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PRESENTATION DU SUJET  
Societal and scientific background 
According to a report of Santé publique France published in June 2016, 48000 premature deaths per year, and a 
loss of two years of life expectancy, are attributable to air pollution in France.1 Air pollution is recognized as the 
third cause of mortality in France (after tobacco and alcohol), thus as a major Public health issue. 

The European Commission has adopted the Clean Air Policy Package in December 2013 that includes a new Clean 
Air Programme for Europe with new air quality objectives and stricter national emission ceilings. The European 
Union has engaged a legal action against France after repeated warnings related to the concentration of particles 
exceeding the European limits. On February 15 2017, France has received the last warning from the European 
Union before a legal action in relation to nitrogen dioxide limit concentrations. 

Cardiovascular mortality is a major contributor to air pollution mortality, and blood pressure/hypertension has 
been investigated as one of the mechanisms through which air pollution causes cardiovascular morbilidity and 
mortality.2,3 The transient and acute increase in blood pressure when exposed to high concentrations of air 
pollutants,3 repeated a large number of times, is believed to lead to the chronicization of high blood pressure, i.e., 
to hypertension. Moreover, assessing short-term effects is important because the magnitude of these blood 
pressure increases is a determinant of future cardiovascular events after adjustment for physician office blood 
pressure,4 and because a transient increase in blood pressure is a trigger of cardiovascular events in vulnerable 
individuals.5  

Regarding these short-term investigations, a US study reported that an increase of 10 µg/m3 in the daily 
concentration of particulate matter with an aerodynamic diameter of 2.5 µm or less (PM2.5) was associated with a 
3.2 mmHg higher systolic blood pressure, with still stronger effects in the area where the average concentration 
of PM2.5 was the highest.3 Two studies found that the positive relationship between the short-term exposure to 
PM2.5 and blood pressure was stronger in areas where the road traffic was particularly dense.3,6 An experimental 
study demonstrated that the effects documented on blood pressure were attributable to the organic carbon 
fraction of PM2.5, mainly to fossil fuel combustion products of traffic sources.7 Another study that relied on 
repeated measures did not find any association between the concentration of PM2.5 and blood pressure but 
reported that a higher exposure to black carbon over the previous 7 days was related to an increased blood 
pressure.8 

All the aforementioned studies on blood pressure have assessed air pollutant exposure based on measures from 
fixed monitoring stations, while very few studies were able to measure personal exposure.9,10 One study that 
measured concentrations of PM2.5, organic carbon, and black carbon directly outside the residence showed that the 
strongest positive associations with blood pressure measured in a repeated way were documented for organic 
carbon, and for periods where the participants were at home and where measurement error was consequently the 
weakest.11 Despite inconsistencies between studies,12,13 one study9 showed that the personal exposure to PM2.5 
measured with a wearable monitor was more strongly associated with blood pressure than the concentration of 
PM2.5 measured outside each participant’s residence; but that the concentration of black carbon outside the 
residence showed a still stronger association with blood pressure, leading to the conclusion that a priority for 



future research may be to perform a personal monitoring of black carbon through wearable sensors (which was not 
done in this study, as opposed to the present project). 

Regarding limitations of this previous literature, first, relatively few studies of air pollution effects were based 
on repeated measures of resting blood pressure,14 and repeated measure studies have either recruited a small 
number of participants (much smaller than 100) or collected a limited number of measures per individual (n ≈ 33,8). 
Second, among repeated measure studies, extremely few have relied on an ambulatory monitoring of blood 
pressure,11,15,16 and none has examined both resting and ambulatory blood pressure as will be done in this PhD (each 
assessment having its own strengths). Third, extremely few short-term studies have examined short-term air 
pollution effects on central blood pressure (as more predictive of target organ damage and morbidity / mortality 
than brachial blood pressure), on aortic pulse wave velocity as a marker of the cardiac output (magnitude of energy 
wave to the periphery), and on the augmentation index as a marker of peripheral vascular resistance of the small 
arteries and arterioles.17 

Moreover, in current research, knowledge still is lacking on how the different air pollutants influence the acute 
blood pressure response. Indeed, challenges among others include the fact that various relevant air pollutants are 
correlated with each other, that their independent or synergistic effects (mix of pollutants) are not known, that 
their health influence may vary according to the context of exposure, and that these pollutants are correlated 
with noise exposure (as a major confounder). 
 

