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Plastics production has been increasing exponentially



Largest sources of plastic waste by industry
(in million metric tons)

Source: https://uccs.ucdavis.edu/calspec/2022-research-topic 



TJ Woodruff. N Engl J Med 2024;390:922-933.

The plastics lifecycle

Additives

Microplastics

Additives Plastic Fragments

• Phthalates

• PFAS

• Flame 

retardants

• Bisphenols

• Volatile organic 

compounds 

(formaldehyde)

• Macroplastics

• Microplastics

• Nanoplastics



Microplastics are invisible to the human eye

Source: https://www.ciel.org/breathing-plastic-the-health-impacts-of-invisible-plastics-in-the-air/



Where do microplastics come from?

Primary
Manufacturing

Secondary
Degradation

Fossil Fuels



How are we exposed? Air, water, food, touch



We eat a “credit card” worth of microplastics every week



Source: https://www.ciel.org/breathing-plastic-the-health-impacts-of-invisible-plastics-in-the-air/

Microplastics are found throughout 

the human body

Testes



Concerns about human exposure

Evidence that MPs are bio-accumulative

• Oxidative stress

• Inflammation

• Cardiovascular & respiratory outcomes

• Metabolic disorders

• Gastrointestinal effects

• Cancer

MPs have been linked to:



METHODS



Primary objectives

• Evaluate the human & animal evidence 

• Rate the quality and strength of evidence

• Integrate the human and animal evidence 
streams 

• Develop a final bottom line statement 
regarding the health effects of microplastics



Rapid systematic review 

Rapid systematic review = certain 
steps are modified to speed up the 
process of conducting a systematic 
review
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SCOPING, PROBLEM FORMULATION, 

AND PROTOCOL DEVELOPMENT



Rapid review protocol 
Graphical user interface, text, application, email

Description automatically generated



PECO Statement

P: Humans and animals of any age or health status. 

E: Any exposure to MPs, that occurred prior or concurrent to diagnosis, exacerbation, or other measure of any health 
outcome. Exposures can be from any route (air, water, or food), any duration, and any exposure pathway (inhalation, 
ingestion, or direct contact) and can be measured on the basis of biosamples or from exposure estimates.

C: Humans and animals, exposed to lower levels of MPs than the more highly exposed subjects or treatment groups, or 
vehicle-only treatment.

O: Any adverse health outcome, as defined by the US EPA. 



Microplastics definition

A solid and polymeric material to which chemical additives or 

other substances have been added, which are particles that are 

<5000 μm in one dimension.



Adverse outcome definition

U.S. Environmental Protection Agency

“A biochemical change, 
functional impairment, or 
pathological lesion that affects 
the performance of the whole 
organism, or reduces an 
organism’s ability to respond to 
an additional environmental 
challenge”

California law hazard trait regulation

“Adverse effect” for toxicological 
hazard traits and end points 
means a biochemical change, 
functional impairment, or 
pathologic lesion that negatively 
affects the performance of the 
whole organism, or reduces an 
organism’s ability to respond to 
an additional environmental 
challenge”



We prioritized

Digestive 

Outcomes
Reproductive 

Outcomes

Respiratory 

Outcomes

Source: https://uccs.ucdavis.edu/calspec/2022-research-topic

https://pubs.acs.org/doi/10.1021/acs.est.3c09524 



Eligible outcomes

System Outcome

Digestive Apical end points (gross or microanatomic colon and intestine effects)

KC’s of carcinogens (chronic inflammation, oxidative stress, 

immunosuppressive effects, cell proliferation, & receptor-mediated effects)

Reproductive Apical end points (sperm-related outcomes, follicle/ovarian reserve 

capacity, oocyte meiotic progression, blatstocyst development, and 

angiogenital distance)

Apical end points (birth outcomes weight of fetus and placenta & litter size)

KC’s of reproductive toxicants (alterations in reproductive hormones)

Respiratory Apical end points (total cell count, lung injury, and pulmonary function)

KC’s of carcinogens (chronic inflammation and oxidative stress)



SEARCHING FOR & SCREENING 

STUDIES FOR INCLUSION



Search Strategy

Worked with an information specialist

Searched PubMed, EMBASE, ProQuest, and Web of Science

Did not limit by publication year

Conducted search in July 2022 & April 2024 



Studies were required to meet the following criteria

Repeated exposure to microplastics (chronic)

Exposed via food or water (digestive and 
reproductive studies)

Exposed via nasal passages or trachea (respiratory 
studies)



ANALYSIS



EVALUATE QUALITY AND STRENGTH OF 

THE EVIDENCE





NTP OHAT approach -  Hazard identification conclusion



RESULTS





Food = 

5 (18%)  

Water 

= 16 

(57%) 

Air  = 7 

(25%)

Rodents per study = 15 to 
180

Length of Exposure: 14 days to 

32 weeks



Plastic type

• Polystyrene n = 22(79%)

• Polyethylene

• Polypropylene

• Tire wear particles

Size range

Between 0.1 and 467.85 μm



DIGESTIVE RESULTS



Overall

We concluded microplastic exposure is 

“suspected” to adversely impact:

• immunosuppression (high quality 

evidence)

• gross or microanatomic colon/small 

intestine effects (moderate) 

• cell proliferation & cell death 

(moderate )

• chronic inflammation (moderate)

We concluded that microplastic 

exposure is “not classifiable” for 
impacting:

