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Disclaimer: I will show real-life data and associations. Do not 
worry, it is all perfectly normal in the wild world of 
epidemiology!



“Need smoke be “black” to constitute an offence?”

The Lancet, 1903



Le Soir Illustré, 13 Dec 1930, N° 147

Nemery B et al. Lancet 2001



5 Dec 1930 6 Dec 1930 8 Dec 1930

Spanish flu? Microbes from the Sahara? Chemical warfare?

New York Times, 1930

Courtesy of  B. Nemery, KU Leuven



Questions I like to address

▪ Are particles translocating from mother to fetus at low ambient
cocentrations?

▪ Does early life exposure to particles influence the molecular longevity
potential?

▪ Can we protect the general population from molecular ageing by air 
pollution?

▪ Black carbon and disease progression in hospitalised COVID patients



Nederlands longfonds





Accumulation of ambient black carbon particles within key memory related brain 
regions
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Vanbrabant K, et al. Jama network open, 2024



Figure 2. BC particles are observed in major structural components of kidney biopsy
tissue from transplant recipients one-year post-transplant. The white light generation
originating from the BC particles (depicted in white and indicated with white arrowheads)
under femtosecond-pulsed laser illumination can be observed in multiple renal structures: A)
in the interstitial region surrounding tubule(s), B) in the epithelial lining of the tubule(s), C) in
the smooth muscle surrounding a blood vessel, and D) in the capillaries of the glomerular tuft.

Rasking et al. 2023. Environmental Health.





Fetal exposure to black carbon

Bove et al. Nature Com 2019
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Bongaerts E, et al. Lancet Planetary Health, 2022



Fetal liver Fetal lung

Fetal brain Preterm placenta

Bongaerts E, et al.
Lancet Planetary Health,
2022
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Paracelsus (1493-1541)

“The dose makes the poisson” 









Microbiome sampling Bone densityCognitive testsCord blood sampling

Questionnaire data Physical activity Ultrasound imaging

Retinal imaging Blood sampling Telomere length Blood pressure

Anthropometrics
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Adjusted for parity, season of delivery (winter, spring, summer, or autumn), sequencing batch (first or second), child’s age (year), gender (boy 

or girl), weight (kg), length (cm), and maternal education (low, middle, or high) 

Chao1 richness

Shannon diversity

Simpson diversity

Van Pee et al. EHP 

2023





VS EUWHO

Dose response association and thresholds / guidelines

Levels in Rybnik, 

Poland

Pope et al. JAMA 2002





The Nobelprize in Medicine (2009)
“For the discovery of how chromosomes are protected by 

telomeres and the enzyme telomerase”

Elizabeth 
Blackburn

Jack
Szostak

Carol
Greider



Telomere length and ageing

Nawrot et al., Lancet, 2004







Telomere length early in life and life expectancy

Heidinger B et al. PNAS 2012



Models were adjusted for date of delivery, gestational age, maternal body mass 
index, maternal age, paternal age, newborn sex, newborn ethnicity, season of 
delivery, parity, maternal smoking status, maternal educational level, pregnancy 
complications, and ambient temperature.
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Distance to major road
2-forld ↑, ↑ 5.3% 

placenta TL 
(Bijnens et al., Environ Int. 2015)

Residential green space
+ IQR,  ↑ 3.6% placenta TL 

(Bijnens et al., Environ Int. 2015)

Prenatal PM2.5
+ 5 µg/m³; ↓8.8% cord TL

↓13.2% placenta TL 
(Martens et al., JAMA Ped. 2017)

Pre-pregnancy BMI
+1 unit; ↓0.5% cord TL
↓0.6% placenta TL 

(Martens et al., BMC Med. 2016)

Maternal education
Low vs High↓3.3% cord TL

↓3.4% placenta TL 
(Martens et al., JAMA Open. 2020)

Ambient
Temperature

Each 1°C above 20°C; 
↓1.5% cord TL

↓0.8% placenta TL 
(Martens et al., EHP. 2019)

