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ORIGINAL ARTICLE
Perfluoroalkyl Substances and Metabolic Syndrome
in Firefighters

A Pilot Study
David B. Leary, DO, MPH, Mari Takazawa, PhD, Kurunthachalam Kannan, PhD,

and Naila Khalil, MBBS, MPH, PhD, CPH
Objective: To compare association of perfluoroalkyl substances (PFASs) with

metabolic syndrome (MetS) profile among firefighters (FF) at airport to

suburban FF. Methods: Cross-sectional exploratory study, 47 men FF aged

18 to 62 years were enrolled from two fire departments in Ohio. Association

between MetS outcome and log transformed serum concentrations of four

PFASs was evaluated using multivariable logistic regression. Results: PFASs

serum concentrations were 18% to 74% higher in FF than the general

population, and 21% to 62% higher in airport FF than suburban FF. Compared

with US general population, an elevated risk of hypertension was noted in FF,

but no significant association between PFASs and MetS was found. Con-

clusions: Current serum PFASs in FF are not associated with MetS risk.

Keywords: adult men, fire fighters, metabolic syndrome, perfluoroalkyl

substances

P er- and poly-fluoroalkyl substances (PFASs) are persistent
synthetic chemicals that have been used since the 1950s to

manufacture stain and water-resistant coatings for clothing, furni-
ture, carpets, food containers, non-stick cookware, and in firefight-
ing foams.1,2 Due to their stable chemical properties and diverse
usage in industry, PFASs are detectable in both humans and wildlife
worldwide.3,4 The National Health and Nutrition Examination
Survey (NHANES) data has shown that approximately 97% of
the United States population had detectable serum PFASs levels,5,6

specifically perfluorooctane sulfonic acid (PFOS), perfluorohexane
sulfonic acid (PFHxS), perfluorooctanoic acid (PFOA), and per-
fluorononanoic acid (PFNA).
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Human exposure to PFASs is commonly attributed to unin-
tended ingestion (from food packaging, use of non-stick cookware,
bioaccumulation in food sources, or contaminated drinking water),
dermal contact or inhalation of household dusts.2,7–9 Other modes
of human exposure are occupational in nature, such as dermal10 or
inhalational exposure at work place or exposure to firefighting
foams.7,11 In firefighters (FF), exposure to PFASs through the
firefighting foams is thought to be predominantly due to oral or
dermal routes, as their respiratory exposures are heavily mitigated
by extensive respiratory protections.12,13

Since the early 2000s, several initiatives to decrease or
eliminate the use of PFASs in the United States and globally, have
been implemented. Manufacturers (3M, DuPont) have voluntarily
phased out long-chain PFASs such as PFOS in their products14 and
the US Environmental Protection Agency (EPA) created a PFOA
Stewardship Program in an effort to raise awareness and reduce
PFAS use.15 In January 2016, the Department of Defense was
required to remove and properly dispose of all PFOS-based aqueous
film forming foams (AFFF), where practical. AFFF contains many
PFASs including PFOS, and PFHxS.12,16 Although human biomo-
nitoring shows a declining trend in mean serum PFAS levels in the
US population with phase out of PFOS and PFOA,17 certain areas
are discovering PFAS contaminated soil and aquifers due to legacy
use of AFFF close to airports and military bases.2

PFASs are persistent in the environment (‘‘forever chemi-
cals’’) and have long half-lives in humans ranging between 2 and
9 years2 which means they remain an ongoing health concern.4

PFASs can act as endocrine disruptors and are associated with
dysfunction of the liver, thyroid, and pancreas,18 dyslipidemia
leading to elevations of low-density lipoprotein (LDL)19 and total
cholesterol,20 as well as poor glucose homeostasis.21,22 There is also
evidence that PFASs may be linked to adverse cardio metabolic
health.23,24 PFOA levels were associated with higher cardiovascular
disease and peripheral artery disease25–27 which could lead to high
blood pressure (a component of metabolic syndrome [MetS]).