•  intestinal oxidative stress (low 

quality evidence)

• digestive hormones (low)



Apical outcomes (colon and small intestine)

Key: 

Direction of effect: All included study results show change in the direction of ‘harm’  
Y axis = sample size   
Dark green = P<0.001, Green = P<0.01, Light green = ≤ 0.05, Red = ≥ 0.05   
*= Dose response identified in the study   



Apical outcomes (colon and small intestine)

Estimate of the proportion of effects showing microplastics are 

harmful equals 1.00 [95% confidence interval (CI) of 0.85–1.00] 

[n = 22 (positive study results)/22 (total study results)]



Apical outcomes (colon and small intestine)

We concluded that exposure to microplastics is “suspected” to 
adversely impact the colon and small intestine in humans on the basis 

of 

(a) the “moderate” quality of the body of evidence 

(b) the direction of the effect (i.e., evidence of an increasing adverse 

health effect with an increasing level of microplastic exposure)

(c) the confidence in the association, considering factors including the 

number and size of studies.



REPRODUCTIVE RESULTS 



Overall
We concluded microplastic exposure 

is “suspected” to adversely impact:

• sperm quality (high quality evidence)

• female follicles (moderate)

• reproductive hormones (moderate)

We concluded that microplastic 

exposure is “not classifiable” for 
impacting:

Humans

•  chronic rhinosinusitis (very low-

quality evidence)

Animals

•  total cell counts (very low)



Apical outcomes (sperm quality)

Key: 

Direction of effect: All included study results show change in the direction of ‘harm’  
Y axis = sample size   
Dark green = P<0.001, Green = P<0.01, Light green = ≤ 0.05, Red = ≥ 0.05   
*= Dose response identified in the study   



Apical outcomes (sperm quality)

Estimate of the proportion of effects showing microplastics are 

harmful = 1.00 (95% CI of 0.70–1.00) (n = 9/9).



Apical outcomes (sperm quality)

We concluded that exposure to microplastics is “suspected” to 
adversely impact sperm quality and testicular health in humans 

on the basis of 

(a) the “high” quality of the body of evidence 

(b) the direction of the effect (i.e., evidence of an increasing 

adverse health effect with an increasing level of microplastic 

exposure)

(c) the confidence in the association considering factors 

including the number and size of studies.



RESPIRATORY RESULTS



Overall

We concluded microplastic exposure 

is “suspected” to adversely impact:

• pulmonary function (moderate 

quality evidence)

• lung injury (moderate)

• chronic inflammation (moderate)

• oxidative stress (moderate)

We concluded that microplastic 

exposure is “not classifiable” for 
impacting:

Human

• chronic rhinosinusitis (very low 

quality evidence)

Animals

• total cell count (very low)



Key characteristic (chronic inflammation)

Key: 

Direction of effect: All included study results show change in the direction of ‘harm’  
Y axis = sample size   
Dark green = P<0.001, Green = P<0.01, Light green = ≤ 0.05, Red = ≥ 0.05   
*= Dose response identified in the study   



Key characteristic (chronic inflammation)

Estimate of the proportion of effects showing 
microplastics are harmful = 0.96 (95% CI of 0.82–0.99) (n = 
27/28)



Key characteristic (chronic inflammation)

We concluded that exposure to microplastics is “suspected” to 
induce chronic inflammation and lung fibrosis in humans on the 

basis of 

(a) the “moderate” quality of the body of evidence 

(b) the direction of the effect (i.e., evidence of an increasing 

adverse health effect with an increasing level of microplastic 

exposure)

(c) the confidence in the association considering factors 

including the number and size of studies.



DISCUSSION



Action is necessary to protect public health

Research 

• Rapid screening studies on health effects

• Biomonitoring and epidemiological studies

• Improved measurement tools

Policy

• Use legal authority to assess and regulate microplastics and 

mitigate microfiber release and prohibit the use of 

intentionally added microplastics in products 

• International Plastic Treaty - Focus on capping/reducing 

plastic production

• Phase out most toxic harmful plastic additives/most difficult 

to recycle polymers

• Phase out nonessential plastics

Investment Opportunities Education for Clinicians and the Public



Strengths

• We prioritized outcomes most relevant to human health 

• We applied the concepts of key characteristics

• We used best practices for synthesizing and presenting data 

when Meta-analysis is not possible

• We used rigorous methods to evaluate the data and develop a 

succinct bottom line summary of the evidence



Limitations

• Conclusions of this rapid review are likely an underestimation 

of the human health harms from microplastic exposure:

• Only evaluated 3 outcome types, studies on other outcomes may also find 

effects

• Rodents in studies exposed to manufactured, pure microplastics and not 

chemicals that degrade from plastic

• These include known harmful chemicals such as PFAS, phthalates, BPA 

• The studies only evaluated one route of exposure at a time

• People are exposed via multiple routes of exposure

• We could not do quantitative dose-response analysis nor meta-analysis 



Conclusion

Microplastics are a 

digestive hazard 

potentially linked to 

colon cancer

Microplastics are a 

reproductive hazard 

and linked to poor 

sperm quality

Microplastics are a  
respiratory hazard 
linked to chronic 

inflammation and lung 
cancer

Source: https://uccs.ucdavis.edu/calspec/2022-research-topic

https://pubs.acs.org/doi/10.1021/acs.est.3c09524 
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