Objectives and methods 
The aim of the present PhD, using data from the MobiliSense project, will be to revisit the issue of the 
relationship between the exposure to various air pollutants [black carbon, particulate matter (PM) by particle size, 
nitrogen monoxide (NO), nitrogen dioxide (NO2), carbon monoxide (CO) and ozone (O3)] and the short-term blood 
pressure response. The approach of the present work is to rely on data from wearable sensors and related 
processing algorithms to refine the estimation of the association and understanding of the processes involved. The 
strategies of improvement are described in the following Table, which also indicates which sensor data from the 
MobiliSense study will be accounted for in the corresponding algorithms 

 

Strategies of improvement Sensor data 
employed 

1) A first aim will be to compare the relationship between the exposure to air pollutants and 
the acute blood pressure response when the exposure is assessed: (i) as commonly done at 
the residence of the participants; (ii) by combining their GPS tracks with localized hourly 
concentrations of air pollutants (mobility-based measure); and (iii) with the wearable sensors 
of air pollutants carried by the participants. 

- GPS receiver 
- Wearable air 
pollution monitor 
- Ambulatory blood 
pressure monitor 

2) Although there is strong evidence that air pollutants induce an acute blood pressure, it is 
not clear to date which pollutants or which combinations of air pollutants are particularly 
associated with this response. The personal exposure to different air pollutants assessed 
with wearable sensors in the MobiliSense study (black carbon, size-speciated PM, NO, NO2, 
CO, and O3) will allow us to assess the relative contribution of each air pollutant or 
combination of pollutants. 

- Two distinct 
wearable air 
pollution monitors 
 

3) In addition to the ambient concentrations of air pollutants in the micro-environments of 
interest, the present work will take into account that physical activity and ventilation rates 
have an impact on the inhaled doses of pollutants. Different approaches will be compared to 
derive estimates of inhaled doses of pollutants,18-20 considering (i) the intensity of physical 
activity and energy expenditure; (ii) heart rate; (iii) the respiratory rate; and (iv) both heart 
rate and the respiratory rate.  

- Wearable air 
pollution monitor 
- Accelerometer 
- Heart rate and 
breathing rate 
monitor 

4) A critical limitation of previous studies on air pollutants and acute blood pressure is that 
they have not considered the concomitant influence of noise on blood pressure. Because air 
pollutant concentrations and noise are highly correlated (e.g., due to road traffic), previous 
studies likely yielded severely biased estimates of air pollution effects on blood pressure. 
The estimated associations between exposure to air pollution in the micro-environments 
visited and acute blood pressure will be adjusted for the concomitant exposure to noise. 

- Personal 
wearable 
dosimeter 

5) The relationship between the exposure to air pollutants and blood pressure is most often 
averaged across the multiple micro-environments of the participants, obscuring the fact 
that exposure in certain micro-environments may be more strongly associated with the blood 

- GPS receiver 
- Related 
electronic mobility 



pressure response (e.g., due to variations in the composition of the particle mix between 
these environments). The MobiliSense GPS-based mobility survey will permit to assess 
whether certain types of places visited corresponding to particular activities or certain 
transport modes imply a stronger air pollution – blood pressure association. 

survey 

6) To our knowledge, this PhD project will be the first to investigate in a comparative way 
blood pressure assessed at rest in the morning and in the evening, and ambulatory blood 
pressure measured at regular intervals during the days (with two distinct devices). The 
ambulatory blood pressure monitor will allow us to measure, as extremely few studies have 
done, in addition to brachial (peripheral) systolic and diastolic blood pressure and pulse 
pressure, central systolic blood pressure and pulse pressure, aortic pulse wave velocity as a 
marker of the cardiac output and the so-called augmentation index as a marker of peripheral 
vascular resistance.17 

- Ambulatory blood 
pressure monitor 
- Other device 
connected to a 
smartphone for 
blood pressure at 
rest 

7) On the basis of preliminary analyses, the PhD student will determine which of the 
following methodologies are relevant to better capture the relationship between air pollution 
exposure and acute blood pressure response. In regression models for repeated 
measurements, a random effect can be specified at the individual level and spatial 
autocorrelation can be adjusted for.21 Temporal autocorrelation can be accounted for by 
using classical autocorrelation structures, and/or by accounting for the short-term trends in 
the outcome in the covariance structure. The nonlinear associations between the pollutant 
concentrations and blood pressure can be modelled with quadratic terms and/or with 
piecewise regression models. A possible strategy is to compare these random effect 
regression models to the machine learning random forest algorithm22 with respect to their 
ability to predict the blood pressure response. In the context of correlated pollutants, 
there are several approaches to disentangle the effects of different pollutants, including by 
estimating the association between pollutant A and blood pressure within pairs of individuals 
matched on the basis of their exposure to pollutant B. Factor analysis can also be applied to 
the various pollutant variables assessed in this study to examine the relationship between 
mix of pollutants and blood pressure.  

