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Pyrethroids and Cardiac 
Disease
Does pyrethroid use increase the risk of heart disease? A new paper suggests it may.
Stephen L. Doggett

Pyrethroid insecticides came about when 
allethrin was first synthesized in 1949. 
Not only did this new class of chemicals 

have high insecticidal activity, they had very low 
mammalian toxicity and so could be widely used 
around humans. Since their discovery, many new 
pyrethroids have been developed over the years 
and the group has become the mainstay of pest 
management for the majority of arthropod pests. 
However, it is always a concern when health re-
lated issues are raised over the use of this insecti-
cide group.

A controversial paper released in late 2019 
suggested that there may be an association 
between the use of pyrethroids and an increased 
risk of mortality from cardiovascular disease. The 
article was published in the prestigious journal, 
JAMA International Medicine and the full title of 
the paper is, “Association between exposure to 
pyrethroid insecticides and risk of all-cause and 
cause-specific mortality in the general US adult 
population”. The paper and was produced by a 
group of epidemiologists from Iowa, led by Dr Liu 
Bao from the University of Iowa.

The abstract is freely available and the full paper 
can be purchased from: https://jamanetwork.
com/journals/jamainternalmedicine/article-
abstract/2757789 

For sake of completeness, the full abstract is 
included below and the main conclusion in bold:

“IMPORTANCE: Widespread exposure to 
pyrethroid insecticides has been reported among 
the general population in the United States and 
worldwide. However, little is known about the 
association of pyrethroid exposure with long-term 
health outcomes in adults.

OBJECTIVE: To examine the association of 
pyrethroid exposure with all-cause and cause-
specific mortality among adults in the United 
States.

DESIGN, SETTING, AND PARTICIPANTS: The 
nationally representative cohort included 2116 
adults aged 20 years and older who participated 
in the US National Health and Nutrition

Examination Survey conducted from 1999 to 
2002 and provided urine samples for pyrethroid 
metabolite measurements. Participants were 
linked to mortality data from the survey date 
through December 31, 2015. Data were analyzed 
from May to August 2019.

EXPOSURES: Urinary levels of 3-phenoxybenzoic 
acid, a general pyrethroid metabolite and 
commonly used biomarker for pyrethroid 
exposure, were determined by using high-
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performance liquid chromatography coupled 
with electrospray chemical ionization and tandem 
mass spectrometry.

MAIN OUTCOMES AND MEASURES: Mortality from 
all causes, cardiovascular disease, and cancer.

RESULTS: This cohort study of 2116 adults 
comprised 1145 women (weighted proportion, 
51.6%) and 971 men (weighted, 48.4%), with a 
weighted mean (SE) age of 42.6 (0.5) years; 958 
participants (weighted, 68.4%) were of non-
Hispanic white ancestry, 646 (weighted, 14.7%) 
of Hispanic ancestry, 419 (weighted, 11.3%) of 
non-Hispanic black ancestry, and 93 (weighted, 
5.6%) of other ancestry. During a median of 
14.4 years (range, 0.1-16.8 years) of observation, 
246 deaths occurred, including 41 associated 
with cardiovascular disease and 52 associated 
with cancer. Participants with higher urinary 
3-phenoxybenzoic acid levels were at a higher risk 
of death during the follow-up period, with death 
occurring in 8.5% (unweighted, 75 of 709), 10.2% 
(unweighted, 81 of 701), and 11.9%(unweighted, 
90 of 706) of participants across increasing 
tertiles of urinary 3-phenoxybenzoic acid levels. 
After adjustment for age, sex, race/ethnicity, 
socioeconomic status, dietary and lifestyle 
factors, body mass index, and urinary creatinine 
levels, the hazard ratios for all-cause mortality, 
cardiovascular disease mortality, and cancer 
mortality among participants with the highest 
tertile compared with those with the lowest tertile 
of urinary 3-phenoxybenzoic acid levels were 1.56 
(95%CI, 1.08-2.26), 3.00 (95%CI, 1.02-8.80), and 
0.91 (95%CI, 0.31-2.72), respectively.

CONCLUSIONS AND RELEVANCE: In this 
nationally representative sample of US adults, 
environmental exposure to pyrethroid 
insecticides was associated with an increased 
risk of all-cause and cardiovascular disease 
mortality. Further studies are needed to replicate 
the findings and determine the underlying 
mechanisms.”

