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Why is the early life important? 
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“Need smoke be “black” to constitute an offence?”

The Lancet, 1903



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
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NO2 emissions between April 2018 – March 2019

Gathered by Copernicus Sentinel-5P mission



Nederlands longfonds









Fetal exposure to black carbon

Bove et al. Nature Com 2019



Saenen ND et al. Am J Epid. 2016

PM2.5 IQR % changea 95% CI P-value

Trimester 1 8.8 29.0 4.9, 58.6 0.02

Trimester 2 7.4 39.3 12.3, 72.7 0.003

Trimester 3 9.4 13.2 -9.4, 41.3 0.27
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a Percentage change in 3-Nitrotyrosine for an interquartile range increment in PM2.5 exposure, adjusted 
for gestational age, maternal age, maternal education, pregestational body mass index, smoking status, 
newborn’s sex, newborn’s ethnicity, and seasonality.

Placental nitrosative stress and air pollution 



Air pollution and health over the life course
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↑ cardiovascular 
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↑ cardiovascular 
mortality



Winckelmans et al. Environmental Research 2015  / Paper award 2015 Enviromental Research

The study population 
consisted of 525,635 
singleton live births in 
Flanders (Belgium) 
between 1999 and 2009. 
(SPE register)

Adjusted for year of birth, 
season of conception, 
parity, maternal age, 
marital status, maternal
and paternal education, 
national origin of the
mother.
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Atherosclerose en PM

Jacobs L. et al. Plos One 2011

Sun Q. et al. JAMA 2005.
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The concept of population vulnerability



Cystic fibosis

▪ 215 CF patients

▪ A pulmonary exacerbation = use of intravenous / oral antibiotics at home or in hospital. [Bilton D et al. Journal of Cystic Fibrosis 2011]

Goeminne P, et al. Chest 2014



lung transplant patients

Aim: Association between proximity of the home to major roads and incidence

of chronic rejection and mortality in a cohort of lung transplants.

Methods

• Follow-up (median 2.7 y) of 288 lung transplant patients.

• Geocoding.

• Cox regression



Incidence of BOS and % survival in association with 
residential distance to a major road (1)

Nawrot T, De Vos R et al. Thorax 2011

Red line represents those living within 171 m (lowest tertile) of a major road



Incidence of BOS and % survival in association with
residential distance to a major road (1)

Nawrot T, De Vos R et al. Thorax 2011

Adjustements applied for sex, age, type of transpalntation (single or double 

lung), infections, acute rejections, SES, time trend.



Ruttens et al. Eur Respir J 2017



COVID-19 and environmental factors



Current evidence is weak but hypothesis is relevant

▪ Air pollution has been shown to reduce respiratory resistance against 
bacterial and viral infections other than SARS-CoV-2. 

▪ Evidence is emerging that people living in high pollution areas might be more 
frequently infected by SARS-CoV-2, and more likely to develop COVID-19 
once outbreaks occur. 

▪ Almost all studies used aggregate data

▪ Outbreaks as well as air pollution are related to population density and other 
spatial variables. 

It has been very difficult until now to disentangle any independent effects of air 
pollution from effects of other causes of the disease outbreaks. 



Pre-admission air pollution exposure prolongs the duration of ventilation 
in intensive care patients

De Weerdt A, et al. Intensive Care Medicine 2020



• 2,003 patients admitted to the ICU, who were ventilated

• Daily air pollutant exposure (PM2.5, PM10, NO2 and BC) up to 10 days prior to hospital admission

• The association between duration of artificial ventilation and air pollution exposure during the last 10 days 
before ICU admission was assessed. 

De Weerdt A, et al. Intensive Care Medicine, 2020



De Weerdt A, et al. Intensive Care Medicine 2020
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Landmark study: US six city study

Dockery et al. New Engl J Med. 1993



• Data from 22 European cohorts
• Including 367 251 participants



VS EUWHO

Dose response association and thresholds / guidelines

Levels in Rybnik, 

Poland

Pope et al. JAMA 2002



Pope et al. N Engl J Med 2009





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





Defining the molecular core axis of ageing

Sahin et al. Nature 2011



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%







Telomere length early in life and life expectancy

Heidinger B et al. PNAS 2012



ENVIRONAGE ENVIRonmental influence ON early AGEing: 
environmental pollution – nutrition – lifestyle – and their interactions with genes