MetS is a group of risk factors that predispose to development
of atherosclerotic disease, which in turn can lead to premature
cardiovascular morbidity and mortality.28 The diagnosis is based on
having at least three of the following five components: an increased
waist circumference, elevated triglyceride levels, reduced high
density lipoprotein (HDL) levels, elevated fasting glucose levels,
and elevated systolic and/or diastolic blood pressures. In the US,
prevalence of MetS is roughly 33%,28 compared with a 25%
worldwide prevalence.29

FF have numerous occupational exposures including elevated
temperature, carbon monoxide, volatilization of burning structures
releasing chemicals which can predispose to risk of cancers, heart
disease, chronic respiratory disease, and MetS.30 FF have a fourfold
elevated risk for cardiovascular disease compared with the general
population.31

MetS prevalence rates in US FF vary widely as reported by
different studies. In one study MetS prevalence in FF was reported at
28.3% overall while comparing MetS among FF in low to highest
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fitness categories.32 However, FF in the lowest fitness category had
a 10-fold elevated prevalence of MetS (51.2%) compared with FF in
the highest fitness group (MetS 5.2%).32 In another US study among
214 FF, only 15% had Mets, and FF with better cardiorespiratory
fitness had lower MetS diagnosis.33 In a separate smaller study
among 75 US FF, MetS prevalence was 47%.31 Taken together,
existing data shows that prevalence of MetS in FF varies signifi-
cantly compared with the general population.

Although MetS prevalence has been studied in FF, the impact
of occupational exposures to PFASs with MetS has not been
addressed in FF. The purpose of this pilot study was to compare
FF from two different firefighting environments (flight line/airport
vs rural/suburban firefighting) to assess if there was a difference in
the serum PFASs concentrations between the two groups and if
MetS was associated with serum PFASs levels. The study hypothe-
sis was that PFASs concentration would be higher among airport FF
compared with suburban non-airport FF and that PFASs would be
associated with an elevated risk of MetS and its components.

MATERIALS AND METHODS

Study Population

Firefighters
This pilot study enrolled FF from two contrasting fire units in

Southwest Ohio region. Inclusion criteria comprised of employment
at the time of the study by one of the two selected firehouses and age
greater than 18 years.

The firehouse at an airport served as the exposed study
population (n¼ 38), as their primary function was to support the
military base airport. All participants at this site reported AFFF
exposure. They were full-time career FF. Although they worked on a
military facility, they were currently all civilians.

The control population (n¼ 10) was a suburban firefighting
unit. Their FF work-force mainly comprised of volunteer FF. They
had experienced occupational firefighting exposures that the
exposed group had, but reported a negligible AFFF exposure. Their
job description included crash and rescue, structural fires, and
although they had a supply of AFFF in the firehouse to extinguish
severe fuel fires on nearby highway, it hadn’t been used within the
past decade. This firehouse had a small number of women on their
volunteer staff. As only one woman volunteered for the study, her
data was excluded from statistical analysis, and the reported results
are for male participants (n¼ 9). Overall, both fire departments
were mainly staffed by non-Hispanic white men.

Firefighters were not compensated for their participation in
the study. The Wright State University Institutional Review Board
approved the study protocol (IRB Number 06243). The Institutional
Review Board at airport approved the study protocol through the
Human Research Protection Official (HRPO) Initial Review (Pro-
tocol Number: FWR20180054X). Written informed consent was
obtained from all study participants and kept on file.

Metabolic Syndrome (MetS) and Other Measures
MetS, defined as having at least three of the five risk factors,

was determined for each FF based on their physical and clinical
measures (waist circumference and blood pressure), and serum
laboratory values obtained through a venous blood draw (HDL,
triglycerides, fasting glucose). MetS was defined according to 2001
National Cholesterol Education Program (NCEP) Adult Treatment
Panel III (ATP III)34 as revised by the American Heart Association
and the National Heart Lung and Blood Institute in 2005.35 Accord-
ingly, MetS is diagnosed when at least three of the following five
criteria are met: waist circumference over 40 in./102 cm (men) or
35 in./88 cm (women), blood pressure over 130/85 mmHg, fasting
triglyceride (TG) level over 150 mg/dL, fasting high-density
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lipoprotein (HDL) cholesterol level less than 40 mg/dL (men) or
50 mg/dL (women) and fasting blood sugar over 100 mg/dL.