Naturally this paper raised many concerns 
when released, after all pyrethroids are very 
widely used. Could they be really linked to an 
increase in cardiac disease and are we in the pest 

management world inadvertently threatening the 
health of our clients (as well as ourselves)?

It was no surprise that the chemical lobby was 
quick to offer a rebuke. The Pyrethroid Working 
Group (PWG) is an industry alliance of the largest 
pesticide manufacturers in the world including 
AMVAC Chemical, BASF Corporation, Bayer 
CropScience, FMC Corporation, Syngenta Crop 
Protection, and Valent U.S.A. LLC.

The PWG issued a response on 13/Jan/2020, which 
can be downloaded from: https://pyrethroids.
com/statement-cardiovascular-study/?fbclid=IwA
R22fGrDx9bquG7Tks3XDZCmzfSUX93UCGzH0A1I
2jN3t0DY23MjHz2gUww  

Their full response is included below:

“As an organization dedicated to research, 
environmental stewardship and public health, the 
Pyrethroid Working Group (PWG) has conducted 
an initial review of the study in which the authors 
suggest a link between pyrethroid insecticides 
and cardiovascular disease (CVD) or other cause-
specific mortality. 
 
The overwhelming body of science does not 
support claims that pyrethroids pose a danger 
to the public or environment when they are 
applied according to US EPA label requirements. 
In fact, pyrethroids play a vital role around the 
world in protecting humans from pests that may 
carry infectious diseases, including ticks that 
spread Lyme disease and mosquitoes that can 
carry West Nile virus. PWG has invested heavily in 
research, environmental stewardship and product 
responsibility over the past two decades.  
 
Despite issues with some of the underlying 
assumptions in this study, the results, coupled 
with the existing body of science, demonstrate 
that pyrethroids as a class do not cause 
cardiovascular disease or other events leading to 
mortality. 
 
While epidemiological studies can provide 
valuable insights into the human-relevance of 
environmental or pathogenic exposures, careful 
consideration must be paid to the study design 
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and potential confounders should be identified 
to allow for proper interpretation. Furthermore, 
findings from such studies should be 
independently replicated to provide confidence 
in the observed association(s). This study has a 
variety of significant limitations:

•	 The analysis did not account for family history 
of cardiovascular disease – even though 
genetics represent one of the most significant 
factors for CVD.

•	 The study relied on self-reporting for key 
variables that are known to contribute to 
CVD-related mortality, such as smoking, 
alcohol consumption and physical activity. 
Potential recall biases in self-assessments such 
as these can severely impact results.

•	 There was no definitive exposure 
determination in the study. The metabolite 
used as an indicator is also found in the 
environment as a plant and environmental 
degradate and is not itself of concern.

•	 The determination was also based on a single 
urine spot sample, which cannot support 
conclusions on long-term exposure and does 
not adjust for factors such as body weight and 
sex.

•	 Study results do not align with the significant 
body of evidence that does not show these 
effects, even at extremely high exposure 
levels.

Pyrethroids, which are synthetic chemicals 
derived from chrysanthemums, are among the 
most studied of all pesticides used in commerce. 
The collective body of evidence for pyrethroids 
supports their safety to humans and the 
environment. To learn more and view the science 
for yourself, visit the Pyrethroids Resource Center 
at www.pyrethroids.com.”

Unfortunately the PWG is somewhat weak. 
They did not overly critique the science, the 
methodology, or the statistics, and it seems 
that the rebuttal is geared towards the general 
public and media, rather than toxicologists and 
the medical community. Unfortunately the PWG 
made the basic mistake of forgetting that the 
general public has greater trust in the medical 

profession than chemical manufacturers who are 
often depicted as money driven, environmental 
polluters that care more for profit than human 
health (even if not true).

Conversely, some scientists and medical 
professionals have an inherent dislike of pesticide 
use, and this can drive their investigations and 
bias their research and conclusions. Please note 
that I am not stating that this is the case with 
the study under discussion and the authors 
declared no conflict of interest. A review of Dr 
Bao’s publications on ResearchGate does not 
indicate that he has a tendency to publish papers 
that oppose insecticide usage and thus I believe 
his sincerity for impartial scientific research is 
genuine.

