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Background: why UFP?

HEI, 2013
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HEI, 2013

Background: How do UFP act on the body? 
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1. High spatial variability and temporal variability
à high degree of exposure missclassification in health studies

2. In traditional models, UFP and related air pollutants (NO2, black carbon) are
often highly correlated

à teasing apart the UFP effect from co-pollutant effects in health analyses is
difficult

à Which exposure assessment method for UFP have been used? 
à Innovative models present in the literature? Combination of methods? 
à What have others done and how can we transfer these methods to Germany?

Background: What makes UFP exposure assessment challenging
in epidemiological studies? 
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KoPilot

The Design of a Pilot Study on the Health Effects of Ultrafine Particles

Measuring Modelling Epidemiolog
y Systematic

review, 
development of

study design
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Federal Environment Agency – Germany 
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• Present first results from systematic review on long-term health effects of UFP

• Pay specific attention to co-pollutant adjustments in two-pollutant models
(NO2, PM2.5)

Objectives

NPC 24 – 13/06/2024 Systematic Review on UFP and Health
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Databases: 
PubMed 
LUDOK: specialized database on air pollutants and health    
Study Period: 
01.01.2011 – 01.09.2023 (old + updated search)

Search on 3 concepts: 
ambient air pollution, ultrafine particles, health and epidemiology

Risk of Bias Analysis and Qualitative Analyses

Methods: Search Strategy

NPC 24 – 13/06/2024 Systematic Review on UFP and Health
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Methods 
Inclusion Criteria for studies on UFP

Population General, selected or patient population:
All ages
Developed and developing areas
Urban and rural
No geographical restrictions

NPC 24 – 13/06/2024 Systematic Review on UFP and Health

Exposure Long-term Exposure to:
Particle number (PNC)  ≤100nm
Nucleation-mode particles (NucMP) 
Aitken-mode particles (AitMP) 
Quasi-UFP particles (AccMP)
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PRISMA Flowchart

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Studies included (n = 234) 
 
     Long-term Exposure (n = 62) 
     Short-term Exposure (n = 172) 

Records (n = 4417) identified from: 
  

PubMed (n = 4044) 
LUDOK (n = 346) 
Handsearch (n = 27) 

Records removed before screening: 
Duplicate records removed (n =  299) 

Records screened 
(n = 4118) 

Records excluded (n = 3712) 
Reviews (n = 237) 
Occupational, industrial sources of UFP or no appropriate UFP 
measures (n = 1292) 
Unclear clinical outcomes (n = 110) 
Non-human or animal studies (n = 301) 
Toxicological, methodological or ecological studies (n = 1740) 
Other (n = 32) 

Reports assessed for eligibility 
(n = 406) 

Reports excluded after full-text review (n = 172): 
 

No appropriate UFP measures (n = 107) 
Toxicological/occupational/ecological studies (n = 19) 
Unclear health outcomes (n = 13) 
No full-texts available (n = 16) 
Other (n = 17) 
 

Identification of studies via databases and registers 
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Study Characteristics
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Location
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Study Characteristics

Exposure Methods Organ Systems
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Qualitative Results on Cardiovascular Outcomes

+ Single Pollutant Model + NO2 + PM2.5
+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear
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Study All 
CVD

CVD 
Mortality

IHD 

Mortality

Stroke CHD MI Heart 
Failure

Hypertension

Blood Pressure

Pulse 
Pressure

Atherosclerosis Congenital 
Heart 
Defect

Aguilera et al. 2016
Assibey-Mensah et al. 2019
Bai et al. 2018
Bai et al. 2019
Bouma et al. 2023
Corlin et al. 2018
Corlin et al. 2018
Downward et al. 2018
Endes et al. 2017
Hennig et al. 2020
Lavigne et al. 2019
Li Y. et al. 2017
Ostro et al. 2015
Peralta et al. 2022
Poulsen et al. 2023
Poulsen et al. 2023
Rodins et al. 2020
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Study All 
CVD