Individual FF completed a questionnaire on arrival for data
collection. This questionnaire ascertained information on socio-
demographics (age, income, race/ethnicity, smoking status) and a
brief past medical history (previous diagnoses of hypertension,
hypercholesterolemia, diabetes, and treatments for each).

The physical examination included waist circumference (in cm)
measured below the umbilicus and at the upper level of the iliac crest
at the end of exhalation with the subject standing, using a measuring
tape. The average of three waist measurements was recorded. Weight
(in kg) and height (in cm) were also obtained to calculate body mass
indexes (BMI). Blood pressure measurements were obtained in the
seated position using an automated digital blood pressure cuff, after
the subject had rested for approximately 5 minutes, using the right arm.
The average of three systolic blood pressure (SBP) and diastolic blood
pressure (DBP) measurements was recorded.

Venipuncture was performed on all subjects at the end of the
examination by a physician. An adequate blood sample could not be
collected from two subjects at the airport, and therefore they were not
included in the laboratory analysis. Biochemistry assay was performed
by a commercial laboratory (LabCorp) on fasting serum and plasma for
evaluation of the HDL, triglycerides, and fasting blood glucose. Sepa-
rate serum samples were sent to Wadsworth Center, New York State
Department of Health in Albany, NY, for PFASs analysis.

Clinical Laboratory Analysis
Immediately after the physical examination and measure-

ments, venous blood samples were drawn and processed using
universal precautions and the sample requirements. Venipuncture
supplies and sample processing centrifuge were provided by Lab-
Corp (LabCorp, 2019). Blood samples were picked up daily by
LabCorp couriers and tested within 12 hours post-draw.

PFASs Laboratory Analysis
Serum samples were frozen in polypropylene (PP) tubes and

shipped on dry ice as one batch at the end of study to the Wadsworth
Center, with a blank set of collection and storage tubes. Samples
were tested for the common PFASs (PFAS, PFOS, PFHxS, and
PFNA) as well as 17 other variants of PFASs, for a total of 21
different PFASs tested per subject.

Serum samples (0.25 mL) were aliquoted into 15 mL PP
tubes and spiked with 5 ng of 13C-labeled internal standard (IS)
mixture and 0.7 mL of 1% ammonium formate (w/v) in methanol
(MeOH). The mixture was centrifuged for 5 minutes at 5000 rpm
and the supernatant was collected and passed through Hybrid-SPE-
Phospholipid cartridge (30 mg, 1 cm3, Sigma–Aldrich, St. Louis,
MO). The cartridges were conditioned with 1 mL of MeOH con-
taining 1% ammonium formate (w/v). The samples were eluted
through the cartridge and collected in a PP tube for LC/MS/MS
analysis. Further details of the method are provided elsewhere.36

Target chemicals were analyzed using an ABSCIEXTM 5500
electrospray tandem quadrupole mass spectrometer (ESI-MS/MS:
SCIEX, Framingham, MA), interfaced with a Nexera X2 LC-30AD
series HPLC (Shimadzu, Kyoto, Japan). The analytes were sepa-
rated using an UPLC BEH C18 column (2.1� 50 mm, 1.7 mm,
Waters, Milford, MA). MeOH and 0.1% w/v ammonium acetate in
water were used as mobile phases. Target analytes were determined
by selected reaction monitoring (SRM) in negative ionization mode.

The analytes were quantified by isotopic dilution method and
a 12-point calibration (at concentrations ranging from 0.02 to
100 ng/mL) with the regression coefficient of more than or equal
to 0.999 was used. A pure solvent (MeOH) and a mid-point
calibration standard (5 ng/mL) were injected after every 10 samples
to check for carryover of target chemicals and instrumental drift
in sensitivity.
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Several procedural blanks were analyzed to monitor for
contamination that can arise from reagents and materials used in
sample preparation steps.