Pyrethroids are used for the control of adult 
mosquitoes, especially during disease outbreaks, 
and without the use of such insecticides, many 
more people would become sick and die. Not long 
after the PWG response, the American Mosquito 
Control Association (AMCA) added the following 
points:

“The fact is pyrethroids are duly registered by the 
EPA after careful consideration of the potential 
environmental and human effects of these 
products. These products undergo additional 
review every 15 years (and are undergoing a 
15-year review now) to refine risk assessments 
in light of new data. To date, the overwhelming 
preponderance of evidence demonstrates that 
pyrethroids pose minimal risk if used according 
to label specifications. It will be interesting to 
see how EPA responds to what appears to be 
this study’s tacit conclusion that its pyrethroid 
risk assessment process is flawed and should be 
investigated anew.

In the meantime, you can defend the use of 
pyrethroids based on extremely low levels of 
comparative exposure in terms of application 
rate and number of applications in addition to 
the enormous amount of data EPA has used to 
register, re-register and registration review of the 
products. Based on their comprehensive review 
of reliable and validated science, the Agency 
has concluded that risks to humans from uses of 
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these products in accordance with the label does 
not exceed their level of concern – particularly in 
light of the benefits they confer with respect to 
mosquito-borne disease control.”

Furthermore, epidemiology, which is the 
study of disease in the community, is based 
on mathematical analyses. It is possible to find 
statistical associations if you look hard enough, 
when in the underlying cause and effect may be 
totally unrelated. 

As a possible indication of this, in the Bao study 
in Table 3, the permethrin urine level mortality 
differentials were higher in people of non-
white origins (i.e. non-Caucasians) than Whites 
(Caucasians), in lower exercise than higher 
exercise groups, and in obese vs non obese 
people. One would expect that there would be 
a higher level of cardiovascular disease in these 
groups even without any pyrethroid exposure. 
The statistical models are designed to factor 
in these interactive variables, however there is 
enough complexity to suggest that more studies 
are required.

Clearly the study does raise a concern and that 
more investigations are necessary to determine if 
there is a definitive link between pyrethroid use 
and cardiovascular disease. For example, it would 
be beneficial to undertake a comparison between 
high and low exposure groups. The high could 
be pest managers, but as the rates of smoking 
are very high in this group, such a factor would 
need to be taken into account in the statistical 
analyses. Such a study could be prospective, 
namely monitored over time, and would be a 
more powerful investigation than a retrospective 
investigation (taken from past information) as the 
Bao study was.

In the application of pesticides a risk assessment 
should always be undertaken, and the simple 
question asked, “What is the lesser of the two 
evils?” During an outbreak of mosquito-borne 
disease, this question would relate to the disease 
and adverse health effects (even death) with no 
insecticide application against some unknown 
health affect that may (or may not) manifest 
many years later (or not at all) with the pesticide 

application. To me this is a simple answer; stop the 
immediate disease outbreak.

Yet many chemical applications are undertaken in 
the home as a pest preventative measure, often 
on a yearly basis, as required by the client. But 
what benefit does this offer? Not much really and 
this is something that I am not in agreement with, 
as it does increase chemical exposure risk to the 
resident. For the most part (in my opinion), the 
only time pesticides are generally required in the 
home is for termite management. Most pests can 
be dealt with through non-chemical approaches 
even through simple hygiene improvements, 
rather than via the lazy ‘spray and pray’ approach 
that was so dominant in the industry for many 
years. Fortunately, the industry is moving 
away from this style (albeit slowly with some 
individuals).

The industry does have a duty to protect the 
community; namely to manage the various 
pests that spread diseases and to control those 
that infest our foods. However, we also need 
to ensure that what we do is not only the most 
effective option but is also the safest choice for 
the community. The Bao study raises a major 
uncertainty that cannot be dismissed lightly and 
further work is urgently required to ensure that 
what we use poses a low risk to human health. 
I can only hope that this researcher encourages 
further investigations into the health effects of 
pesticide use. 

I would like to thank Dr Ary Faraji, Vice-President 
of the AMCA, for allowing the reproduction of the 
AMCA critique. I would also like to thank several 
colleagues who offered their assessment of the 
Bao paper including Mr Clive Boase (the Pest 
Management Consultancy, UK), Dr Don Ewart 
(Consulting Entomologist, Australia), and Prof. 
Bart Currie (Menzies School of Health Research, 
Australia).

Stephen L. Doggett is the Director, Department 
of Medical Entomology, NSW Health Pathology 
(ICPMR), Westmead Hospital, Sydney, Australia, 
and the Chief Editor of the FAOPMA Magazine. 
Email: Stephen.Doggett@health.nsw.gov.au
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