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EFFECTS OF OUTDOOR AND HOUSEHOLD AIR POLLUTION ON PREGNANT WOMEN IN 

AFRICA  

Purpose and aims 

Air pollution is the major environmental threat to human health (GBD). Recent satellite 
images revealed that many places in Africa exceed WHO guidelines for outdoor air pollution, 
although measurements and high spatial resolution modeling is lacking. Household air 
pollution from cook stoves is also detrimental for health in LMIC, more knowledge on how 
different cooking habits can affect exposure is also crucial. Although, pregnant women and 
her fetus could be the most exposed and susceptible populations to air pollution, high quality 
studies in developing countries are lacking.  

Our purpose is to investigate the effect of air pollution in regards to pregnancy 
complications, such as preeclampsia, tuberculosis and low birth weight, in a prospective 
birth cohort with high quality data on outdoor and household exposure to air pollution. 

Specific aims: 

1. Model exposure to household air pollution by combining measurements with 
cooking habits.  

2. Model exposure to outdoor air pollution by combining measurements with GIS-
tools and aerial and topographical images.  

3. Perform epidemiological studies on the hypothesized association on air pollution and 
risk for preeclampsia, tuberculosis and low birth weight.  

The results will provide important knowledge so appropriate measures can be taken for 
pregnant women in LMIC. 

Survey of the field 

Outdoor air pollution in Africa- the health threat we do not monitor or model: The 
exposure from outdoor air pollution is increasing in Africa due to growing urbanization, 
motor vehicle use, and population growth. The unregulated industrial and traffic emissions 
cause the air quality in African cities to rapidly deteriorate and become a key threat to health, 
environment, economy and quality of life for millions of Africans  [1]. Satellite pictures can 
give a rough estimate of the problem, in fact a recent study suggests that a large part of 
Africans are exposed to PM (Particular Matter) levels above WHO guidelines [2]. In order to 
be able to conduct studies on the health effect of outdoor air pollution, air pollution models 
with a finer spatial resolution is crucial. Due to lack of financial and technical resources high 
quality air pollution exposure assessment in Sub-Saharan Africa is very scarce [3] and air 
quality is not monitored at all in this part of the world (see figure 1). This knowledge gap 
makes it hard to develop adequate policy and calculate health costs. We aim to contribute by 
applying cost effective, yet state-of-the art measurement and modelling tools in an area with 
an already up and running prospective cohort. 
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Household air pollution-the knowledge need of emissions by cooking habits: Globally, 
household air pollution is estimated to be responsible for 3.5 million premature deaths 
annually [4]. One in two households in the world rely on solid fuel, i.e. biomass burning for 
heating and cooking [5]. About 95% of the energy supply in Ethiopia comes from biomass 
sources [6].  In this country, the household air pollution was 2007 the estimated cause of more 
than 50 000 deaths and nearly 5% of the national burden of disease [6]. Still, due to lack of 
knowledge the effect on the pregnant women is not included in this assessment, even though 
cooking is mainly performed by women. During pregnancy the inhalation rates increased with 
50% [7]. The few existing studies on household air pollution effects during pregnancy have 
crude exposure assessment without details on cooking habits (e.g. stove type or fuel used) [8]. 
Intervention in Sub Saharan Africa has failed and the exposed population has doubled since 
1980 [5]. Yet, Sub-Saharan Africa has been identified by economists as the most promising 
part of the world to combat emissions from cooking [9] and hopefully this will be targeted in 
the future.  In order for the most appropriate actions to be initiated, better knowledge is 
needed on emission factors related to cooking habits, fuels and stove used. 
 
Air pollution effects -did we forget the pregnant women?: Exposure to air pollution, 
especially to ultra-fine particles (< 1µm), has been shown to induce oxidative stress and 
inflammation[10]. But we are only beginning to understand how air pollution exerts its effect 

corresponding well to the size range of anthropogenic air pollution, can penetrate the alveolar 
wall into the maternal bloodstream through which particles and inflammatory mediators may 
reach the placenta and even the fetus [11, 12]. 
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Despite improving population health during the last decade, Ethiopia has one of the highest 
rates of maternal mortality globally, with preeclampsia (PE) being the major cause (16%) of 
maternal death [13] and accountable for 25% of stillbirth and neonatal deaths. Although the 
cause of preeclampsia remains unknown, evidence suggests that oxidative stress disrupts 
vascular function in the placenta, resulting in insufficient blood perfusion and inflammation. 
Recent findings suggest an increased risk for preeclampsia during pregnancy due to exposure 
to outdoor air pollution in recent studies and meta-analysis [14, 15]. So far, to the best of our 
knowledge, the hypothesis that also household air pollution would affect the risk of 
preeclampsia has only been tested in one Indian study. This study indicated a doubled risk for 
preeclampsia symptoms if the woman had used solid fuels for cooking during her pregnancy, 
but the study had very crude exposure and outcome assessments [16].    