Trace levels of PFHxA (0.13 to 0.5 ng/mL), PFHpA (0.16 to
0.42 ng/mL), and PFBA (0.4 to 0.81 ng/mL) were found in proce-
dural blanks, the concentrations of these chemicals in samples were
subtracted from blank values. Matrix spike recoveries (artificial
serum spiked with native standards at 5 ng for all analytes and IS)
and standard reference material (SRM1958, NIST, Gaithersburg,
MD; IS spiked) recoveries were 72.6% to 117% (relative standard
deviation:�0–9%) and 93.8% to 107% (relative standard deviation:
�4%), respectively. Randomly selected serum samples were ana-
lyzed in duplicate for every 15 samples which yielded a coefficient
of variation of 0% to 32% for the concentrations of the analytes.

Statistical Analysis
Data analyses were performed using the Statistical Package

for the Social Science (SPSS) version 26.0 (IBM Corp, Release
2019, Armonk, NY). Descriptive analysis was carried out for the
overall group (n¼ 47) as well as separately for the two study sites
(airport n¼ 38, suburban n¼ 9). Since blood sample could not be
collected in two FF the lab results were only available for 36 FF at
the airport study site.

Descriptive analysis was presented as mean and standard
deviation of normal continuous variables, or median, minimum, and
maximum for non-normal continuous variables. Number and per-
centages were summarized for categorical variables.

To test statistically significant differences in categorical
variables across the two study sites, Chi-square analysis was used.
Similarly, to test statistically significant differences among contin-
uous variables across the two study sites, either t test (normal), or
Mann–Whitney U test (non-normal) was utilized.

Due to skewed distribution of all PFASs variables, further
analysis was performed after log transformation. Spearman corre-
lation of PFASs and MetS components was carried. To assess
independent association of MetS (outcome) with each PFAS vari-
able (predictor/exposure) was assessed in separate unadjusted, age
adjusted, and multivariable adjusted models. Risk of MetS for each
PFAS exposure was presented as odds ratio (OR) and 95% confi-
dence interval (CI). Statistical significance for all analyses was set at
two sided P<.05.

RESULTS

Participant Characteristics
The characteristics of firefighters (FF) overall, comparison

among the two FF units, are presented in Table 1. Overall mean age of
all FF was 39 years. FF at airport had a higher mean age (41 years)
compared with suburban FF (28 years) (P< 0.001). None of the other
socio-demographic, anthropometric, laboratory, and clinical charac-
teristics was significantly different among the two FF units except
DBP and income distribution. Predominant (68%) income category
overall was between $ 50,000 and 99,999 per year. However, a high
proportion (94%) of FF at airport were in the high or middle income
group compared with suburban FF (44%), (P¼ 0.001). Among
overall FF, DBP mean�SD was 81.46� 9.37 mmHg. However,
airport FF had 13% higher DBP compared with suburban FF
(83.56� 8.41 vs 72.57� 8.23, respectively, P¼ 0.001).

Table 1, shows the prevalence of MetS, and its risk factors in
NHANES, FF overall, by study site. MetS prevalence among overall
FF, and when compared with two FF units was not statistically
significantly different. Mean DBP was significantly elevated in
airport FF compared with suburban FF (83.56 vs 72.57 mmHg;
P¼ 0.001).

In exploratory analysis (not shown) out of the five MetS
components tested, in comparison with NHANES population
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elevated blood pressure was significantly higher among FF overall,
and with airport FF (P< 0.001 for both). Except PFNA, serum
PFASs concentrations were 18% to 74% higher in FF than the
general US population as assessed in NHANES 2015 to 2016 data,
and 21 to –62% higher in airport FF than civilian FF. However,
statistically significant higher level was only seen for PFOS in
airport FF as compared to the suburban FF (P¼ 0.031).

In exploratory bivariate correlation analysis (not shown),
PFOS and DBP was statistically significantly correlated in FF (rs
(45)¼ 0.297, P¼ 0.047) and this was observed in NHANES as well
(rs (593)¼ 0.135, P¼ 0.001). In fact among NHANES population,
PFHxS, PFNA, and PFOS were significantly correlated with DBP
and PFNA and PFOS were correlated with SBP (all P< 0.05).

