.0 (12.7-72.8) 0.52
PFOS, ng/mL? 22.0 (13.8-32.1) 21.1 (13.7-31.3) 0.82
PFNA, ng/mL? 1.3 (0.9-1.7) 1.4 (1.0-1.8) <0.0001

PFHxXS = perfluorohexane sulfonate PFOA = perfluorooctanoic acid PFOS =

perfluorooctane sulfonate PFNA = perfluorononanoic acid.
2 Natural logarithmically transformed before analysis.
b Addition of 1 to each value before being natural logarithmically transformed.
¢ Estimated glomerular filtration rate, CKD-EPI formula.
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Table 2
Multivariable adjusted association of quintiles perfluoroalkyl acids with coronary heart disease in those with diabetes, odds ratio (OR) and 95% confidence intervals (CI).
PFHxS PFOA PFOS PFNA
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
a
PFAS*P 0.72 (0.65-0.79) 0.90 (0.85-0.96) 0.90 (0.81-0.99) 0.89 (0.76-1.03)
b

PFAS®?

Q1 Ref Ref Ref Ref

Q2 0.75 (0.58-1.97) 0.92 (0.71-1.18) 0.99 (0.76-1.28) 1.04 (0.80-1.35)

Q3 0.72 (0.56-0.93) 0.86 (0.67-1.11) 0.78 (0.60-1.01) 0.96 (0.74-1.25)

Q4 0.66 (0.51-0.85) 0.74 (0.58-0.96) 0.85 (0.66-1.10) 0.93 (0.71-120)

Q5 0.45 (0.34-0.58) 0.73 (0.57-0.94) 0.71 (0.55-0.92) 0.81 (0.62-1.05)
Age 1.05 (1.04-1.06) 1.05 (1.04-1.06) 1.05 (1.04-1.06) 1.05 (1.04-1.05)
Sex, male 1.65 (1.37-2.00) 1.60 (1.32-1.93) 1.62 (1.34-1.96) 1.61 (1.33-1.94)
Diabetes duration 1.01 (1.01-1.02) 1.01 (1.01-1.02) 1.01 (1.01-1.02) 1.01 (1.01-1.02)
A history of smoking 1.39 (1.18-1.64) 1.39 (1.18-1.64) 1.37 (1.16-1.62) 1.38 (1.17-1.63)
BMI 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (1.00-1.01)
HDLc 0.98 (0.97-0.99) 0.98 (0.97-0.99) 0.98 (0.97-0.99) 0.98 (0.97-0.99)
LDLc 0.99 (0.99-1.00) 0.99 (0.99-1.00) 0.99 (0.99-1.00) 0.99 (0.99-1.00)
WBC 1.03 (0.99-1.07) 1.03 (0.99-1.07) 1.03 (0.99-1.06) 1.03 (0.99-1.06)
CRP® 1.04 (0.96-1.12) 1.04 (0.97-1.12) 1.05 (0.97-1.13) 1.05 (0.98-1.13)
eGFR® 0.99 (0.99-0.99) 0.99 (0.98-0.99) 0.99 (0.98-0.99) 0.99 (0.98-0.99)
Uric acid 1.10 (1.04-1.16) 1.10 (1.04-1.16) 1.10 (1.04-1.16) 1.10 (1.04-1.16)
Hemoglobin 0.93 (0.87-0.99) 0.91 (0.86-0.98) 0.91 (0.86-0.98) 0.91 (0.85-0.97)
Iron 1.00 (1.00-1.01) 1.00 (0.99-1.01) 1.00 (1.00-1.01) 1.00 (1.00-1.01)

BMI = body mass index; HDLc = high density lipoprotein cholesterol; LDLc =

low density lipoprotein cholesterol; WBC = white blood cell count; CRP = C-reactive protein

ORs for non-transformed continuous variables are expressed as per unit increase in the specified variable; ORs for natural logarithmically transformed data are for natural log increase in

that variable.