Evidence is accumulating that poorer growth during the fetal period, often estimated by low 
birth weight, is an important risk factor for mortality and adverse health later in life (also 

) [17]. Low birth weight has been 
associated with maternal exposure to traffic related air pollution during pregnancy [18]. Also 
household air pollution has a strong evidence of effect on birth weight [8] but as for previous 
outcomes exposure assessments needs to be improved.  

Tuberculosis (TB) is estimated to be the leading infectious cause of mortality in the world. 
There is an estimated 9.0 million incident cases and 1.5 million deaths every year [19], the 
majority of which occur in low-income countries. Pregnancy is a susceptible period for 
developing TB. Several respirable risk factors including smoking (active and passive) and air 
pollution from biomass has been suggested to increase the risk of TB because of their 
potential negative impact on the airway defense mechanism [20]. There is however, limited 
evidence on the association of exposure to household air pollution and tuberculosis. Reviews 
have highlighted the need of high quality studies to clarify the association and if such an 
association exist to magnify the problem [20, 21]. The main concern with previous studies 
have been that they rely on crude exposure assessment and that the diagnoses of tuberculosis 

[21]. 

In this multidisciplinary project we will assess exposure to air pollution from both household 
cooking and outdoor sources. The methods developed could be used in a wider framework but 
will here be used in epidemiological studies using a well characterized cohort of pregnant 
women in Adama, Ethiopia. The knowledge gained in this project could have great 
implication for preventative actions in order to protect health especially for pregnant women 
and her future children.  
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Methods 

Study setting: This project is conducted in an uptake area with around 600 000 inhabitants in 
and around the city of Adama (also called Nazret), Ethiopia. Originally, the Pan-African 
highway connecting Djibouti and Addis Ababa ran through Adama, but a new multi lane 
stretch of the highway has been built around the city to shorten travel time (Figure 2). 
However, choosing this stretch instead of the road through the city costs a fee, resulting in 
most vehicles-especially the older ones- takes the route through Adama. This makes the city a 
busy and polluted transportation center.  

Security situation in collaboration country: The study setting, Adama, is an area deemed fit to 
travel to by The Swedish Ministry of Foreign Affairs.  

 

Outdoor air pollution- applying high quality modelling tools and assessing exposure  

Land use regression (LUR) is a well validated air pollution modelling tool used in European 
and North American epidemiological studies to assess exposure [22, 23]. One previous study 
demonstrated that LUR was a valid and cost-effective approach for air pollution modelling 
also in an African setting [3]. Briefly, the basis of developing a LUR-model is to collect a 
large number of digitalized geographical variables, such as road networks and land use, 
surrounding each of the measuring sites and to include these into Geographical Information 
Systems [GIS]. The collected variables should previously be known to have an impact on the 
pollutant of interest. LUR is a statistical approach to model air pollution, by trying to explain 
the variation in measured levels between different sites based on differences in geographical 
variables, hereafter referred to as predictor variables.  Levels of pollution may then be 
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predicted for any location, such as individual homes, using the parameter estimates derived 
from LUR-model. The LUR procedure is further described in the ESCAPE exposure 
manual:(http://www.escapeproject.eu/manuals/ESCAPE_Exposure-manualv9.pdf.  

In this study we will at 40 systematically selected locations measure nitrogen dioxide (NO2) 
during 48h at each location using passive samplers at a height of 3 meter. The locations will 
be selected to represent street, urban and regional background sites. The collected samples 
will be stored in an icebox and transported to Umeå University for analysis. The geographical 
variables will be collected from the following sources; traffic data from Open Street Map and 
Google Earth, land use data (collected as near sampling period as possible) from Landsat-
(30m) satellite images (http://usgs.gov) and the multispectral RapidEye image (5m-pixel size, 
5 spectral bands (www.blackbridge.com). The land cover classes will be inspected visually 
and verified using Google Earth. As elevation can affect pollutant concentrations we will also 
use elevation at sampling sites from STRM 90m from the digital elevation model (http://cgiar-
csi.org). We will use ArcGIS (ESRI, Redlands, CA, USA) for spatial analyses and SPSS 
(IBM) and SAS for statistical analyses. Validation will be done by cross-validation and 
against measurements at residential addresses.  