Further, in exploratory analysis, except PFNA, history of
AFFF use was significantly correlated with serum concentrations of
three of four major PFAS (P< 0.05 for all). Serum levels of PFAS
were elevated in FF who reported history of use of AFFF as
compared with those who did not report its use and those who
had reported PFAS contaminated drinking water supply at home.
PFHxS was the only variable that reached statistical significance in
both these comparisons (P¼ 0.040, and P¼ 0.017, respectively).

Logistic Regression Analysis, Association of PFASs
with MetS:

Neither the unadjusted nor the age adjusted logistic regres-
sion analysis showed any significant association between PFASs
exposure with MetS in FF, therefore only the multivariable adjusted
results are presented. In FF, the adjusted odds of MetS were 46%
(OR 0.54; 95% CI 0.85 to 3.43), 33% (OR 0.67; 95% CI 0.24 to
1.86), 65% (OR 0.35; 95% CI 0.05 to 2.35), and 23% (OR 0.77; 95%
CI 0.25 to 2.71) lower for log unit increase in serum PFOA, PFOS,
PFNA, PFHxS concentrations, respectively (all non-significant,
Fig. 1).

DISCUSSION
The results of this exploratory study suggest that except

PFNA, serum PFASs concentrations were elevated in FF compared
with the general adult population in the United States, and were
higher in airport FF compared with suburban FF. In FF overall,
among the four PFASs tested, only PFOS showed a significant
positive relationship with DBP. FF had a significantly elevated risk
of hypertension compared with the US general population. How-
ever, in this group PFASs exposure was not associated with MetS. In
exploratory analysis among the US population in NHANES 2015 to
2016 data, adult men with similar age distribution, several PFAS
were associated with DBP or SBP. Similar to NHANES men no
statistically significant association of PFASs concentration with
MetS was observed in this exploratory analysis.

Elevated Serum Levels of PFHxS and PFOS in
Firefighters

Median serum PFHxS concentration was significantly ele-
vated (74% higher) in FF than the US adult men. Similarly, PFHxS
among airport FF was 51% elevated than suburban FF. In addition,
PFOS was 29% higher among FF compared with US adult men, and
62% higher among airport FF than suburban FF. PFOA was also
elevated in airport FF.

FFs are exposed to PFHxS and PFOS more frequently
through the use of AFFF, as these PFASs are among the many
components of AFFF. PFASs are also found as stain or water-
resistant coating on carpets (especially PFHxS), building materials,
and household furnishing and could be an exposure source to FF
when ignited and volatilized.37–40 During the suppression of fuel-
based fires, FF may be exposed to AFFF through inhalation and
dermal routes. Further, their contaminated personal protective
equipment (PPE)41 and firefighting uniforms may increase the
Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 1. Descriptive Characteristics of Adult Male Firefighters from Ohio 2018 to 2019

Overall Airport FD Suburban FD

Characteristic n Mean�SD or % n Mean�SD or % n
Mean�SD or

% P-Value�

Age, yrs 47 39.15� 9.35 38 41.71� 7.57 9 28.33� 8.63 <0.001
BMI, kg/m2 47 30.58� 4.32 38 30.10� 4.35 9 32.60� 3.73 0.119
Race/ethnicity 47 38 9
Non-Hispanic White 43 91.50% 36 94.70% 7 77.80% 0.160
All other races 4 8.50% 2 5.30% 2 22.20%
Annual household income 47 38 9
<$49,999 7 14.90% 2 5.30% 5 55.60% 0.001
$50,000–$99,999 32 68.10% 28 73.70% 4 44.40%
�$100,000 8 17.00% 8 21.10% 0 0.00%

Education 47 38 9
HS/GED/Some College 40 85.10% 33 86.80% 7 77.80% 0.378
Tech/Undergrad/Grad degree 7 14.90% 5 13.20% 2 22.20%
Tobacco use status 47 38 9

Never user 20 42.60% 17 44.70% 3 33.30% 0.096
Former user 9 19.10% 9 23.70% 0 0
Current user 18 38.30% 12 31.60% 6 66.70%

Systolic blood pressure 47 135.97� 12.10 38 137.25� 12.65 9 130.6� 7.90 0.140
Systolic BP <130 mmHg 17 36.20% 12 31.60% 5 55.60% 0.252
Systolic BP� 130 mmHg 30 63.80% 26 68.40% 4 44.40%