Pre-pregnancy BMI
+1 unit; ↓0.2%  TL

(Clemente et al., Sci Rep. 2019)

Prenatal NO2
+1SD, ↓1.5% child TL

(Clemente et al., EHP. 2019)
Maternal pregnancy cotinine

↓3.9% child TL
(Osorio et al., Sci Tot Env. 2020)

Epigenetics
placental miRNA

targets
(Clemente et al., EHP. 2019)
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Cord blood TL (n=485)

Placenta TL (n=464)

0.4 0.6 0.8 1.0 1.2 1.4

OR (95% CI)

Model 2

Model 1

Unadjusted

Model 2

Model 1

Unadjusted

Cord blood TL

Placenta TL

Mean arterial bp (continuous) High blood pressure (AAP2017)

Clinical relevance

Model 1 adjusted for newborn sex, ethnicity, gestational age, birthweight, maternal age, maternal pre-pregnancy BMI, 

maternal education, maternal smoking during pregnancy and maternal gestational hypertension. 

Model 2:  Model 1 + child age, weight, height at follow-up and household smoke exposure

Newborn TL and later-life cardiovascular health ?

Sharma et al., JAMA Pediatrics, 2018

Age-, sex-, height 

specific BP 

percentiles



Questions I like to address

▪ Are particles translocating from mother to fetus at low ambient
cocentrations?

▪ Does early life exposure to particles influence the molecular longevity
potential?

▪ Can we protect the general population from molecular ageing by air 
pollution?

▪ Black carbon and disease progression in hospitalised COVID patients



Hallmarks of ageing vs hallmarks of environmental insults

Lopez-Otin et al. Cell 2013 Peters et al. Cell 2021



β presented for a 10-year increment in age; † indicates p value<0.001

The urinary proteomic marker of ageing 

1) Protein-wide analysis: 

635 sequenced peptides (67 parental proteins) 

with detectable signal in ≥70% of FLEMENGHO as start

Derivation data (n=559)

210 age-associated peptides (39 parental proteins)*

FDR-significance

Pathway analysis

Time-shifted (n=559) and synchronous (n=219) validation 

85% of (33/39) proteins confirmed

 COLLAGEN BREAKDOWN WITH AGE

UPP data space

21,560 peptides; 4080 sequenced

Analyses adjusted for sex, MAP, BMI, plasma glucose, γ-glutamyltransferase, smoking, total-to-HDL ratio, and eGFR

Parental 

protein

Discovery

n=559

Time-shifted
n=559

Synchronou
s n=219

CL1A1 -0.32† -0.19† -0.34†

COL25A1 +0.30† +0.37† +0.25†

COL3A1 -0.30† -0.17† -0.34†

COL19A1 -0.27† -0.15† -0.21†

COL1A2 -0.24† -0.21† -0.25†

COL11A2 -0.20† -0.13† -0.22†

COL4A3 -0.19† -0.18† -0.18†

COL8A1 -0.18† -0.09† -0.22†

COL9A2 -0.17† -0.08 (p=0.057) -0.20†

COL17A1 -0.17† -0.08 (p=0.058) -0.17†

COL5A2 -0.17† -0.08† -0.25†

COL5A1 -0.16† -0.07 (p=0.059) -0.19†

Young age

Synthesis Breakdown

Advanced age

BreakdownSynthesis

Martens et al. Lancet longevity 2021



The urinary proteomic marker of ageing 

UPP-age constructed by elastic net regression

54 peptides (17 parental proteins)

Discovery Time-shifted Synchronous 

Martens et al. Lancet longevity 2021

C
-a

ge

U
P
P
-a

ge

U
P
P
-a

ge
-R

C
-a

ge

U
P
P
-a

ge

U
P
P
-a

ge
-R

C
-a

ge

U
P
P
-a

ge

U
P
P
-a

ge
-R

C
-a

ge

U
P
P
-a

ge

U
P
P
-a

ge
-R

0

1

2

3

4

5

6

7

8

H
R

 (
9
5
%

C
I)