- All previously 
mentioned sensors 

 

Data 
In the MobiliSense ERC project, participants are recruited through a three-stage stratified sampling design 
(neighbourhoods, households, and individuals in different strata: hypertensives; with chronic obstructive pulmonary 
disease or asthma; without such conditions; and public transport users). Overall, 1000 participants recruited from 
the Population census in neighbourhoods of the Grand Paris are followed with sensors over 6 days. Participants will 
carry a slightly different set of sensors on each day over these 6 days. Participants will carry a GPS receiver and 
an accelerometer on all 6 days. On each of the 6 days, they will carry 2 of the 3 following personal monitors: the 
Personal Air Quality Monitor (PAQM 520) assessing size-speciated PM, NO, NO2, CO, and O3; the AE51 micro 
Aethalometer measuring black carbon; and a Svantek SV104A personal noise dosimeter. On the first three days, 
the participants will undergo ambulatory monitoring of central and brachial blood pressure. On the three following 
days, they will measure their blood pressure at rest in the morning and evening. The participants will carry the 
BioPatch on three successive days for a measurement of their heart rate and respiratory rate. On the basis of the 
GPS data, participants will be surveyed on their activities and transport modes, allowing us to decompose the 6-day 
period into segments corresponding to activity locations and trip stages with unique modes.  

Personal exposures to air pollution and noise will be assessed using personal monitors and by combining the 
cleaned GPS tracks with maps of exposures from AIRPARIF and BruitParif. The inhaled doses of pollutants will be 
comparatively estimated using the different methods listed in the Table above. Exposure windows of different 
time sizes will be considered.11,23 Different lags between the exposure window and the ambulatory blood pressure 
measures will be applied.  
 

Analysis  
Analyses of short-term effects of air pollution exposures on blood pressure will be based on a repeated measure 
framework, at the measurement level for ambulatory blood pressure and at the day level for blood pressure at 
rest (investigating the delta between the morning and evening measurements). This PhD project will apply the 
statistical procedures listed in the last section of the Table above. The confounding or modifying factors taken 
into account in these analyses will include: demographic characteristics (age, sex, country of birth, cohabitation, 



etc.); socioeconomic characteristics (education, employment status, occupation, income, wealth, etc.); health 
characteristics (personal history of diseases, medication use,3 etc.); health behaviour (physical activity assessed 
with accelerometry,11 tobacco and alcohol consumption, etc.); contextual characteristics defined at the residence, 
at the different activity places visited over the observation period, and along the trip itineraries (socioeconomic 
level, building density, population density, traffic density,3,6 etc.); temperature, relative humidity or apparent 
temperature,24 and atmospheric pressure; hour, day of the week, and season of the measurement; and conditions 
of measurement of blood pressure at rest (as assessed with a smartphone survey). 
 

Projected timetable and topic of the 3 articles 
- Month 1 – month 3: Literature review. First contact with the data. 
- Month 4 – month 12: First article 
- Month 13 – month 24: Revision of the first article. Second article. 
- Month 25 – month 29: Revision of the second article. Start of the third article. Preparation of the drafting of 
the thesis (detailed structure, additional bibliography, etc.). 
- Month 30 – month 33: Writing and submission of the thesis. Continuation of the third article. 
- Month 34 – month 36: Examination of the thesis by the defense committee members. Preparation of the defense. 
PhD defense. Submission of the third article. 
 

- The first article will be related to the measurement of the exposure to air pollutants, by contrasting residence-
based and GPS track-based measures to the measurements from personal monitoring, and by exploring the 
different approaches for estimating the inhaled doses of air pollutants.  
- The second article will investigate the relationships between the exposure to air pollutants and brachial blood 
pressure, developing the complex mixed model (individual random intercept, spatial and temporal autocorrelation 
structures, short-term trends), testing different approaches to capture nonlinear relationships, assessing the 
impact of controlling for the simultaneous noise exposure, and investigating the heterogeneity of the relationship 
across the various micro-environments.  
- The third article will comparatively focus on advanced vascular parameters (central blood pressure, pulse 
pressure, pulse wave velocity, and the augmentation index). This article will test multipollutant models, by defining 
variables of mix of pollutants through factor analysis, and by using random forests to predict the vascular 
responses from these multiple pollutant variables.  
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