Diastolic blood pressure 47 81.46� 9.37 38 83.56� 8.41 9 72.57� 8.23 0.001
Diastolic BP <85 mmHg 32 68.10% 24 63.20% 8 88.90% 0.236
Diastolic BP �85 mmHg 15 31.90% 14 36.80% 1 11.10%

Elevated BP (SBP and/or DBP) 47 38 9 0.438
Yes 32 68.10% 27 71.15 5 55.60% 0.302
No 15 31.90% 11 28.90% 4 44.40%

Triglycerides (median, [min, max]) 45 131.00 (59, 735) 36 133.50 (63, 254) 9 125.00 (59, 735) 0.941 (Mann–Whitney U)
<150 mg/dL 24 53.30% 19 52.80% 5 55.60% 1.000
�150 mg/dL 21 46.70% 17 47.20% 4 44.40%

High density lipoproteins 45 47.16� 12.62 36 47.86� 12.92 9 44.33� 11.63 0.460
�40 mg/dL (men) 31 68.90% 25 69.40% 6 66.70% 1.000
<40 mg/dL (men) 14 31.10% 11 30.60% 3 33.30%

Fasting blood glucose 45 100.71� 26.67 36 96.72�
10.91

9 116.67� 55.08 0.311

<100 mg/dL 32 71.1% 25 69.40% 7 77.80% 1.000
�100 mg/dL 13 28.90% 11 30.60% 2 22.20%

Waist circumference, cm 47 104.57� 12.47 38 104.33� 12.99 9 105.58� 10.61 0.791
<102 cm (men) 25 53.20% 21 55.30% 4 44.40% .715
�102 cm (men) 22 46.80% 17 44.70% 5 55.60%

Metabolic syndrome 45 36 9
No 25 55.60% 20 55.60% 5 55.60% 1.000
Yes 20 44.40% 16 44.40% 4 44.40%

PFASs, ng/mL
median (min, max)

P-value (Mann–Whitney U)

PFOSy 45 8.63 (1.57, 30.42) 36 10.69 (4.28, 30.42) 9 4.04 (1.57, 9.34) 0.031
PF OAy 45 2.15 (1.02, 4.65) 36 2.17 (1.10, 4.65) 9 1.72 (1.02, 3.07) 0.157
PFHxS 45 6.15 (0.84, 22.49) 36 6.45 (2.20, 12.28) 9 3.15 (0.84, 22.49) 0.157
PFNA 45 0.46 (0.20, 1.36) 36 0.45 (0.22, 1.36) 9 0.47 (0.20, 0.57) 0.941

�P-value tests difference between two firefighting units.
yCombined branched and linear; FD: fire department; PFASs: per- or polyfluoroalkyl substances.
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chance of hand-to-mouth transfer and ingestion. Even though FFs
are encouraged to wash FF uniforms frequently, this process is
cumbersome, and the use of contaminated PPE and uniforms may be
a common practice.11,13,16

In a large previous study among general population exposed
to PFAS contaminated drinking water from an industrial facility in
Ohio showed that individuals who had worked as FF had higher
mean serum PFHxS compared with the rest of exposed popula-
tion.42 The fact that Ohio FF had higher PFHxS serum concen-
trations points towards an additional exposure source different from
the community’s exposure through contaminated drinking water.38

In two European studies, AFFF use was associated with elevated
serum PFOS and PFHxS levels. Among these, in one small study
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from Germany, elevated PFOS and PFHxS were noted in residents
who drank water from a private well contaminated with AFFF from
a nearby airport.43 In the second study from Uppsala, Sweden,
AFFF contaminated drinking water was noted as the source of
elevated serum PFHxS in residents.44

The health effects of PFHxS have not been studied in humans
to the same degree as PFOS or PFOA. However, animal toxicology
models showed a range of adverse health outcomes.45 In contrast to
PFOA and PFOS, PFHxS lowers serum lipid levels in animal mod-
els.46 Compared with the other commonly studied PFASs which have
half-life of 3 to 7 years, PFHxS has the longest with 8.5 years. Because
of its long half-life, PFHxS can stay in the body long after exposure
has ceased. Although PFHxS serum levels have been declining in the
Medicine. Unauthorized reproduction of this article is prohibited 
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FIGURE 1. Adjusted odds ratio of meta-
bolic syndrome diagnosis with serum
PFAS concentration among Ohio fire-
fighters. PFAS, perfluoroalkyl substances.
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US population, along with many other PFASs, PFHxS exposure is
anticipated to persist for many years.37,47 Due to the phasing out of
PFOS and PFOA, C6-based fluorocarbons such as PFHxS are being
used as replacements. Therefore, PFHxS concentration in human
serum has not shown a parallel decrease as with other PFAS.