Janssen BG et al., Cohort profile ENVIRONAGE, Int J Epidemiology, 2017

ENVIRonAGE birth cohort

Mother-child 

pairs recruited

       Exposure                             Biomolecular markers                               Endpoints

Collection of maternal             

blood and urine, placental 

tissue and cord blood;                          

Questionnaire

Birth Follow-up

Cardiovascular phenotyping: 

Micro- & macrovasculature; 

Cognitive performance; 

Questionnaire

4 years 6 years



Sex differences of telomere length at birth

ADULTS (several cohorts)

Shorter in men vs women

NEWBORNS (ENVIRONAGE)

Hypertension, 2000, 2001;  Lancet, 2004; 
Circulation, 2008; AJE, 2007; Aging Cell, 2008 

n=734 n=693

Martens et al. JAMA Pediatrics 2017



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.



T
e

lo
m

e
re

 L
e

n
g

th
, 

k
b

p

Age, years

10

5

1
Cardiovascular risk

TL

Telomere length at birth



T
e

lo
m

e
re

 L
e

n
g

th
, 

k
b

p

Age, years

10

5

1

Telomere length at birth

Short 
TL

Long 
TL

Cardiovascular risk



T
e

lo
m

e
re

 L
e

n
g

th
, 

k
b

p

Age, years

10

5

1

Short 
TL

Long 
TL

Cardiovascular risk

Telomere length at birth
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Distance to major road
2-forld ↑, ↑ 5.3%  

placenta TL 
(Bijnens et al. , Environ Int.  201 5)

Residential green space
+  IQR,  ↑ 3.6%  placenta 

TL 
(Bijnens et al. , Environ Int.  201 5)

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

↓13.2%  placenta TL 
(Martens et al. , JAMA Ped. 201 7)

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)



Telomere length depends on 

Where you live How you live Who you are



What about DNA repair and damage during in utero life?

Neven K et al. Lancet Planetary Health 2018 

Current PM2.5 EU limit 25 µg/m³





ENVIRONAGE ENVIRonmental influence ON early AGEing: 
environmental pollution – nutrition – lifestyle – and their interactions with genes

Janssen BG et al., Cohort profile ENVIRONAGE, Int J Epidemiology, 2017

ENVIRonAGE birth cohort



Why do we study the microcirculation?

• The primary function of the microcirculation 
is to supply oxygen and nutrients to all 
organs.

• It also has an important role in regulating 
coronary blood flow and blood pressure 

• It is related to cognitive function





Central retinal venular equivalent (CRVE) 

= average width of 6 largest veins 

Prenatal air pollution and microvascular function @ age of 4 

Seidelmann et al. Circulation 2016

Luyten et al. JAMA Network open 2020



Cardiovascular assessment 

Skin perfusion was assessed using a laser Doppler system to detect blood flow changes

Measurement of the Doppler shift that occurs in light that has been scattered by moving 

red blood cells 



Changes in the microvasculature and prenatal exposure

Skin hyperemia in children is inversely associated with air 

pollution exposure during the third trimester of pregnancy

→ Postnatal exposures did not alter these associations

Suggests a role for prenatal air pollution exposures in the 

microvascular origin of cardiovascular disease development 

later in life 

Estimates are given as percentage change (95% CI) for every IQR increase in PM10,

PM2.5, BC, or NO2. Prenatal models were adjusted for the year of skin perfusion

assessment, date of delivery, age of the child at the house visit, sex, child's birth

weight, parity, age of the mother at birth, pre-pregnancy BMI, gestational age,

gestational weight gain, maternal smoking, newborn ethnicity, and maternal education.

For the described models, n = 139. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001



Why is the early life important? 



Air pollution is linked with health effects over the life span
Enviromental exposures in early life are relevant for disease development throughout the life span 
Telomere is a marker for the exposome and integrates environemntal conditions with molecular ageing
Healthy air is a major determinants of molecular longevity of the next generation
Current EU PM2.5 standard is not protective to prevent air pollution induced molecular and organ ageing
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Next lectures
February 8th, Greener cities good for 
cognitive function ?

February 15th, Climate change and health

February 22nd,  Air pollution and brain health March 1st,  Is Environment and Health still relevant in Europe?