2 PFAS, perfluoroalkyl substances. This is the model specific PFAS. For example, for the first model it is PFHXS. The first row shows the multivariable adjusted relationship with each PFAS
modeled continuously. PFHXS = perfluorohexane sulfonate PFOA = perfluorooctanoic acid PFOS = perfluoro octane sulfonate PFNA = perfluorononanoic acid.

b Natural logarithmically transformed before analysis.
¢ Estimated glomerular filtration rate, CKD-EPI formula

PFNA demonstrating a statistically significant relationship. The multi-
variable adjusted analyses are presented in Table 2a and Fig. 1. Analyses
by quintiles showed a stronger inverse relationship with each increas-
ing quintile of PFAS exposure (Table 2b. Results were similar when

stratified by sex (Supplementary Table 1).

As a posthoc analysis, we also investigated the relationship of PFAS
among the 49,161 study subjects without diabetes (Table 3). Inverse re-
lationships between each of the PFAS and CHD were also observed
among the non-diabetic population, with ORs (95% Cls) ranging from

0.92 (89-97)-0.95 (0.92-0.98). However, as seen in Fig. 1, this

d Association of Perfluorohexane Sulfonate with Coronary b Association of Perfluorooctanoic Acid with Coronary
Heart Disease, by Diabetes Status Heart Disease, by Diabetes Status
e — @ ———- e e —— =
—_— —
0.6 0.7 0.8 0.9 1 1.1 1.2 0.6 0.7 0.8 0.9 1 1.1 1.2
0Odds Ratio (95% Cl) 0Odds Ratio (95% Cl)
C Association of Perfluorooctane Sulfonate with Coronary d Association of Perfluorononanoic Acid with Coronary
Heart Disease, by Diabetes Status Heart Disease, by Diabetes Status
_____ P S O U A
o e
0.6 0.7 0.8 0.9 1 11 1.2 0.6 0.7 0.8 0.9 1 1.1 1.2
Odds Ratio (95% Cl) Odds Ratio (95% Cl)

Fig. 1. Multivariable association of perfluoroalkyl substances with coronary heart disease, stratified by diabetes status. Solid lines represent persons without diabetes. Dashed lines
represent persons with diabetes. Panel a) association of perfluorohexane sulfonate with coronary heart disease; panel b) association of perfluorooctanoic acid with coronary heart
disease; panel c) association of perfluorooctane sulfonate with coronary heart disease; panel d) association of perfluorononanoic acid with coronary heart disease. Analyses are
adjusted for age, sex, diabetes duration (in persons with diabetes), a history of smoking, BMI, HDLc, LDLc, WBC count, CRP, eGFR, uric acid, hemoglobin, and iron.
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Table 3
Multivariable adjusted association of perfluoroalky! acids with coronary heart disease in those without diabetes (n = 49,161), odds ratio (OR) and 95% confidence intervals (CI).
PFHxS PFOA PFOS PFNA
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
PFAS*? 0.92 (0.89-0.97) 0.95 (0.92-0.98) 0.93 (0.87-0.98) 0.92 (0.85-0.99)
Age 1.07 (1.07-1.08) 1.07 (1.07-1.08) 1.07 (1.07-1.08) 1.07 (1.07-1.08)
Sex, male 1.21 (1.09-1.35) 1.21 (1.09-1.34) 1.21 (1.09-1.34) 1.20 (1.08-1.34)
A history of smoking 1.84 (1.69-1.99) 1.84 (1.69-2.00) 1.83 (1.68-1.98) 1.83 (1.69-1.99)
BMI 1.01 (1.00-1.01) 1.01 (1.00-1.01) 1.01 (1.00-1.01) 1.01 (1.00-1.01)
HDLc 0.99 (0.99-0.99) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 0.99 (0.99-0.99)
LDLc 0.99 (0.99-0.99) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 0.99 (0.98-0.99)
WBC 1.02 (1.00-1.04) 1.02 (1.00-1.04) 1.02 (1.00-1.04) 1.02 (1.00-1.04)
CRP® 1.05 (1.01-1.09) 1.05 (1.01-1.09) 1.05 (1.01-1.09) 1.05 (1.01-1.09)
eGFR® 1.00 (0.99-1.00) 1.00 (0.99-1.00) 1.00 (0.99-1.00) 1.00 (0.99-1.00)
Uric acid 1.12 (1.08-1.15) 1.12 (1.08-1.15) 1.12 (1.08-1.15) 1.12 (1.08-1.15)
Hemoglobin 0.96 (0.92-0.99) 0.95 (0.92-0.98) 0.96 (0.92-0.99) 0.95 (0.92-0.99)
Iron 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)