This approach will result in an air pollution model with the fine spatial resolution 
needed for high quality epidemiological studies.  

NO2 which can be sampled easily and cost effectively is commonly used as a proxy for traffic 
related air pollution exposure in high income countries. It is not known how well it correlates 
with emissions from old, heavy vehicles with neither particle filters nor catalytic converters. 
Therefore, and for obtaining more information about the characteristics of outdoor air 
pollution, supplementary mass concentration measurements will be conducted at 20 of the 40 
locations. The measurements will be conducted during both dry and rainy seasons using a 
DustTrak DX. This optical instrument gives time resolved mass concentrations of PM10 
(particles smaller than 10 µm), PM2.5 (particles smaller than 2.5 µm) and PM1 (particles 
smaller than 1 µm), as well as the possibility to simultaneously sample on a filter for 
calibration purposes. This will provide us with the possibility to evaluate how good NO2 
measurements are as a proxy for traffic related air pollution, something which has not been 
done with such an old vehicle fleet as the Ethiopian. We will also collect particles for 
chemical characterization, and for the opportunity to conduct toxicological studies (not 
included in this application) using a BGI900 High Volume sampler.  This device samples 1 m3 

of air per minute, and collects airborne particles smaller than 10 µm and smaller than 2.5 µm 
on a polyurethane foam substrate [19]. A technique based on extracting the collected particles 
in pure methanol (MeOH extraction protocol), will be used. We have previously used this 
method successfully for diesel exhaust particles, candle soot and welding fume, and the 
extraction method has also been used in the EU project Respiratory Allergy and Inflammation 
due to Ambient Particles. After extraction, the particle-MeOH solution is dried and the 
chemical properties of the dried collected particles will be analyzed for constituents who are 
of health relevance using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) for 
elemental  including metal - composition, gas chromatography-mass spectrometry (GC-MS) 
for polyaromatic hydrocarbons (PAH) and OC-EC for analysis of organic carbon and soot. 
Particle shape will be investigated using Sweeping Electron Microscopy. 

This approach will allow us to test our model assumptions in an African setting 
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Individual exposure will be based on residential addresses collected in the questionnaires, 
which will be digitalized using a Geographical Positioning System (GPS). For a subsample 
we will test and verify this approach by determining GPS coordinates by home visits.  

Preliminary results and significance: A pilot study 
conducted by Malmqvist and Isaxon in Oct 2015, 
indicated pollution levels with peak orders of 
magnitude higher than WHO guidelines (Figure 3). 
The pilot study was done using mass concentration 
instruments without the possibility to calibrate with 
parallel filter measurements (DustTrak DRX8534 
and SidePak AM510), meaning that results are 
approximate only. The measurements suggested in 
this proposal will generate more reliable data, which, 
through the network with co-applicant Dr. Taye 
Balcha who works at Ministry of Health as Head of 
Office of the State Minister, can be used to influence 

governmental bodies to design appropriate policies which incorporate exposure and health.  

Household air pollution-assessing exposure and increasing the knowledge of emissions by 
cooking habits  

In the cohort questionnaire there are several questions on household air pollution based on e.g. 
cooking fuels, methods and exposure times. In the Aerosol laboratory at Lund University we will 
use three main types of Ethiopian fuels: wood, charcoal and cow dung, in both an Ethiopian 
traditional stove and an open fireplace, to generate aerosols in a well-characterized, 
representative, and reproducible way. By measuring mass- and number concentrations with 
state-of-the-art instruments (Tapered Oscillating Micro Balance (TEOM) for time resolved 
mass concentrations and Scanning Mobility Particle Sizer (SMPS) for time- and size resolved 
number concentrations) we will assess number and mass of particles emitted per unit time. 
These emission factors will be used together with answers from the questionnaire to calculate 

the BGI900, for the possibility to make detailed chemical analysis. All aerosol technical 
equipment mentioned is already in place at Lund University. The emission factors this will 
generate will be used together with answers from the cohort questionnaire to calculate each 