In the human population, conflicting reports exist regarding
the health impacts of PFHxS. In a cross-sectional Canadian Health
Measures Survey (2007 to 2009), PFHxS had significant positive
association with lipids.21 In the same study, additionally, there was
no significant relation between PFHxS, PFOS, and PFOA and any
glucose homeostasis biomarkers and metabolic syndrome21 which
is concordant with our analysis.

In 2017 the European Chemicals Agency (ECHA) in the
European Union (EU) which administers EU regulation called
Registration, Evaluation, Authorization and Restriction of Chem-
icals (REACH) added PFHxS to its list of ‘‘substances of very high
concern’’ (SVHC).48 Substances on REACH SVHC list may exhibit
carcinogenic, mutagenic or reproductive toxicity; may persist, bio-
accumulate; or have endocrine disruptor potential.48 PFHxS is also
being considered as a potential candidate for Stockholm Convention
on Persistent Organic Pollutants.

Serum PFOS concentrations in the current study were 29%
higher among FF compared with the general US population (per
NHANES data) and were 62% higher in airport FF versus the
civilian FF. PFOS exposure is associated with dyslipidemia, which
is the strongest metabolic outcome associated with PFAS exposure.2

Limited evidence also links PFOS with bladder cancer in occupa-
tional settings and adverse reproductive outcomes or developmental
toxicity in humans. PFOS is a persistent organic pollutant (POP) and
was included to the Annex B of the Stockholm Convention on
Persistent Organic Pollutants.49

Risk of Elevated DBP in Airport FF and Correlation
with PFASs

DBP was mildly elevated among airport FF compared with
suburban FF. Compared with US adult men in exploratory analysis,
prevalence of hypertension was significantly higher in the FF
overall and among airport FF. In addition PFOS and DBP were
significantly correlated in current FF analysis as well as among
NHANES participants. Existing research shows that PFAS may be
linked to adverse cardiometabolic health.2 PFOA levels were asso-
ciated with peripheral artery disease which is a risk factor for high
BP (a component of MetS).26 In the same study, PFOA was
associated with self-reported coronary heart disease and stroke.
In a separate analysis among US adolescents, higher serum con-
centrations of PFOS were associated with increased carotid intima
ht © 2019 American College of Occupational and Environmental 
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media thickness an indicator of atherosclerosis.50 Atherosclerosis is
a risk factor for hypertension and cardiovascular disease. PFOA was
associated with high blood pressure in US population51 and with
pregnancy induced hypertension.52 In addition PFASs are linked
with increased blood lipid levels.53 Dyslipidemia is a precursor of
atherosclerosis and cardiovascular diseases.54

Risk of MetS
Our results suggest that current serum PFASs in FF and US

general population males are not associated with an elevated risk of
MetS, although there may be some evidence of a relationship with
elevated DBP (a component of MetS) and PFOS. Compared with a
33% prevalence rate of MetS in the United States (reported in 2012),
our study FF had a higher Mets prevalence of 44%, but this may be
more related to overall higher mean BMIs in firefighters (30.58)
compared with the general US population (28.9). According to the
results of this study, no significant association between PFASs and
MetS was noted among FF. In exploratory analysis similar results
were seen for 2015 to 2016 NHANES adult male population.

CONCLUSIONS
No significant association between PFASs and MetS was

noted in this pilot study. PFOS was significantly associated with
elevated DBP measurements, and thus may impact future risk of
developing MetS, but further investigation into this area with larger
sample sizes would be necessary to determine if this is a true finding
or a limitation of our small sample sizes.
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