BMI = body mass index; HDLc = high density lipoprotein cholesterol; LDLc = low density lipoprotein cholesterol; WBC = white blood cell count CRP = C-reactive protein.
2 PFAS, perfluoroalkyl substances. This is the model specific PFAS. For example, for the first model it is PFHxS. PFHxS = perfluorohexane sulfonate PFOA = perfluorooctanoic acid

PFOS = perfluorooctane sulfonate PFNA = perfluorononanoic acid.
b Natural logarithmically transformed before analysis.
¢ Estimated glomerular filtration rate, CKD-EPI formula

relationship appeared to be much stronger for PFHxS among those with
diabetes (Fig. 1), though significant multiplicative effect modification
was not observed (all p-values >0.10).

3.3. Controlling for kidney function and stratification by chronic kidney
disease

Twenty-two percent of the population had chronic kidney disease.
To account for potential reverse causation due to reduced kidney func-
tion, in addition to controlling for eGFR we also stratified by chronic kid-
ney disease status. Results tended to be similar in both those with and
without CKD (Supplementary Table 2). No significant interaction by
CKD with any of the PFAS was observed (p interaction all >0.10).

4. Discussion

In this large population-based cross-sectional study of over 5000
adults with diabetes, we investigated the relationship of coronary
heart disease with PFAS, a group of environmental toxicants. To our
knowledge, this is the first study to specifically examine the relation of
PFAS with CHD in adults with diabetes. Although PFAS have been linked
to a number of adverse health outcomes, including dyslipidemia,?-
these compounds have also been inversely associated with other car-
diovascular disease risk factors such as CRP?> and kidney function.!”
In the current study, PFAS showed a significant, inverse relationship
with CHD; this association persisted after controlling for kidney func-
tion and other potentially confounding factors, and remained after strat-
ification by chronic kidney disease status.

Studies investigating the relationship between PFAS and CHD have
yielded inconsistent findings, with the majority showing no association.
Winquist and Steenland found no meaningful relationship between
PFOA and CHD in their study of a worker cohort that included individuals
from our broader population, though there was a suggestion of an inverse
relationship.? In a rural Swedish male population, Mattsson et al. found no
association between PFAS and CHD overall, with the exception of a signif-
icant positive relationship between perfluoroheptanoic acid and likeli-
hood of CHD.?* While reasons for the disparity in findings are unclear,
they may in part reflect differences in study design and population.

Although mechanisms by which PFAS may lower risk for CHD are
unknown, the inverse association observed in this study may reflect
the anti-inflammatory and/or insulin-sensitizing properties of certain
PFAS, as well as their potentially high oxygen transport capacity.'>~'°
Inflammation is known to contribute to the development of CHD by
promoting atherosclerosis and inducing insulin resistance.?® PFAS, par-
ticularly PFOA and PFOS, have been reported to have potent anti-

inflammatory effects. These effects may in part be mediated by activa-
tion of peroxisome proliferator-activated receptors (PPARs),2”+2®
which play an important role in lipid and glucose homeostasis and
have anti-atherosclerotic properties,?®® including the suppression of
vascular inflammation and oxidative stress.?® CRP is another inflamma-
tory marker generally associated with increased CHD risk; however,
CRP has been shown to be inversely related to PFAS.?> Thus, down reg-
ulation of CRP may be another mechanism by which PFAS are associated
with a lower likelihood of CHD in our population; reduction of CVD risk
factors such as inflammation may partly explain the inverse relationship
we observed between PFAS and CHD. Nevertheless, controlling for in-
flammatory markers such as CRP and WBC count did not eliminate the
inverse relationship between PFAS and CHD in our population.