Total Mortality (71/778)

Cardiovascular (24/778)

Non-cardiovascular (43/778)

Cancer (71/778)

Chronlogical ageChronlogical age

U
ri
n

a
ry

p
ro

te
io

m
e

a
g
e



The urinary proteomic marker of ageing 

Proteomics clock: association with ambient air pollution exposure

~ 0.8 to 1.2 years higher
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Adjusted models

Unadjusted models

Adjusted for age, sex, MAP, BMI, plasma glucose, γ-glutamyltransferase, smoking, total-to-HDL ratio, eGFR, socio-economic status

Mean with 

(IQR)

PM10, 

µg/m3 17.9 (3.9)

PM2.5, 

µg/m3 12.9 (1.6)

NO2, µg/m3 17.2 (5.2)

BC, µg/m3 0.74 (0.31)



Proteomics clock: association with ambient air pollution 

exposure

▪  Vitamin K is essential for 

1)  Blood coagulation (GLA proteins)  Bleeding (Vitamin K deficiency)

2) Bone mineralisation (regulation of osteocalcin) Osteoporosis (Vitamin K deficiency)

3) Regulating vascular stiffness and vascular calcification  Increase CV (Vitamin K deficiency)

- Strong interaction with vitamin K status (more sensitive with poor vitamin K status)

- How do we measure this?

Vitamin K is co-enzyme in conversion:

dp-ucMGP to dp-cMGPHigh dp-ucMGP reflects poor vitamin K status



The urinary proteomic marker of ageing 

Proteomics clock: association with ambient air pollution exposure

- Strong interaction with vitamin K status
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Martens et al. EHP 2023







Black carbon particles translocate to fetal organs even at low concentration
Healthy air is an important determinant of “molecular longevity”
Vitamin K2 might lower impact of air pollution on premature ageing
BC exposure influence COVID-19 severity in hospitalised patients
EU air quality improved during the last decade but further lowering will further improve public health
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BC = black carbon, CCB = conductive carbon black, and TPAF = background signals



Martens & Nawrot, Curr Environ Health Rep, 2016 



Air pollution and molecular core axis of ageing

% change 95% CI p-value

Telomere length -16.1% -26.0 to -7.4 0.0005

MtDNA content -25.7% -35.2 to -16.2 <0.0001

SITR1 -17.4% -30.0 to -5.1 0.006

Adjusted for gender, age, body mass index, socio-economic status and statin use

• 182 elderly, average age (SD): 71 (4.6) years
• PM2.5 range 15-23 µg/m³

Pieters N, et al., Environ Health Perspect, 2016

Estimates given for 5 µg/m³ ↑ in PM2.5

SIRTUIN 1

TELOMERE

LENGTH

ANNUAL

PM2.5

Total effect: -0.11
(95%: -0.2to-0.03)

p=0.009

Indirect effect: -0.02
(95%: -0.04 to -0.002)

p=0.04

Direct effect: -0.09
(95%: -0.18 to 0.005)

p=0.04

20%



The urinary proteomic marker of ageing 

Proteomics clock: association with ambient air pollution exposure

- What are the ageing effects in adjusted analyses?

UPP-age-R

Exposure Estimate (years) p value P-interaction

PM10

Low dp-ucMGP -0.08 0.90 0.0032

High dp-ucMGP 1.99 0.0075

PM2.5

Low dp-ucMGP -0.06 0.93 0.0075

High dp-ucMGP 2.18 0.0058

BC

Low dp-ucMGP -0.06 0.93 0.012

High dp-ucMGP 1.95 0.0088

NO2

Low dp-ucMGP -0.47 0.46 0.0074

High dp-ucMGP 2.06 0.0028
Adjusted for age, sex, MAP, BMI, plasma glucose, γ-glutamyltransferase, smoking, total-to-HDL ratio, eGFR, socio-economic status

Effects per IQR increment in air pollutant