CVD 
Mortality

IHD 

Mortality

Stroke CHD MI Heart 
Failure

Hypertension

Blood Pressure

Pulse 
Pressure

Atherosclerosis Congenital 
Heart 
Defect

Aguilera et al. 2016 + 
Assibey-Mensah et al. 2019 0
Bai et al. 2018 + 
Bai et al. 2019 + + 
Bouma et al. 2023 + 
Corlin et al. 2018 (+) (+)
Corlin et al. 2018 (+) (+)
Downward et al. 2018 + (+) (+) (+) + 
Endes et al. 2017 (+)
Hennig et al. 2020 0
Lavigne et al. 2019 0
Li Y. et al. 2017 (+) (+)
Ostro et al. 2015 0 + 
Peralta et al. 2022 0
Poulsen et al. 2023 +
Poulsen et al. 2023 + 
Rodins et al. 2020 (+) + 0
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Qualitative Results on Cardiovascular Outcomes

+ Single Pollutant Model + NO2 + PM2.5
+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

NPC 24 – 13/06/2024 Systematic Review on UFP and Health

Study All 
CVD

CVD 
Mortality

IHD 

Mortality

Stroke CHD MI Heart 
Failure

Hypertension

Blood Pressure

Pulse 
Pressure

Atherosclerosis Congenital 
Heart 
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• Cohort Study – Western Germany
• Baseline: 2000-2003 – Follow up: 2015
• Outcome: first occurence of stroke
• Self-reports, physician interviews, medical

records

Rodins et al, 2020
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Exposure Assessment Method:

• EURAD CTM
• Multilayer multigrid model system; 1km2 resolution
• Hourly estimates of PNacc for each grid cell assigned

to home addresses
• Multiple-year mean concentration at participants´

addresses
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• Cohort in Denmark
• Baseline: 2005, follow-up: 2017
• Outcome: stroke incident cases
• Source: Danish national patient registry

Poulsen et al, 2023
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Exposure Assessment Method:

• DEHM/UBM/AirGis
• Regional background + local 1x1km + mobile 
• UFP 10-1000nm
• 5-year average at participants` addresses
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• Cohort in the Netherlands (1993-2010)
• Outcome: all incident cerebrovascular

diseases
• Source: Dutch Hospital Discharge

Diagnosis Database

Downward et al, 2018
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Exposure Assessment Method:

• Spatial LUR
• UFP 10-1000nm
• 242 monitoring sites (with large contrasts in traffic

intensity)
• 30-mins measurements between 9:00 and 16:00; 

collected 3-times to account for change in seasonality
• Year-mean UFP at baseline address of participant
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Study Diabetes Metabolic
Syndrome

Obesity HbA1c 
(Diabetes 
biomarkers)

IL-1RA 
(Diabetes 
biomarkers)

Blood 
Glucose 
levels

Adinopectin Insuline
Sensitivity

Bai et al. 2018 + 
de Bont et al. 2019 +
Li et al. 2017 (-)
Lucht et al. 2018 + + 
Lucht et al. 2019 + (-) 
Lucht et al. 2020 +
Shin et al. 2020 +
Sorensen et al. 2022 + 
Voss et al. 2021 0
Zhang et al. 2021 (+)
Zou et al. 2022 + + 

+ Single Pollutant Model + NO2 + PM2.5 + PM2.5 and NO2 + CO

Qualitative Results on Metabolic Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear
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Qualitative Results on Respiratory Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

Study Respiratory disease mortality Lung cancer mortality Asthma COPD

Bouma et al. 2023 + + 
Clifford et al. 2018 0 
Lavigne et al. 2019 + 
Weichenthal et al. 2017 0 0 + 
Wright et al. 2021 +
Yu et al. 2022 + 

+ Single Pollutant Model + NO2 + PM2.5 + PM2.5 and NO2
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Qualitative Results on Respiratory Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

Study Respiratory disease mortality Lung cancer mortality Asthma COPD

Bouma et al. 2023 + 0 + +
Clifford et al. 2018 0 
Lavigne et al. 2019 + (+) 
Weichenthal et al. 2017 0 0 0 0 + 0 
Wright et al. 2021 + + 
Yu et al. 2022 + 0 