PFAS belong to a broader class of compounds called perfluorocarbons.
Perfluorocarbons are hydrogen carbon chains in which the hydrogen
atoms have been replaced by fluorine. The fluorine substitution of hydro-
gen makes perfluorocarbons highly efficient oxygen carriers, as has been
shown by some perfluorocarbon emulsions such as perfluorooctyl bro-
mide, with peak oxygen solubility reported to be 25 times greater than ei-
ther blood or water.'>'* Another possible mechanism by which PFAS
may decrease risk of CHD is by reducing vascular hypoxia. Evidence sug-
gests that hypoxia is a trigger of inflammation and apoptosis in
atherosclerosis.>!*> Myocardial hypoxia is also the cause of myocardial
infarction.®® It may be possible that PFAS are protective against athero-
sclerosis by mitigating hypoxia-induced inflammation and oxidative
stress and hypoxia-induced myocardial infarction. Additionally, persons
with an already compromised oxygen carrying capacity may suffer
from greater harm if they have a myocardial infarction, which further
compromises myocardial oxygenation; conversely, someone with supe-
rior oxygen carrying capacity may be relatively protected against myocar-
dial infarction.

We cannot explain the much stronger inverse relationship of PFHxS
with CHD than for the other PFAS, nor why this was only observed in the
diabetic population. This strong inverse relationship was observed
when PFHXS was modeled linearly as a continuous variable and when
grouped into quintiles. In an animal toxicity study of PFHxS by the Min-
nesota Department of Health,>* PFHXS exposure among rats resulted in
a decrease in body weight, cholesterol levels and an increase in pro-
thrombin time, all factors likely to lower the risk of CHD.>* BMI and
lipids were included in our models and did not explain the relationship
between PFHxS and CHD. While we cannot fully explain why the strong
inverse relationship of PFHxS exposure with CHD was only observed
among those with diabetes in our population, this may in part reflect
the more generalized chronic hypoxia among persons with diabetes,
coupled with the longer half-lives of the sulfur containing PFAS.3>3¢
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Consistent with this explanation, of the four PFAS investigated, we have
previously observed the strongest inverse relationship with PFHXS,
followed by PFOS, for the likelihood of having diabetes in our prior inves-
tigation of PFAS exposure and diabetes risk.” Though this inverse relation-
ship was particularly pronounced for Type 1 diabetes, a condition that has
been characterized as a state of chronic hypoxia, a similar finding for Type
2 diabetes was also reported by Donat-Vargas et al.>’

Strengths of this study include the population-based design, the
large sample size of adults who reported a diagnosis of diabetes, and
the high study participation rate. As noted above, this is the first study
to specifically investigate the relation of PFAS levels with CHD in adults
with diabetes. Additional strengths include our ability to evaluate per-
sistent biomarkers of PFAS exposure obtained concurrently with survey
information regarding diagnosis of diabetes, CHD, and other conditions,
the measurement of a broad array of biomarkers and other clinical data,
and the extensive information available on potential confounders. We
were also able to assess the association of PFAS which CHD by chronic
kidney disease status, helping to clarify the possible modifying effects
of this condition.

Our study also has several limitations. First, because of the cross-
sectional nature of the data, we cannot draw conclusions regarding
causal associations and cannot rule out the possibility of survival bias.
For example, it is possible that sicker persons with CHD and higher
prior PFAS exposure had already died. In a cross-sectional study, we
were unable to assess this; however, prospective data on PFAS and
CHD has failed to show an association with the contaminants.!! It re-
mains possible that the observed associations are due to chance; how-
ever, this is unlikely given that the relationships of PFAS with CHD
remained consistently robust after adjustment for multiple covariates.
Unmeasured confounding might also contribute to our findings, al-
though our ability to control for a large number of both known and po-
tential risk factors for CHD renders this possibility less probable. Finally,
for the primary analyses, ascertainment of diabetes was based on
participant-reported physician diagnosis, which may have introduced
misclassification bias. However, agreement between self-report and
medical record-verified data for diabetes in this study population was
good (over 80%).°

In conclusion, in this cross-sectional analysis of over 5000 adults
with diabetes, PFAS demonstrated significant inverse relationships
with CHD that were not modified by the presence of chronic kidney dis-
ease. While our results should not be interpreted as suggesting that ex-
posure to these environmental contaminants is beneficial, these
findings may, if confirmed in future studies, may provide new physio-
logic understanding of CHD prevention strategies.
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