 

Preliminary results and significance: Our pilot study indicates the severity of the exposure 
and that different cooking habits have 
different emission factors (Table 1). 
The results will make it possible to 
provide new and valuable knowledge 

cooking habits, fuels and stoves. This 
knowledge can be used to combat 
emissions by implementing different 
habits and/or cleaner stoves and/or 
promoting cleaner fuels.  
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Air pollution effects on the pregnant women  

Study participants: Participants are recruited and followed up at antenatal care (ANC) clinics 
at two public health centers and at the Adama regional hospital. Around 8 000 women register 
annually for ANC at these facilities. Inclusion of study participants started in November 2015, 
until at least 2 000 pregnant women have been included (as of March 31 2016, 705 women 
have been included). Trained health facility staff will perform all study investigations, with 
weekly monitoring by study investigators and the research data management team. 

Study design: At inclusion, structured information on socio-demographic conditions, 
education, occupation and poverty indicators are collected; as well as medical history (in 
particular for obstetric, gynecological and TB details). Detailed information on aspects of 
household cooking and ventilation is also included for exposure assessment. Physical and 
obstetric examination is performed. Apart from the study procedures and investigations, 
participants receive care according to current Ethiopian ANC guidelines. Participants will be 
followed one month after inclusion, and then at two-monthly intervals. TB testing will be 
ongoing until one year after delivery. In case of suspected active TB bacteriological testing 
will be done according to the study protocol. If diseases or complications of pregnancy are 
suspected, testing is performed according to Ethiopian guidelines for pregnancy care.  

Outcomes: Preeclampsia is defined as: 2 readings of blood pressure 140/90 mm Hg at least 
4 hours apart, and proteinuria, 300mg in 24 hours, or 2 readings of at least +2 on dipstick 
analysis of midstream or catheter urine specimens if no 24-hour urine collection was available 
[24]. We will also investigate birth weight defined as weight below 2500g, the 5th percentile, 
-2 standard deviations and as a continuous variable. Birth weight is measured at delivery or 
shortly after for home deliveries. Women are tested for latent Tuberculosis (TB) at inclusion 
during pregnancy and at 9 months post-partum in case of previous negative results (using 
Quantiferon TB-Gold Plus, an interferon-gamma release assay). In addition, testing for active 
TB is performed continuously during the study period.  

Confounders: The abundance of data collected during antenatal visits allows us to adjust for 
all a priori  i.e. medical history, maternal age, parity, pre-pregnancy BMI, 
smoking, poverty indicators and maternal education.  

Statistical analyses: The effect of outdoor and indoor air pollution will be investigated on 
preeclampsia and low birth weight using logistic regression. Birth weight deviation (with 
adjustment for gestational age) as a continuous variable will be assessed with linear 
regression. Tuberculosis will be investigated using survival and logistic analyses. Relevant 
confounders such as parity, maternal age, socioeconomic status, medical history are included 
in the cohort (collected at maternal care visits) and adjusted for. 

Statistical power: A number of graphs of statistical power have been the basis for planning 
the project, although such calculations are marred by assumptions of varying certainty. The 
statistical power in any study depends on a range of circumstances. Here, contrasts of air 
pollution exposure and exposure measurement error are among the most important. We have 
used a very conservative approach in the power calculations below (contrasts of air pollution 
exposure will according to pilot study be much larger). Random-effect meta-analysis 
combined odds ratio associated with a 10- 2.5 was 1.62 (95%confidence 
interval, 1.28-2.00) for preeclampsia [15]. If we assume that 650 women are defined as the 
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high exposed group then we will be able to detect true relative risks of 1.5 or higher in high 
exposed subjects relative to lower exposed subjects with a power of 80% (alpha 0.005). Low 
birth weight risk; pooled odds ratios for low birth weight 1.22 (1.07-1.39 3 

PM2.5[25]. If we assume that 650 women are defined as the high exposed group then we will 
be able to detect true relative risks of 1.2 or higher in high exposed subjects relative to lower 
exposed subjects with a power of 80% (alpha 0.005). Tuberculosis cases are more likely to 
be exposed to IAP than healthy controls (pooled OR 1.30; 95% CI, 1.04-1.62; P = 0.02)[21]. 
If we assume that 650 women are defined as the high exposed group then we will be able to 
detect true relative risks of 1.2 or higher in high exposed subjects relative to lower exposed 
subjects with a power of 80% (alpha 0.005). 