+ Single Pollutant Model + NO2 + PM2.5 + PM2.5 and NO2
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Qualitative Results on Respiratory Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

Study Respiratory disease mortality Lung cancer mortality Asthma COPD

Bouma et al. 2023 + 0 0 + + +
Clifford et al. 2018 0 0
Lavigne et al. 2019 + (+) (+) +
Weichenthal et al. 2017 0 0 0 0 0 0 0 0 + 0 + 0
Wright et al. 2021 + + 
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Study Food 
allergens

Inhalent
allergens

CRP WCC

Platelets

IL-6 Fibrinogens Free-light Chains Cancers

Bouma et al. 2023 0 0 
Clifford et al. 2018 + 
Corlin et al. 2018 (+) 
Goldberg et al. 2017 0
Lane et al. 2015 (+) (+)
Lane et al. 2016 (+) (+) (-)
Lavigne et al. 2020§ + 
Lucht et al. 2019 + (+)
Ohlwein et al. 2021 +
Pilz et al. 2018 (+)
Viehmann et al. 2015 (+) (+) (+)
Weichenthal et al. 2017 + 
Weichenthal et al. 2020 + 
Wu et al. 2021 + 

Qualitative Results on Inflammatory Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

+ Single Pollutant Model + NO2 + PM2.5 + PM2.5 and NO2 + CO
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• Positive associations:
• Cardiovascular outcomes (i.e. stroke, hypertension)
• Metabolic outcomes (i.e. diabetes, diabetes biomarkers)
• Inflammatory outcomes (i.e. CRP, cancers) 

• Unclear associations: 
• Respiratory outcomes (i.e. asthma, lung cancer mortality)
• Neurological outcomes (i.e. cognitive development)
• Pregnancy outcomes (i.e. low birth weight)

Summary

NPC 24 – 13/06/2024 Systematic Review on UFP and Health



30

• Substantial increase in the number of epi studies on long-term UFP and health
• Diverse outcomes, still sparse evidence for most of the specific diseases (exception

diabetes, with 6 studies)
• Most  studies use LUR models or combinations of various exposure assessment

methods, few used time-activity data
• Half of the studies adjusted for co-pollutants (i.e. NO2 and PM2.5) with mostly robust 

results

• Recommendations for future research:
• More studies with multi-pollutant analyses needed to draw definitive conclusions
• Usefulness of "extended" models using personal time-activity data still unclear
• Vast majority of studies were conducted in relatively clean environments. What

about the rest? 

Conclusions

NPC 24 – 13/06/2024 Systematic Review on UFP and Health
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KoPilot

Design and piloting of UFP exposure assessment methods for health studies

Overarching aim

• Improving the investigation of health effects of long-term UFP exposure - accurate and valid 
assessment of UFP exposure in the general population including their temporal and spatial variability

Objectives

• Systematic literature review for UFP and health effects (update of Ohlwein et al. 2019)

• Conducting a measurement campaign to examine spatial and temporal distribution

• Piloting a combination of 3 UFP models with different spatial resolution (hybrid) on a sub-city level 
and validation with measurements

• Developing a study protocol for a cohort study on long-term health effects of UFP in an urban area

33
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Qualitative Results on Neurological Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

+ Single Pollutant Model + NO2 + PM2.5
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Development
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Memory)

Cognitive

decline

Functional
connectivity

DSPN Brain 
Volume

Cortical 
thickness

Cognitive
Domains

Cognitive 
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Forns et al. 2017
Gan et al. 2023
Glaubitz et al. 2022
Herder et al. 2020
Lubczyńska et al. 2021
Lucht et al. 2022
Nußbaum et al. 2020
Sunyer et al. 2015

-
0

(+) 
(+)
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0

0 (-) (-) (-) 
(-) +

-
0
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0 0 0
0

0 (-) (-) (-) 0
(-) +
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Qualitative Results on Pregnancy Outcomes

+ significant positive; (+) positive not-significant 

- negative significant; (-) negative not-significant 

0 Null/Unclear

+ Single Pollutant Model + NO2 + PM2.5 + CO
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