Ethical considerations and data security: All research involving personal data has potential 
integrity violations for the individual. We hope that our planned research, through increased 
scientific knowledge, in the long run would contribute to better maternal health in LMIC. 
Crucial for minimizing potential integrity violations is that data are handled properly in order 
to minimize the risks for identifying individual persons in the data. Data based on above 
mentioned variables will be stored at the Department of Occupational and Environmental 
Medicine in Lund. An identifiable code key will be developed that will be stored in a secure 
way according to the Ethical Permission. Thus, no identifiable variables or coordinates will be 
left in the database. Only involved researchers will be allowed to access the database. In 
addition the database will have a password. The work will be conducted in line with 
international rules and agreements. The results would be presented in an aggregated form and 
data would be handled with appropriate high confidentiality in order to avoid integrity 
violations. Ethical permissions for the birth cohort exist both from Ethiopia and Sweden. An 
amendment for the air pollution part has been sent in. We do not anticipate any difficulty in 
obtaining permission as our research team has previously had similar projects approved.  

International and national collaboration: 

The project is conducted in collaboration with Ethiopian researchers from the Armauer 
Hansen Research Institute (AHRI), Addis Ababa, and representatives of the Federal Ministry 
of Health and the Oromia Regional Health Bureau. This specific project already has a funded 
PhD student led by Co-applicant Ass. Prof. Isaxon (conducted through collaboration between 
AHRI and Lund University funded by SIDA). We further aim to strengthen the Ethiopian 
capacity to perform high quality air pollution epidemiological studies by research training and 
communication projects. We also have close international collaboration with Prof. Kiros 
Berhane and Prof. Jonathan Samet from University of Southern California. In their project 
Geo Health Hub for Eastern Africa (funded by Fogarty and NIH) they will work on 
interdisciplinary research and training in environmental and occupational health for East 
Africa with a special focus on air pollution. Our main areas of collaborations will be in air 
pollution modelling and research training.  

Significance  

So far there is a knowledge gap on the air pollution effects on pregnant women, especially in 
Africa. The main knowledge gap has been in assessing exposure as high spatial outdoor air 
pollution modelling and household emission factors are lacking.  

We aim to contribute by applying cost effective, yet state-of-the art measurement and 
modelling tools on an up and running prospective cohort of pregnant women.  This 
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multidisciplinary project will strengthen research of high quality by combining expertise from 
several areas, infectious medicine, obstetrics, epidemiology, environmental health and aerosol 
technology in a joint effort to evaluate environmental health risk with such details so proper 
actions can be taken. Since one of our co-applicants works at the Ministry of Health in 
Ethiopia we have the resources to disseminate our results locally. In addition we already are 
partly funded by SIDA with an Ethiopian PhD-student who will disseminate this knowledge 
at Addis Ababa University. Furthermore, we are collaborating with researchers from 
University of Southern California in their East African project so our models will be applied 
also in Uganda, Kenya and Rwanda 
functions (http://geohealthhub.org/). Well-designed African studies that increase knowledge 
on not only the health impact but also on the attributed sources could contribute by raising 
awareness and lead to better policies and actions.  

Work plan and contingency plan 

Figure 4, work plan with main tasks and responsible researchers. 
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Table 2, main identifiable risks and contingency plan. 

Main identifiable risks Contingency plan 
Failure to obtain ethical 
permission 

Risk is low (prior ethical approvals)/Review 
ethical approval  

Failure to develop adequate 
model for outdoor air pollution  

Measure traffic counts on also minor roads and 
apply to model 

Failure to distinguish air 
pollution and covariate effects 

Evaluate effects in smaller areas where the 
covariate effects are smaller 

Failure to find any association 
between exposure and outcomes 

No risks are also important for public health and 
will be communicated 

Failure to obtain permission 
from Ethiopian customs to bring 
the High volume sampler  

Collect smaller samples will be collected using 
traditional portable pumps, which will be 
sufficient for chemical characterization. 

Analysis shows that NO2 is not a 
valid proxy for traffic emissions 
in developing countries. 

Base the model on mass concentration 
measurements. Model resolution would be 
lower, but accurate. 
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